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Abstract

Obesity is a global health issue, and cognitive impairment and elevated 
risk of dementia are emerging as important consequences. Clinical 
studies have documented that obesity over the life course is associated 
with cognitive decline, with midlife obesity carrying a particularly high 
risk. Evidence from both preclinical and clinical studies suggests that 
obesity has multiple pathophysiological effects on the brain, including 
hypothalamic dysregulation and disruptions in biological processes 
that affect the hippocampus and prefrontal cortex, such as metabolic, 
inflammatory and vascular dysfunction. In this Review, we summarize 
the global epidemiology of obesity and examine its clinical relevance as 
a risk factor for cognitive impairment and dementia. We also discuss the 
peripheral and central mechanisms through which obesity affects brain 
function and review obesity-related interventions that have been shown 
to improve cognition. We conclude by identifying crucial gaps in the 
existing clinical, translational and intervention-focused literature that 
warrant future investigation.
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Global epidemiology of obesity
Obesity is a global health challenge, with prevalence increasing mark-
edly over recent decades. Obesity is defined by a body mass index (BMI) 
≥30 kg/m2 for adults or ≥2 s.d. above the WHO Child Growth Standards 
median for children2 (Box 1). Other diagnostic measures have been 
proposed, including central adiposity, low-grade inflammation and 
impairments in daily living activities, but their inclusion in clinical 
diagnosis remains controversial9. Obesity frequently coexists with 
hypertension, dyslipidaemia and hyperglycaemia, which collectively 
define metabolic syndrome (MetS)10. Obesity is also linked to a spec-
trum of diseases, including cardiovascular disease, T2D, psychiatric 
disorders and neurodegenerative diseases3,11.

In 1990, obesity was observed predominantly in North, South and 
Central American, European and Middle Eastern countries1. Now, how-
ever, rates of obesity are growing globally, with prevalence also rising 
in African and Asian countries1. Women1,12 and middle-aged adults12 
are exhibiting particularly high incidences of obesity, and trends in 
children increasingly mirror those observed in adults1. The economic 
impact of obesity is substantial, incurring both direct and indirect 
medical costs13,14. The WHO estimates that, if current trends continue, 
annual global obesity-related costs could reach US$18 trillion by 206015.

Obesity arises from a complex interplay of lifestyle (for example, 
diet and activity levels), genetic, psychological and social factors. Spe-
cifically, western and other pro-inflammatory diets16,17, alcohol use18 and 
sedentary behaviour3,18 are linked to an elevated risk of obesity in adults. 
Similar risk factors apply to childhood obesity, with poor diets and 
reduced physical activity having central roles19,20. Certain Indigenous 
populations, such as the Samoans and Pima Native Americans, are 
predisposed to elevated rates of obesity, and heritable genetic differ-
ences account for the majority of BMI variation in these populations21. 
Polygenic risk scores based on obesity-specific polymorphisms can be 
used to assess individual obesity risk22,23, which is exaggerated further 
by poor lifestyle factors24. A decompression analysis of UK Biobank 
participants concluded that lifestyle factors accounted for 42.8% of 
the association between genetic predisposition and obesity-related 
phenotypes25, supporting the idea that genetic risk factors for obesity 
do not act in isolation.

Obesity risk increases with age, probably owing to changes in body 
composition and a transition to a more sedentary lifestyle26. Psychiat-
ric disorders such as depression, anxiety and some eating disorders 
promote overeating, thereby contributing to obesity3, although the 
precise relationship between mental health conditions and elevated 
BMI is unclear27. Prevalent antidepressant use linked to weight gain 
might also contribute to rising obesity rates28. Socioeconomic factors 
such as poverty further influence the likelihood of developing obesity 
by limiting access to healthy foods and opportunities for physical 
activity29. In summary, the causes of obesity are multifactorial; how-
ever, many contributory factors are modifiable and could be targeted 
to counteract the rising prevalence of this condition.

Obesity and cognitive impairment
A growing number of longitudinal and highly adjusted studies provide 
evidence that obesity is linked to cognitive impairment (Supplementary 
Table 1), which is defined as a decline in cognition, including but not 
limited to memory, attention and problem solving (Box 2). Cognitive 
impairment ranges from minor changes that do not interfere with most 
daily functions, commonly termed mild cognitive impairment (MCI)30, 
to more severe global cognitive changes that interfere with functional 
abilities, as seen in conditions such as Alzheimer disease and related 

Key points

	• Obesity is a global issue and is emerging as a key factor in impaired 
brain health and as a possible driver of dementia.

	• Midlife obesity is associated with cognitive impairment and elevated 
dementia risk, even after weight loss in later life.

	• Morphological and structural changes in the brain in individuals with 
midlife obesity are linked to cognitive decline.

	• Obesity acts as a feed-forward mechanism driving hypothalamic 
dysfunction, thereby exacerbating loss of appetite control and 
worsening obesity.

	• Obesity impairs neuronal, microglial, metabolic and cerebrovascular 
function in the hippocampus, prefrontal cortex, white matter and other 
regions that are crucial for cognition, mirroring changes observed in 
ageing and dementia.

	• Lifestyle, surgical and pharmacological interventions targeting 
obesity offer potential strategies to mitigate obesity-related cognitive 
impairment and dementia risk.

Introduction
Over the past two decades, the global population of individuals with 
obesity has doubled, and almost 900 million people are currently 
classified as obese1. The World Health Organization (WHO) defines 
obesity as the accumulation of excess fat that impairs overall health2. 
Although genetic predisposition can increase the risk of obesity, the ris-
ing prevalence is largely driven by factors that promote an obesogenic 
lifestyle, such as calorie-dense and ultraprocessed foods, low levels of 
physical activity and prolonged sedentary behaviour3. Importantly, 
obesity increases the risk of numerous diseases and outcomes, includ-
ing cardiovascular disease, hypertension, stroke, type 2 diabetes (T2D), 
cancer and mortality3.

Obesity is emerging as a key factor in impaired brain health and as a 
driver of elevated dementia risk. The brain is particularly vulnerable to 
common pathophysiological features of obesity, such as hyperglycae-
mia, dyslipidaemia, hypertension, systemic inflammation and vascular 
dysfunction. These insults lead to overall neurological dysfunction 
that results in cognitive impairment4–6 and ultimately increases the 
likelihood of developing dementia7. Importantly, rates of dementia 
are projected to nearly triple by 20508, and rising obesity rates are a 
contributing force behind these projections. Together, the converging 
trajectories for obesity and dementia pose an immediate threat to the 
global healthcare system.

Here, we review the current global epidemiology of obesity 
and describe the clinical relevance of obesity over the life course as 
a risk factor for cognitive impairment and dementia. We also high-
light the pathophysiological effects of obesity on the brain, arising 
both from the periphery and from within the brain, and consider 
currently available obesity-related interventions that improve 
cognitive function. We conclude by summarizing the existing 
gaps in the literature relating to translational and clinical research, 
as well as gaps in current methods of therapy development and  
prevention.
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dementias. The relationship between obesity and cognitive impairment 
is complex, and is influenced by age, fat distribution and metabolic 
comorbidities.

Even in childhood, obesity31 (Box 1) with or without MetS32 is associ-
ated with cognitive impairment and brain structural changes33, poten-
tially setting young people on the path to later-life dementia. Most of 
the early studies were cross-sectional34,35, but longitudinal studies, 
including the large, prospective US population-based Adolescent Brain 
Cognitive Development (ABCD) study, are beginning to emerge. The 
ABCD study found that higher baseline BMI was linked to worsening 
psychopathology but not to cognitive impairment at 2-year follow-up36. 
However, poorer cognition and higher rates of psychopathology at 
baseline were linked to increased BMI at 2-year follow-up, suggest-
ing that early cognitive deficits could trigger subsequent obesity — 
an assertion that was corroborated in an independent longitudinal, 
community-based study37. Alternatively, the link between cognitive 
impairment38 and eating behaviours34 could be bidirectionally linked 
to adiposity. It is crucial to understand how cognitive impairment and 

eating behaviours relate to obesity, as initiating events and trajecto-
ries might be targeted to mitigate weight gain. Individual structural 
and functional variations in the prefrontal cortex (PFC) are thought 
to predispose to overeating, thereby promoting obesity and, in turn, 
triggering PFC changes in a feed-forward loop35. Importantly, in the 
context of interpreting brain morphological changes in adult obesity, 
co-analysis of ABCD with adult UK Biobank data indicated that early-life 
changes in head size, rather than smaller brain sizes per se, could under-
lie neuroimaging traits that have been attributed to obesity-related 
atrophy in later life39.

Besides childhood obesity, midlife obesity and trajectories over 
the life course are additional crucial factors in the relationship with cog-
nitive impairment and dementia. The Lancet Commission on dementia 
prevention, intervention and care now formally recognizes midlife 
obesity as a dementia risk factor7, validating seminal early work in 
the field40. The Northern Manhattan Study found that midlife but not 
late-life obesity, assessed by waist-to-hip ratio (WHR) measurements 
of central adiposity, correlated negatively with global cognition based 

Box 1 | Obesity definitions and assessments
 

The full diagnostic criteria for clinical obesity are beyond the scope of 
this Review (see Rubino et al.9 for adult criteria and Jebeile et al.19 and 
Lister et al.20 for childhood criteria).

Obesity in adults
Generalized obesity
Generalized obesity is usually measured by BMI, calculated from 
the weight divided by the height squared (kg/m2). The World Health 
Organization (WHO) obesity classifications for men and women are 
as follows:

	• Overweight: 25.0 to <30.0.
	• Moderate class 1 obesity: 30.0 to <35.0.
	• Severe class 2 obesity: 35.0 to <40.0.
	• Very severe/morbid class 3 obesity: ≥40.0.

BMI cutoffs depend on ancestry: the above cutoffs are applicable 
to European and African populations51, but the cutoffs for people of 
Asian descent are 23.0–27.5 for overweight and ≥27.5 for obese.

Central obesity
Central obesity is a measure of visceral adiposity that is linked to 
cardiovascular risk. Waist circumference is a frequent measure and 
criterion for central obesity in the context of metabolic syndrome216. 
According to the American Heart Association–National Heart, Lung, 
and Blood Institute Scientific Statement, elevated waist circumference 
is ≥88 cm in women and ≥102 cm in men. Cutoffs vary by ancestry and 
issuing organization217:

	• European: ≥80 cm for women and ≥94 cm for men (International 
Diabetes Federation (IDF)–WHO criteria).

	• Asian: ≥80 cm for women and ≥90 cm for men (IDF–WHO criteria).
	• Japanese: ≥90 cm for women and ≥85 cm for men (Japanese 
Obesity Society criteria).

	• Chinese: ≥80 cm for women and ≥85 cm for men (Cooperative Task 
Force criteria).

	• Middle Eastern, Mediterranean and sub-Saharan African: ≥80 cm 
for women and ≥94 cm for men (IDF criteria).

	• Ethnic Central and South American: ≥80 cm for women and 
≥90 cm for men (IDF criteria).

Waist-to-hip ratio is another widely used measure of central 
obesity that is increasingly used in obesity research9, with specific 
cutoffs for sex and race and ethnicity.

Body fat composition
Body fat composition refers to total and regional percent fat mass, 
lean mass and water mass, measured using dual X-ray absorptiometry, 
computed tomography, magnetic resonance imaging and 
bioimpedance analysis51.

Obesity in children
Generalized obesity
Generalized obesity in children is usually measured by BMI relative to 
sex and age-adjusted population growth classifications19,20:

	• 0–5 years (or 0–2 years in the USA): WHO 2006 growth standard is 
recommended218.

	• 5–19 years: WHO 2007 growth standard, defining overweight as 
BMI ≥1 s.d. and obesity as BMI ≥2 s.d. above the median for age 
and sex.

	• 2–18 years: International Obesity Task Force curves based on 
international data aligning with adult BMI cutoffs for overweight 
(25.0) and obesity (30.0) at age 18 years, used for epidemiological 
purposes219.

	• 2–20 years: US Centers for Disease Control and Prevention 
growth references, defining underweight as <5th, normal as 
5th to 84th, overweight as 85th to 94th, and obesity as ≥95th 
percentiles220.

Central obesity
Central obesity in children is determined by age-adjusted and sex-
adjusted waist circumference based on international221 or regional222 
growth references. A waist-to-height ratio of >0.5 does not require 
growth references223.
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on episodic and semantic memory, executive function and process-
ing speed domains, even after adjusting for vascular factors41. In the 
Trøndelag Health Study, which used BMI and waist circumference as 
measures of obesity, midlife obesity was associated with increased 
dementia risk whereas being overweight in later life was linked to 
decreased dementia risk42. A similar phenomenon has been reported 
for incident dementia in elderly Chinese adults43 and for cognitive 
impairment risk in various cognitive domains in elderly US adults44. The 
observation that midlife obesity raises whereas later-life obesity lowers 
dementia risk is termed the dementia obesity paradox. To address this 
paradox, Cannon et al. assessed incident dementia in the Atherosclero-
sis Risk in Communities study, stratified by late-life BMI status and BMI 
change over 8 years45. Only participants whose midlife BMI decreased 
in late life were at elevated dementia risk, regardless of whether their 
late-life BMI was low, normal or high. These findings suggest that BMI 
trajectories from midlife to late life are more important than late-life 
BMI per se in determining the risk of dementia45.

In addition to obesity trajectories, fat distribution is a key factor 
in the correlation between obesity and cognitive impairment. A promi-
nent risk factor that has been identified across diverse populations is 
visceral adipose tissue46 — an important driver of central obesity that 
is measured by waist circumference, WHR, waist-to-height ratio and 
fat mass43,47–49. A global meta-analysis involving 5,060,687 partici-
pants across 21 studies from 10 countries (the USA, Sweden, France, 
Italy, Australia, Chile, Singapore, China, the UK and the Republic 
of Korea) reported that central obesity significantly increased the 
risk of cognitive impairment and dementia, emphasizing the impor-
tance of fat distribution over BMI, regardless of age6. Although the 
findings regarding the effects of elevated visceral adipose tissue on 
cognitive impairment and dementia risk are well established, with few 

inconsistencies, the role of other fat depots is less clear46, with subcu-
taneous fat being shown to pose a risk in some studies46,49 but not in 
others46. A study involving 793 participants in China measured 27 body 
composition variables that were condensed into six factors, one of 
which, central obesity, increased the risk of cognitive impairment, 
whereas two others, muscle mass and leg-dominant fat distribution, 
lowered the risk50. This study suggests that central fat accumulation 
could be more detrimental than limb fat accumulation, but further 
research is warranted.

Fat distribution varies by race51 and sex, which might influence the 
relationship between obesity and cognitive impairment. Race-specific 
BMI and waist circumference cutoffs have been developed (Box 1), 
which are crucial for studies to adopt. Lack of race-specific cutoffs 
for some metrics could affect study findings, leading to inconsistent 
results. Future investigations should establish whether results that 
differ by race arise from inherent differences in body fat distribution 
and the relationship with cognitive impairment or from differences 
in study design. Besides the influence of race or ethnicity on body fat 
distribution, we also need to consider the cutoffs that define MCI, 
which, if not properly defined, could overclassify non-white individuals 
as showing impairment52.

Several studies have used stratified analyses to assess whether 
the influence of obesity on cognitive impairment and dementia varies 
according to sex. However, the findings so far are mixed, with different 
studies showing that obesity confers a higher53–55 or a similar risk42,56 of 
cognitive impairment in women compared with men. A meta-analysis 
and systematic review concluded that waist circumference had no 
effect on the risk of cognitive impairment and dementia in men but 
showed a positive correlation with the risk in women6. Thus, women 
with obesity might be at higher risk of cognitive impairment than their 

Box 2 | Cognitive impairment: definitions and assessments
 

Cognitive impairment is defined as a deficit in cognition, including but 
not limited to memory, attention problem solving, processing speed, 
and speech and language. It ranges from minor deficits (for example, 
mild cognitive impairment30) to more severe dysfunction, as seen 
in dementias including Alzheimer disease and related dementias. 
Diagnosis of cognitive impairment commonly involves tests measuring  
cognition (for example, memory, executive function and attention), 
which can be complemented by other diagnostic tools, such as 
neuroimaging (for example, magnetic resonance imaging, computed 
tomography or positron emission tomography) and plasma and 
cerebrospinal fluid biomarkers. A full diagnostic work-up for cognitive 
impairment is outlined by Bradfield et al.224. Below, we describe 
some of the assessment tools that are commonly used to screen for 
obesity-related cognitive impairment in the clinic.

Mini-Cog
A short 3-min test using word recall and a clock-drawing test to 
assess cognitive deficits. Cognitive impairment is defined by a failed 
test (≤2 points out of 5).

Montreal Cognitive Assessment
A cognitive test assessing memory, executive function, language, 
attention, orientation and visuospatial skills, commonly used to 

screen for cognitive deficits. Cognitive impairment is defined by a 
score of ≤25 out of 30.

Mini-Mental State Examination
A cognitive assessment involving questions related to attention, 
orientation, memory, language and ability to follow simple 
commands. This test is scored out of 30 points:

	• ≥24 points: cognitively normal.
	• 19–23 points: mild cognitive impairment.
	• 10–18 points: moderate cognitive impairment.
	• ≤9 points: severe cognitive impairment.

NIH Toolbox Cognitive Battery
A comprehensive assessment of multiple cognitive domains, 
including memory, processing speed, comprehension and problem 
solving. Composite cognitive scores are generated to assess overall 
cognitive function, in addition to scores for individual cognitive 
domains. All scores are standardized to enable comparison across 
studies. The NIH Toolbox also includes cognitive tests that are 
specific to children (for example, ages 3–6 years). Normative data are 
available that span age ranges and languages of administration225–227.
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male counterparts, but the findings need to be confirmed in studies 
that adjust for covariates that differ by sex. More research is urgently 
needed to better understand the complex interrelationships between 
adiposity, race, sex, age and brain health, especially in developing coun-
tries (Fig. 1). Given the growing prevalence of obesity worldwide, a full 
understanding of how obesity influences cognition is crucial for public 
health. The current data suggest that interventions targeting midlife 
weight will be particularly important, and the WHO advocates for the 
development of global public health strategies to preserve cognition 
over the lifespan and reduce dementia risk57.

The proposed studies must also address factors beyond race, sex 
and age. For example, sarcopenic obesity, a condition characterized 
by low muscle mass and high fat mass, was found to be associated with 
impaired cognition and reduced functional independence in cohorts 
of older frail adults6. Another important confounding factor is MetS, 
as T2D, dyslipidaemia and hypertension are also dementia risk factors7. 
In addition, obesity is frequently comorbid with other conditions, 
such as depression and sleep disorders, that also influence cogni-
tion, underscoring the need for studies to comprehensively adjust 
for confounders.

Pathophysiological effects of obesity on the brain
Under physiological conditions, metabolic, endocrine, neurological 
and immune processes systemically function in a coordinated manner 

to maintain energy homeostasis and support brain health. In obesity, 
chronic caloric excess disrupts this balance, driving widespread periph-
eral pathophysiological changes that directly and indirectly affect the 
central nervous system58.

Adipose tissue has a central role in obesity59. Under physiological 
conditions, this tissue functions as a tightly regulated metabolic and 
endocrine organ that stores excess energy and releases free fatty acids 
(FFAs) during periods of increased energy demand59,60. In obesity, adi-
pose tissue expands through adipocyte hypertrophy (increased cell 
size) and hyperplasia (increased cell number), predominantly within 
visceral depots. Visceral adipose tissue is particularly susceptible to 
hypoxia and oxidative stress and, when inflamed, releases increased 
amounts of inflammatory circulating cytokines and adipokines 
(for example, leptin), thereby promoting the development of systemic 
low-grade, chronic inflammation59. This dysfunctional state is charac-
terized by impaired insulin responsiveness, altered secretory adipokine 
profiles and increased basal lipolysis, which contributes to dyslipidae-
mia characterized by increased circulating FFAs and triglyceride-rich 
lipoproteins61 and might drive cognitive impairment62,63. In addition, 
chronic low-grade inflammation associated with obesity, potentially 
mediated by adipokines and adipose tissue-resident immune cells, 
contributes to an increased risk of dementia64. Together, the robust 
physiological changes induced by obesity drive systemic metabolic 
disruption that targets the brain and increases the risk of dementia65,66.
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Fig. 1 | Clinical studies investigating obesity-related cognitive impairment. The figure indicates the locations of recent studies investigating obesity-related 
cognitive impairment.
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Many studies have explored the pathophysiology of the brain in 
the obese state in preclinical animal models. Genetic mouse models of 
obesity commonly involve disruption of leptin signalling, leading to 
increased fat mass and the development of other comorbid metabolic 
diseases, such as T2D67. However, obesity can also be induced through 
a high-fat diet (HFD)67, which mirrors the western diet — a key driver 
of obesity in humans. Animals that are fed this diet have increased 
body weight and adiposity67. Both leptin-based and HFD models can 
also develop insulin resistance, hyperglycaemia, dyslipidaemia67 and 
even vascular disease68. These features of MetS are also present in the 
low-density lipoprotein receptor knockout mouse, in which dyslipi-
daemia coupled with chronic vascular inflammation drives cerebrovas-
cular dysfunction associated with dementia69. Together, these models 
can be used to evaluate the neurological consequences of obesity, 
including disruptions to metabolic, vascular and cellular mechanisms 
that promote cognitive impairment.

Current translational evidence suggests that obesity targets the 
hypothalamus and hippocampus–PFC axis through intrinsic and 
peripheral mechanisms, which lead to neuronal dysfunction, glial 
activation, elevated metabolic and oxidative stress, cerebrovascu-
lar dysfunction and chronic inflammation and induce learning and 
memory deficits and anxiety (Box 2). Dysfunction of these pathways 
disrupts the neurobiology of the brain, leading to cognitive impair-
ment, and could increase the risk of dementia. In the sections that 
follow, we describe the neurobiological changes in preclinical models 
of obesity, complemented with evidence from humans, and consider 
how they correspond to changes in overall cognition.

Effects on the hypothalamus
The hypothalamus is the brain’s command centre for energy regulation, 
operating through complex circuitry that controls energy intake and 
expenditure. Under homeostatic conditions, the hypothalamic arcu-
ate nucleus (ARC) maintains balance through careful orchestration 
of agouti-related peptide/neuropeptide Y (AgRP/NPY)-expressing 
neurons, which signal hunger, thereby stimulating food intake, and 
pro-opiomelanocortin-expressing neurons, which signal satiety, 
thereby reducing food intake. These effects are mediated through 
interactions with paraventricular nucleus (PVN) neurons70 (Fig. 2a).

The ARC coordinates its activity with the median eminence, a cir-
cumventricular organ unprotected by the blood–brain barrier (BBB) 
that senses circulating hormones and nutrient levels and relays signal-
ling cues to the ARC. Adipose-derived hormones, such as leptin, together 
with gastrointestinal hormones, such as glucagon-like peptide 1  

(GLP-1) and peptide YY (PYY), activate ARC signalling pathways to 
regulate appetite71. In obesity, despite elevated circulating leptin lev-
els, central leptin resistance blunts appetite suppression72. Similarly, 
insulin resistance73, along with impaired GLP-1 and PYY signalling, 
disrupts hypothalamic control of energy balance and might influence 
brain regions involved in reward processing and cognition, while orexi-
genic signals such as ghrelin further destabilize feeding regulation. 
Brain-derived neurotrophic factor (BDNF)-expressing neurons in the 
ventromedial hypothalamus integrate interoceptive inputs to motor 
centres that regulate food consumption and jaw movements, ultimately 
linking hypothalamic activity to the physical action of eating74.

Finer mapping of the hypothalamic circuitry can identify the 
most susceptible regions or pinpoint neuronal populations that could 
be targeted to better control appetite and curb obesity. Spatial tran-
scriptomic analysis of the hypothalamus identified the infundibular 
nucleus and PVN as the regions most susceptible to metabolic-induced 
dysfunction75. Acute pro-opiomelanocortin neuronal activation 
only marginally affects appetite, hinting at as-yet undiscovered 
leptin-responsive neuronal populations. Indeed, leptin-activated 
basonuclin 2 (BNC2)-expressing neurons that acutely promote satiety 
by directly inhibiting AgRP/NPY neurons have been identified in the 
ARC76. Knockout of the leptin receptor from BNC2-expressing neurons 
promotes hyperphagia and obesity, mimicking knockout of the leptin 
receptor from AgRP/NPY neurons. Leptin-controlled hypothalamic 
GABAergic neurons within the ARC that express prepronociceptin and 
NPY also control feeding and are activated by palatable food consump-
tion, thereby promoting hyperphagia77,78. Conversely, ventromedial 
hypothalamus BDNF-expressing neurons normally inhibit overfeeding 
and obesity in animals fed a highly palatable or chow diet74. Within the 
PVN, dopaminergic neurons extend the food intake phase79, whereas 
oxytocin-expressing neurons suppress weight gain, food intake and 
plasma triglyceride and leptin levels80. Besides regulation of energy 
intake, hypothalamic GABAergic neurons expressing cellular retinoic 
acid-binding protein 1 regulate energy expenditure by promoting 
physical activity, as well as increasing body temperature and adap-
tive thermogenesis, thereby helping to prevent obesity81. These spe-
cialized neuronal populations potentially unlock new therapeutic 
avenues through appetite suppression82 (see ‘Novel pharmacological 
interventions’ section below).

Through the elevation of saturated FFAs and hyperglycaemia, obe-
sity dysregulates hypothalamic activity by promoting inflammation, 
with microgliosis, astrogliosis and pro-inflammatory cytokine release, 
often before the onset of substantial weight gain83 (Fig. 2b). Circulating 

Fig. 2 | Pathophysiological effects of obesity on the hypothalamus. 
a, Homeostatic conditions. After a meal is fully digested in the gastrointestinal 
tract and gastric emptying ends, gastric mucosal cells are signalled to release  
ghrelin (1). Ghrelin is an orexigenic hormone that acts on agouti-related peptide 
and neuropeptide Y (AgRP/NPY)-expressing neurons in the hypothalamic arcuate 
nucleus (ARC), promoting further orexigenic hormone release, which stimulates 
hunger (2). Triggering of appetite promotes food intake, which, in people of 
healthy weight, generally consists of a healthy meal of moderate portion size. 
Eating (3) promotes release of cholecystokinin (CCK) from I cells of the proximal 
duodenum and jejunum and glucagon-like peptide 1 (GLP-1) and peptide YY 
(PYY) from L cells in the ileum and colon (4). Eating also stimulates release 
of insulin from β-cells of the pancreas and leptin from adipocytes. GLP-1, CCK and 
PYY are anorexigenic hormones that act on the pro-opiomelanocortin (POMC)-
expressing neurons of the hypothalamic ARC, promoting further anorexigenic 

hormone release, which stimulates satiety. Triggering of satiety promotes food 
intake cessation (5) and healthy weight. This cycle repeats to balance energy 
intake with energy expenditure to maintain weight. b, Pathological conditions 
of obesity. Ingestion of obesogenic, calorically dense and ultraprocessed foods 
rich in saturated fatty acids and sugars (1) triggers hypothalamic inflammation, 
thereby injuring ARC neurons (2). ARC neuron dysfunction leads to dysregulated 
appetite control (3). Hyperphagia expands adipose tissues through adipocyte 
hypertrophy (increased cell size) and hyperplasia (increased cell number), 
predominantly within visceral depots (4). The expanded adipose tissue becomes 
hypoxic and inflamed and releases pro-inflammatory cytokines and adipokines, 
thereby exacerbating hypothalamic inflammation in a feed-forward mechanism (4).  
Rising insulin and leptin resistance in the hypothalamus further drives appetite 
dysregulation (5). For full reviews on these mechanisms, see refs. 83 and 71.
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FFAs differentially influence hypothalamic activation depending on 
their saturation level and double-bond position84. In obesity, hypo-
thalamic inflammation is accompanied by increased expression of 
neurodegenerative pathways85, reduced numbers of dendritic spines 
on neurons in the medial basal hypothalamus86 and loss of satiety, 
with consequent increased peripheral adiposity. Adipose-derived 
inflammation further drives hypothalamic impairment, creating a 
feed-forward mechanism that worsens obesity. Besides hypothalamic 
inflammation, obesity affects downstream metabolic and cardio-
metabolic parameters. Hypothalamic glial inflammation, involving 
astrocytes87 and microglia88, influences glucose levels and glucose 
tolerance. Obesity-related hyperleptinaemia induces hypertension 
via hypothalamic astrocytes and expanded micro-angioarchitecture89. 
Obesity also promotes iron overload in AgRP/NPY-expressing neurons, 
with consequent overeating, adiposity, insulin and leptin resistance, 
and oxidative and endoplasmic reticulum stress90. In addition, obesity 
drives ARC neurofibrosis and extracellular matrix remodelling, thereby 
promoting insulin resistance and metabolic dysfunction91.

Effects on the hippocampus and prefrontal cortex
The hippocampus and PFC are fundamental to the architecture of 
human cognition. The hippocampus is essential for memory consoli-
dation, specifically for spatial, temporal and contextual information92. 
Conversely, the PFC is the primary seat of executive functions, manag-
ing working memory, behavioural flexibility and sustained attention93. 
These regions do not operate in isolation: hippocampal neurons project 
to the medial PFC94, and both regions receive cholinergic innervation 
from the basal forebrain95. Together, these structures have central roles 
in cognition, making them prime targets of obesity-related insults.

Growing evidence suggests that obesity induces pathological 
changes in these brain regions (Fig. 3). The relationship between 
excess adiposity and grey matter atrophy in the hippocampus and 
PFC has been reviewed previously96. A prospective cohort study of 
UK Biobank participants reported that midlife central obesity and 
elevated WHR were associated with reduced grey matter and total brain 
volumes5. Trajectory analyses, also of UK Biobank participants, found 
that transitioning to obesity was associated with acceleration of brain 
morphology changes (for example, cortical thinning) and cognitive 
decline97. Dyslipidaemia has also been linked to reduced cortical thick-
ness and whole-brain volume, in addition to cognitive impairment4,98, 
and adipokines have been linked to reduced hippocampal volume63. 
Cross-sectional studies indicate that grey matter volume in the hip-
pocampus and PFC is reduced in individuals with high BMI99, central 
obesity100 and elevated body fat percentage101, and obesity-related 
reductions in PFC grey matter volume have been linked to cognitive 
impairment99. In addition, obesity is associated with alterations in brain 
white matter. White matter hyperintensities are increased in individu-
als with obesity5, indicating potential tissue damage, and white matter 
volume is reduced in individuals with high BMI102, suggesting that com-
munication between brain regions — that is, the hippocampus–PFC  
axis — is compromised. Hippocampal atrophy is a common charac-
teristic of ageing and dementia103, supporting the idea that obesity 
accelerates brain ageing and increases dementia risk.

Impaired neuronal activity is a key consequence of reduced brain 
volume. Activity within the hippocampus–PFC circuit, characterized 
by long-term potentiation (LTP), facilitates successful learning and 
memory104. Obesity is associated with impaired neuronal function 
within this circuit — a feature that is also a hallmark of ageing and 
dementia105. For example, mice fed an HFD exhibit impairments in 

synaptic plasticity and LTP, leading to dysfunction of spatial work-
ing memory and recognition memory106. Hippocampal neuronal 
morphology is altered in obesity, including reductions in dendritic 
length and spine density107, as well as changes in perineural nets in the 
dentate gyrus108.

The drivers of neuronal dysfunction in obesity remain unclear, 
although one study in a mouse model of obesity indicated that 
impaired synaptic plasticity was mediated by dysregulated microRNA 
expression109. Preclinical studies support the idea that obesity induces 
oxidative stress, arising from either the endoplasmic reticulum110 or 
mitochondrial dysfunction111, leading to the accumulation of reac-
tive oxygen species112. Interestingly, obesity and its related cognitive 
impairment can be induced by deletion of lipoprotein receptor-related 
protein 1 in GABAergic neurons in rodent models113, suggesting possible 
intrinsic neurological mechanisms that drive obesity. However, further 
studies are needed to elucidate these mechanisms and their drivers.

Brain insulin resistance, potentially affecting diverse cell types, 
is a hallmark of obesity and contributes to cognitive impairment114. 
Elevated levels of phosphorylated insulin receptor 1, a marker of 
insulin resistance, are observed in the hippocampus in HFD-fed mice 
and are associated with reduced markers of synaptic function and 
increased cognitive impairment115. Hippocampal insulin resistance in 
obesity might be driven in part by impaired microvascular function116. 
Importantly, hippocampal insulin resistance could promote unhealthy 
decisions around food117, further contributing to worsening obesity. 
In humans, obesity and peripheral insulin resistance were found to be 
associated with reduced hippocampal activity during episodic memory 
recall, which coincided with impairments in memory performance118. 
However, direct measurements of insulin signalling in the brain remain 
challenging. An observational study in 71 older adults with obesity but 
without T2D found no association between neuron-specific insulin 
resistance and cognitive impairment119. Of note, however, this study 
relied on indirect assessment of brain-specific insulin signalling by 
measuring circulating neuron-derived extracellular vesicles contain-
ing insulin signalling-related proteins119, highlighting the challenges 
of disentangling peripheral from brain-specific insulin resistance and 
emphasizing the need for novel measures.

Another hallmark of obesity-associated neuropathophysiology 
is the chronic activation of microglia120, which could drive synaptic 
dysfunction through impaired neuron–microglia communication. 
Activated hippocampal microglia contribute to cognitive impair-
ment by internalizing synaptosomes, leading to a measurable reduc-
tion in dendritic spine density and to impaired LTP121. Both acute122 
and long-term120 HFD induce microglial activation. Obesity also leads 
to intracellular lipid accumulation within microglia107, resulting in 
increased mitochondrial reactive oxygen species production and 
defective phagocytosis123. However, the composition of these lipids 
and whether they reflect circulating lipid species remains unclear. 
Importantly, evidence suggests that obesity-related cognitive impair-
ment could be prevented by abrogating microglial activation through 
CX3C chemokine receptor 1 knockout or minocycline treatment121.

Studies conducted over the past few years have identified a molec-
ular hub that mediates microglial dysfunction, with pleiotrophin, a 
cytokine regulator of energy homeostasis, emerging as a central player. 
Deletion of the pleiotrophin gene in HFD models attenuates microglial 
activation and confers protection against cognitive decline108. In addi-
tion, the cGAS–STING pathway, an innate immune sensor of cytosolic 
double-stranded DNA, serves as a crucial link between metabolic dys-
function and neuroinflammation124,125. Although activation of this 
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pathway is a recognized hallmark of neurodegenerative diseases in 
general126, HFD models specifically implicate cGAS–STING signalling in 
driving the microglia-mediated cognitive impairment that is observed 
in obesity122. Other glial cells besides microglia also contribute to 
obesity-related cognitive impairment127, as described in Box 3.

Obesity-related metabolic stress induces systemic vascular 
dysfunction128 and, consequently, directly affects the brain’s cerebro-
vascular system and cognitive function. A mediation analysis of more 

than 20,000 UK Biobank participants demonstrated that hypertension 
mediated the relationship between obesity and cerebrovascular dis-
ease, which was associated with cognitive impairment and altered brain 
morphology, including reduced cortical thickness and volume4. These 
findings were supported by a cross-sectional study in which individuals 
with obesity and metabolic dysfunction (for example, hypertension, 
hyperglycaemia, high triglycerides, hypoalphalipoproteinaemia and 
reduced kidney function) had an elevated risk of cerebrovascular 
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Fig. 3 | Pathophysiological effects of obesity on the hippocampus and 
prefrontal cortex. Obesity is associated with wide-ranging pathology in the 
brain, involving the hippocampus and prefrontal cortex. On the larger scale, 
obesity is linked to gross brain structural changes, including grey matter atrophy, 
white matter hyperintensities and reduced blood flow. Cellular changes in 
neurons and glia also occur: neurons exhibit reduced synaptic plasticity and 
dendritic spines, and microglia become chronically activated. Astrogliosis 

and myelin thinning are also present. Insulin resistance (shown in this figure 
in neurons but potentially also affecting other cell types), mitochondrial 
dysfunction, inflammation and oxidative and endoplasmic reticulum (ER) 
stress are key features. In addition, breakdown of the blood–brain barrier (BBB) 
facilitates infiltration into the brain of peripheral immune cells, inflammatory 
factors and extracellular vesicles (EVs), further aggravating inflammation and 
oxidative stress. PTN, pleiotrophin; ROS, reactive oxygen species.
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disease129, suggesting that cerebrovascular pathology could underlie 
obesity-related cognitive impairment. In translational models, middle 
cerebral artery blood flow is reduced in HFD-fed mice, and both cogni-
tive and vascular function correlate negatively with increasing visceral 
adiposity130. Furthermore, cerebral small vessel disease can be induced 
in mice with impaired leptin signalling or low-density lipoprotein 
receptor deficiency when fed an HFD, as indicated by reduced hip-
pocampal cerebral blood flow131. However, some of these effects could 
be mediated by sex differences132, which warrant further investigation.

Peripheral mediators of obesity also directly affect the cerebro-
vasculature by compromising the integrity of the BBB133, similar to 
processes that occur in natural ageing and dementia. Preclinical studies 
demonstrate that even short-term (for example, 3-day) exposure to an 
HFD can induce hippocampal BBB permeability, potentially mediated 
by obesity-associated increases in tumour necrosis factor levels134. 
Single-nucleus RNA sequencing studies in obese T2D animal models 
revealed disruption of biological signalling pathways in hippocampal 
neurovascular cells, including those involved in angiogenesis, metabolic 
signalling and inflammation135,136. Increased BBB permeability might 
also result from disruptions in tight junction proteins, as observed in a 
transgenic mouse model of Alzheimer disease fed a western diet137. Con-
sequently, peripheral inflammatory insults could promote neuroinflam-
mation and oxidative damage, which inflict deleterious effects on brain 
regions that are essential for cognition, such as the hippocampus138. In 
addition, obesity-related BBB dysfunction might facilitate the infiltra-
tion of peripheral immune cells into the brain139, as well as enhancing 
transport of adipose-derived extracellular vesicles140, which preferen-
tially accumulate in hippocampal neurons and induce synaptic loss and 
cognitive impairment through their microRNA cargo140.

Overall, obesity induces a robust neuroinflammatory response, 
which affects multiple cell types in the hippocampus and PFC. How-
ever, whether obesity-related neuroinflammation is a result of sys-
temic inflammatory activation or develops independently in parallel is 
uncertain. Furthermore, even acute HFD (≤10 days) elevates Alzheimer 
disease-linked biomarkers, such as amyloid-β and phosphorylated tau, 

and the expression of Alzheimer disease-related genes141, further sup-
porting obesity as a risk factor for dementia. The pathophysiological 
effects of obesity on the hippocampus and PFC mirror the natural age-
ing process. Evidence from the hippocampal transcriptome of HFD-fed 
mice suggests that they experience premature ageing and inflamma-
tion, accompanied by impairments in fear and contextual memory142. 
However, additional studies are necessary to fully substantiate this 
hypothesis.

Effects of obesity-related interventions on 
cognitive impairment
Given the adverse effects of obesity on brain health, weight-loss-
promoting interventions could mitigate the risk of cognitive 
impairment143. These interventions might exert indirect effects (for 
example, through systemic improvements in insulin resistance, dys-
lipidaemia or inflammation) or direct effects (for example, activation 
of neuroprotective pathways or receptor binding) on the brain. In this 
section, we review the efficacy of lifestyle, surgical and pharmacological 
interventions (Fig. 4 and Supplementary Table 2), drawing primarily 
on clinical studies, supplemented with relevant preclinical evidence.

Lifestyle interventions
Diet. Various dietary interventions have been explored in obesity- 
associated cognitive impairment (Box 4). Most studies focus on cal-
orie restriction, either alone or combined with other diets, such as 
the Mediterranean–DASH Intervention for Neurodegenerative Delay 
(MIND) diet or the ketogenic diet. Besides diet composition, some stud-
ies also examined the timing of food intake, such as intermittent fasting 
(Box 4). Adherence to these diets was found to improve systemic metab-
olism, including obesity, lipid profiles, glucose and insulin sensitivity, 
and glycated haemoglobin (HbA1c) levels144; however, studies evaluat-
ing their efficacy for improving obesity-related cognitive impairment 
remain sparse. Some studies suggest that calorie restriction145–148, with 
or without the MIND diet146–148, might improve cognition (for example, 
working memory) in obese individuals, although the added benefit of 

Box 3 | Effects of obesity on astrocytes and oligodendrocytes
 

Neuronal function is aided by glia, including microglia, astrocytes 
and oligodendrocytes127. Consequently, the mechanisms underlying 
obesity-related cognitive impairment are non-cell-autonomous, 
with a breakdown in function of both neuronal and glial cells. 
Microglial contributions are discussed in the main text, and here 
we briefly describe astrocyte and oligodendrocyte dysfunction in 
obesity-related cognitive impairment.

Astrocytes
Under homeostatic conditions, astrocytes support neurons by 
recycling neurotransmitters through the glutamate–glutamine shuttle 
and maintaining the integrity of the blood–brain barrier127. However, 
obesity adversely affects hippocampal astrocytes, increasing 
their reactivity228,229, altering their morphology230 and promoting 
apoptosis231, all of which are linked to cognitive impairment. 
Deficient astrocyte metabolism — for example, through impaired 
leptin signalling — compromises neuronal synaptic transmission by 
reducing glutamate neurotransmission in the hippocampus232. Under 

conditions of obesity, astrocytes also release extracellular vesicles, 
which induce synaptic dysfunction and cognitive impairment233, and 
exhibit altered transcriptomic profiles136.

Oligodendrocytes
Under homeostatic conditions, oligodendrocytes contribute to 
neuronal activity by generating myelin, which facilitates saltatory 
signal transmission127. In addition, oligodendrocytes perform 
metabolic functions by transferring energy substrates, such as 
lactate, to neurons, thereby supplementing energy production 
and activity. However, obesity in or outside the context of type 2 
diabetes alters lipid content in myelin234, diminishes the number of 
oligodendrocyte progenitor cells and inhibits their differentiation into 
mature oligodendrocytes111, and reduces myelination235–237, potentially 
contributing to white matter atrophy and cognitive impairment238. 
Modelling of obesity in vitro by increasing palmitate levels impairs 
oligodendrocyte mitochondrial activity111 and promotes the release 
of extracellular vesicles that induce insulin resistance in neurons239.
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the MIND diet over calorie restriction remains unclear146,147. However, 
some studies noted no benefit from either calorie restriction or the 
MIND diet149. The ketogenic diet, with148 or without150 calorie restriction, 
might also improve cognition, but the evidence is limited.

Intermittent fasting151 by restricting eating hours can also serve as a 
form of calorie restriction, thereby potentially improving memory. One 
study found that intermittent fasting promoted weight loss to a greater 
extent than isocaloric calorie restriction but did not produce additional 
improvements in processing speed and attention145. By contrast, a 
study including calorie restriction and intermittent fasting arms with 
similar calorie intake found that intermittent fasting was associated 
with superior cognition in multiple domains148. Therefore, the relative 
efficacies of intermittent fasting versus calorie restriction, with or with-
out other dietary modifications, remain unclear. An ongoing Spanish 
clinical trial (NCT05880095) is assessing the effects on cognition of 
an unrestricted Mediterranean diet compared with calorie-restricted 
and calorie-unrestricted intermittent fasting Mediterranean diets. The 
results are expected by the end of 2026.

Besides clinical studies, preclinical research in HFD-fed rodents 
has demonstrated calorie restriction-related152,153, intermittent 
fasting-related154 and ketogenic diet-related155 improvements in cogni-
tive function in tandem with beneficial effects on neurogenesis, synap-
tic function, mitochondrial health, BBB function, neuroinflammation 
and Alzheimer disease pathology. These preclinical studies further 
support the nascent clinical evidence that weight-loss-promoting 
dietary interventions can potentially enhance cognitive function.

Exercise. Various exercise modalities have also been evaluated for 
improving cognition in obese individuals (Box 4). A meta-analysis156 
and a systematic review157, based on cumulative evidence, suggested 
that diverse exercise modalities, alone156 and combined with diets157, 
had beneficial effects on executive function156 and working memory157 
in overweight or obese participants. A meta-analysis of overweight or 

obese children concluded that aerobic exercise improved executive 
function compared with other exercise regimens158. Primary studies 
have also demonstrated the benefits of various exercise modalities. For 
example, a physical–cognitive exercise routine — that is, dual training 
simultaneously involving exercise and cognitive activity — improved 
memory in overweight or obese postmenopausal women, although 
it was outperformed by physical–cognitive exercise combined with 
intermittent fasting, which improved both memory and executive 
function159. However, contrary to some of the literature145,148,151, the 
study found no effects from intermittent fasting alone159. In overweight 
or obese adolescents, REVERIE, a virtual reality table tennis or soccer 
sports system, seemed to outperform physical table tennis or sports 
in terms of enhancing cognition, although both approaches produced 
similar improvements in metabolic and fitness parameters160. The inves-
tigators leveraged plasma multiomics to gain mechanistic insights into 
the response to REVERIE, and they identified distinct lipid, metabolite 
and protein signatures that were associated with the intervention.

This approach builds on previous studies, such as ActiveBrains161, 
which also molecularly profiled the response to exercise in obese 
adolescents, as well as smaller studies demonstrating that exercise-
mediated improvements in brain162 and peripheral163 insulin sensitiv-
ity and cerebrovascular function164,165 were associated with improved 
cognition. Studies in HFD-fed rodents highlighted further exercise-
related brain changes, including beneficial alterations in neurotrophic 
factors, mitochondrial health, neuroinflammation and Alzheimer 
disease pathology166. Combining diet and exercise might enhance 
cognition167, although some of the data are contradictory155, and further 
investigation is warranted.

Overall, the available data point towards exercise as a viable option 
to target obesity-related cognitive impairment. However, the high 
heterogeneity and low methodological quality of the few studies that 
have been conducted so far limit the conclusions that can be drawn156,157. 
In addition, some studies lacked information on exercise duration 
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intervention strategies. a, Risk factors for obesity (see ‘Global epidemiology of 
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and intensity, thereby precluding analysis of dose–response relation-
ships and necessitating more comprehensive studies to inform health 
recommendations for minimal and optimal exercise doses.

Bariatric surgery
Bariatric surgery is a feasible option for treating class 2 and 3 obesity 
in eligible patients168 (Box 4), producing improvements in BMI169–173, 
waist circumference169,171,172, triglyceride169 and high-density lipopro-
tein levels169, blood pressure171,172 and glucose metrics (for example, 
HbA1c169). A 2021 review suggested that bariatric surgery improved 
cognition in obese patients but recommended further investigation174. 
Since then, additional primary cohort studies have reported improved 
or stable cognitive function in various domains, including memory 
and executive function, 1 year170, 2 years169,172 and 3 years171 after bari-
atric surgery. The intervention could produce long-term benefits: in 
a large retrospective, single-centre analysis, obese individuals who 
underwent bariatric surgery were at lower risk of developing MCI and 
Alzheimer disease compared with matched control participants who 
did not undergo the procedure175. In this study, patients who received 
bariatric surgery lost more weight than control individuals, which 
might have contributed to their reduced risk of cognitive impairment175. 
However, the benefits might be limited to patients without a family 
history of Alzheimer disease176.

Not all studies support beneficial effects of bariatric surgery 
on cognition. In the long-running Teen-Longitudinal Assessment of 
Bariatric Surgery cohort study, surgery did not prevent the develop-
ment of cognitive impairment in young adults, although, notably, the 
participants remained obese despite weight loss173. Meta-analyses 

suggested salutary benefits from bariatric surgery in various cogni-
tive domains177,178, but concluded that high-powered studies are still 
needed178.

Data on the relative effects of different bariatric surgical proce-
dures on cognitive impairment are sparse and inconsistent173,175,178, 
and as sleeve gastrectomy is overtaking Roux-en-Y gastric bypass as 
the surgery of choice168, this issue warrants investigation. Although 
bariatric surgery outperforms lifestyle interventions with regard to 
metabolic improvement168,179,180, it is not without risks, which include 
acid reflux and internal hernia168. In addition, whether bariatric surgery 
outperforms other interventions for improving cognitive impairment 
in people with obesity remains uncertain. The Adolescent Morbid Obe-
sity Surgery 2 randomized controlled trial noted that bariatric surgery 
with tandem substantial weight loss did not confer additional benefits 
on most cognitive tests versus a non-surgical group without weight loss 
at 2-year follow-up180. The investigators noted a possible lack of statisti-
cal power, however, as cognition was an exploratory outcome of the 
trial, and they advocated further studies180. A meta-analysis concluded 
that bariatric surgery does not outperform non-surgical interventions 
for most cognitive outcomes, although the certainty was generally low 
to very low, and additional high-quality studies are needed181.

Novel pharmacological interventions
Lifestyle or surgical interventions can be combined with pharmacologi-
cal treatments to reduce body fat and mitigate obesity-related cognitive 
impairment. In the sections that follow, we describe novel pharmaco-
logical strategies that are being used to treat obesity and highlight their 
possible effects on cognition (Table 1 and Supplementary Table 2).

Box 4 | Dietary regimens and bariatric surgical procedures
 

Dietary regimens
Caloric restriction
A diet that limits calorie intake compared with unrestricted  
eating.

Intermittent fasting
An umbrella term for eating patterns that alternate between fasting 
and eating. Once glucose and glycogen stores since the last meal 
are depleted, intermittent fasting promotes ketosis — that is, ketone 
body production — by switching to fat as an alternative fuel in the 
liver. Ketosis onset occurs after ~8–24 h of fasting depending on prior 
glycogen store levels, carbohydrate content of the diet, activity levels 
and metabolic health. Several intermittent fasting regimens have 
been devised:

	• Time-restricted eating: a daily form of intermittent fasting that 
limits eating to specific time windows, for example, an 18-h fasting 
and 6-h eating schedule.

	• Alternate day fasting: a ‘fast day’ with 0–500 kcal intake, 
alternating with ad libitum food intake on ‘feast days’.

	• 5:2 diet: an eating pattern that consists of 2 fasting days and 
5 feasting days per week.

Ketogenic diet
A high-fat, low-carbohydrate and moderate-protein regimen that 
promotes ketosis.

MIND diet
The Mediterranean–DASH Intervention for Neurodegenerative Delay 
(MIND) diet is a hybrid of the Mediterranean diet and the DASH 
(Dietary Approaches to Stop Hypertension) diet, modified to include 
foods putatively linked to reduced dementia risk.

Bariatric surgical procedures
Sleeve gastrectomy
This procedure involves removing 80% of the stomach, resulting 
in a tube-like organ, the ‘sleeve’. Substantially reducing the size of 
the stomach limits the amount of food that an individual can ingest 
and decreases the amount of ghrelin that the stomach releases, 
thereby lowering appetite and cravings. Overall, sleeve gastrectomy 
promotes weight loss and improved metabolic profiles.

Roux-en-Y gastric bypass
This procedure involves reducing the stomach to a small pouch and 
connecting it to the mid-jejunum. Substantially reducing the size 
of the stomach limits the amount of food that a patient can ingest, 
and bypassing part of the small intestine additionally decreases 
macronutrient absorption. Unfortunately, Roux-en-Y gastric bypass 
also prevents micronutrient absorption in the small intestine, thereby 
predisposing individuals to nutrient deficiencies to a greater extent 
than sleeve gastrectomy. Nevertheless, overall, Roux-en-Y gastric 
bypass promotes weight loss and improved metabolic profiles.
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GLP-1 receptor agonists. GLP-1 receptor agonists (GLP-1RAs) mimic 
the endogenous peptides to activate the GLP-1 receptor, thereby reduc-
ing appetite, lowering energy intake and promoting weight loss182  
(see the ‘Effects on the hypothalamus’ section above). Although 
originally developed as an antidiabetic medication to improve 
hyperglycaemia183, these synthetic peptides were also shown to provide 
cognitive benefits in individuals with T2D184. GLP-1RAs are now widely 
used to treat obesity185, and they might offer the same neurocognitive 
benefits in people with obesity-related cognitive impairment. Cur-
rent GLP-1RAs vary slightly with regard to parameters such as dosing 
frequency and efficacy, but they all target the same pathway, so for this 
Review we assessed the literature regarding all GLP-1RAs.

In the brain, GLP-1RAs regulate satiety by acting on hypothalamic 
neurons82,186 and surrounding microglia86. In preclinical models, these 
peptides improve obesity-related cognitive impairment induced by an 
HFD187–189 or genetic mutations190. In humans, GLP-1RAs reduce cogni-
tive impairment191, and their cognitive benefits seem to be independent 
of weight loss, as they were not observed in individuals who achieved 
comparable weight loss with lifestyle interventions such as dietary 
counselling and exercise192. Some evidence suggests that longer expo-
sure to GLP-1RAs results in greater improvement in memory192; how-
ever, this observation might not translate to all GLP-1RA medications191, 
and short-term interventions have yet to be investigated. In addition, 
as obesity and T2D are often comorbid, few studies have examined 
changes in cognitive impairment following GLP-1RA treatment in obese 
populations without T2D. An ongoing clinical trial (NCT06072963) is 
addressing this gap by assessing cognitive function as a primary out-
come of GLP-1RA treatment in people with isolated obesity or MetS, 
excluding those with diabetes.

Global studies encompassing all individuals who have been treated 
with GLP-1RAs, including for obesity, report a reduced incidence of 
dementia in this patient population193–195. Many of the cohorts included 

patients with additional conditions, such as diabetes, but the findings 
suggest potential neuroprotective effects of GLP-1RAs across diverse 
clinical populations. These observations have prompted clinical tri-
als evaluating GLP-1RAs in individuals with MCI or Alzheimer disease 
(NCT04777396, NCT04777409 and NCT01843075)196,197, although the 
early findings suggest little to no effect on dementia198,199. The poten-
tial mechanisms of these therapeutics were recently discussed at the 
National Academies Workshop ‘Examining Glucagon-Like Peptide-1 
Receptor (GLP-1R) Agonists for Central Nervous System Disorders’200 
in 2025 and are a major focus of ongoing research201.

Other GLP-1RA-like peptides. Gastric inhibitory polypeptide  
(GIP)/GLP-1 dual agonists contain synthetic forms of the endogenous 
GIP and GLP-1 peptides, and, like GLP-1RAs, they reduce appetite 
and promote weight loss202. GIP/GLP-1 dual agonists are relatively 
new, so studies examining their effects on obesity-related cognitive 
impairment are limited. Nevertheless, a retrospective analysis indi-
cated that individuals treated with GIP/GLP-1 dual agonists exhibited 
reduced rates of dementia195. Further research is needed to determine 
whether these medications protect against cognitive impairment, 
and ultimately dementia, in people with obesity, but the available 
data suggest that they show promise as a therapeutic strategy in this 
context.

A novel N-methyl-d-aspartate receptor antagonist has been devel-
oped that uses GLP-1RA-like delivery to minimize adverse effects and 
facilitate weight loss by upregulating genes related to synaptic activ-
ity within the hypothalamus203; however, it remains in preclinical 
development, and its influence on cognitive impairment has yet to be 
investigated. Other peptide hormones, such as bone morphogenic 
protein/retinoic acid-inducible neural-specific 2-related peptides204, 
show promise for the treatment obesity, but their direct cognitive 
effects and clinical translatability remain unknown.

Table 1 | Studies of GLP-1RAs in people with or without obesity and/or T2D

Study Participant numbers 
and age

Location Intervention and duration Cognitive tests or study tools Main findings

Cukierman-Yaffe 
et al.191

8,828 people with 
T2D aged ≥50 years

Global At least 6 months of 
dulaglutide or placebo

Montreal Cognitive Assessment, 
Digit Symbol Substitution Test

Reduced cognitive impairment 
in the dulaglutide group

Lin et al.195 60,860 people with 
T2D and obesity) 
aged ≥40 years

USA Retrospective study of 
semaglutide and tirzepatide 
versus other antidiabetic 
drugs with variable follow-up 
duration

NA; risk incidence Reduced incidence of 
dementia in people treated 
with GLP-1RAs compared with 
other antidiabetic drugs

Nassar et al.194 230,782 people with 
T2D or obesity aged 
≥18 years

Global Retrospective study of 
unspecified GLP-1RAs with 
5-year follow-up

NA; risk incidence Reduced incidence of dementia 
and AD

Siddeeque et al.193 205,870 people 
with obesity 
aged ≥18 years

Global Retrospective study 
of individuals treated 
semaglutide, dulaglutide 
or liraglutide versus 
control individuals with 
variable follow-up duration

NA; risk incidence Reduced incidence of dementia 
(Alzheimer disease, Lewy body 
dementia or vascular dementia) 
in GLP1-RA-treated participants

Vadini et al.192 40 people with 
obesity and 
prediabetes or 
early T2D aged 
49–64 years

Italy 3–12 months (depending on 
achievement of target weight) 
of liraglutide versus lifestyle 
counselling

Trail-Making Test A, Trail-Making Test 
B, visual search matrices, forward 
digit span, ROCF direct copying, 
ROCF-recall delayed reproduction 
trial, phonemic verbal fluency task

After losing the same weight, 
liraglutide was more effective 
at improving memory than the 
lifestyle invention; more time 
on drug correlated with better 
memory function

GLP-1RA, glucagon-like peptide 1 receptor agonist; NA, not applicable; ROCF, Rey–Osterrieth complex figure; T2D, type 2 diabetes.
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Knowledge gaps and future directions
Despite considerable progress, additional work is necessary to clarify 
the clinical and translational mechanisms underlying obesity-related 
cognitive impairment and to identify effective interventions.

Clinical research
Clinical studies so far support a relationship between obesity and cog-
nitive impairment. However, fully elucidating the effects of obesity on 
cognition is challenging owing to the presence of many confounding 
variables, such as sex; obesity-related cardiometabolic comorbidities 
(for example, MetS and MetS components, including T2D, hyperten-
sion, dyslipidaemia and inflammation); comorbid medical conditions 
(for example, depression and sleep disorders such as sleep apnoea); 
lifestyle factors (for example, sedentary behaviour, physical inactivity, 

dietary habits, smoking and alcohol intake); and socioeconomic factors 
(for example, education, income and social disadvantage). Although 
studies have adjusted for many of these factors to varying extents, 
comprehensively accounting for them to determine the direct effects 
of obesity on cognition is difficult. Studies should adopt a longitudinal 
design to account for BMI trajectories throughout the life course, with 
a special emphasis on childhood as well as midlife to late-life BMI transi-
tions, as cognitive impairment secondary to obesity might occur early 
and influence the risk of dementia in later life. Longitudinal studies 
will also facilitate evaluation of the bidirectional relationship between 
cognitive issues and obesity.

Dementia is around 1.3 times more prevalent in women than in 
men205, partly owing to the longer life expectancy of women8 but pos-
sibly also because of biological factors such as menopause. Menopause 
induces hormonal changes that promote weight gain and central 
adiposity206, which, as risk factors for cognitive impairment, might 
predispose post-menopausal women to dementia. Moreover, oestrogen 
exerts numerous neuroprotective effects207, and levels of this hormone 
diminish during menopause. Although findings are mixed regarding 
dementia in older women compared with men across various obesity 
metrics and dementia subtypes6,42,54–56, some studies in post-menopausal 
women report that obesity and prior menopause symptoms208 correlate 
with an elevated risk of cognitive impairment, potentially driven by 
interactions between menopause and vascular risk factors209. Overall, 
the evidence points towards an elevated risk of obesity-related cogni-
tive impairment in post-menopausal women, but studies are sparse and 
additional research is necessary to fully understand the relationship.

Trajectory-based analyses of obesity over the life course represent 
an important direction for future research. In adults, BMI trajectories 
from midlife to late life seem to be crucial; however, some of the data 
are conflicting (see the ‘Obesity and cognitive impairment’ section). 
Whether similar trajectories exist in childhood obesity and whether 
they predict obesity and cognitive impairment in adulthood is currently 
unclear. More research is needed across the lifespan in both sexes and 
in different racial and ethnic groups to fully define the relationship. 
Regardless, obesity prevention should remain a central priority, with 
a particular emphasis on targeting children and young adults.

Preclinical and translational research
The neurobiological impact of obesity is highly dependent on biologi-
cal context, with age and sex having crucial roles. In aged rodents, an 
HFD exacerbates microglial reactivity and dysregulates the hippocam-
pal cytokine balance, resulting in more severe learning deficits and 
anxiety compared with younger animals106,210. In addition, young and 
aged HFD-fed male mice exhibit deficits in fear conditioning, whereas 
young female mice seem to be relatively resilient to these specific 
cognitive impairments85. More research is needed to disentangle the 
effects of ageing and sex on obesity-related cognitive impairment. 
Preclinical studies must also determine the mechanistic drivers of 
obesity-related cognitive impairment, both within and outside the 
brain, while addressing the differences between lifestyle (for example, 
HFD) and genetic (for example, leptin-based) models of obesity and 
obesity with comorbid T2D and how they translate to the clinic. These 
preclinical models might not accurately replicate human obesity and 
its related comorbidities67,211. In addition, genetically homogenous 
rodent models do not reflect the heterogeneity of the human popu-
lation. Therefore, future studies should explore the use of multiple 
preclinical models of obesity, including outbred models, to explore 
the translatability of preclinical findings.

Box 5 | From research to real-world benefits
 

Obesity rates are rising globally, with a parallel increase in the 
number of individuals affected by obesity-related cognitive 
impairment and eventual dementia. These issues warrant further 
investigation into brain health in obese populations to mitigate 
the future burden of dementia. Clinical research is needed to 
better clarify the relationship between obesity and cognitive 
impairment, while basic and translational research should improve 
our understanding of the mechanisms underlying obesity-related 
cognitive impairment.

From the clinical research perspective, large population-based, 
longitudinal prospective studies will be required to comprehensively 
examine obesity and cognitive impairment trajectories and fully 
account for potential confounding from factors that are frequently 
comorbid with obesity. As obesity is increasingly affecting younger 
populations, studies must emphasize the impact of obesity on brain 
health across the life course. Moreover, as obesity is a global issue, 
studies should include ethnically and socioeconomically diverse 
populations.

Regarding the underlying mechanisms, cognitive impairment  
secondary to obesity has a complex and multifactorial 
pathophysiology, spanning neuronal dysfunction, glial activation, 
metabolic stress, vascular dysfunction and chronic inflammation. 
An urgent need exists to disentangle the pathways that drive 
obesity-related cognitive impairment and to identify specific causal 
mechanisms that could be amenable to therapeutic intervention. 
Leveraging advances in preclinical models combined with 
multiomic approaches will be essential to identify key drivers of 
obesity-related cognitive impairment and enable the development 
of targeted therapies.

In the clinical care sphere, emerging interventional studies 
on anti-obesity approaches suggest that obesity-related 
cognitive impairment marks an early and potentially reversible 
stage before severe neurodegeneration occurs. Weight-loss 
interventions spanning lifestyle, surgical and pharmacological 
approaches, including GLP-1RAs, are being explored for their 
therapeutic potential, with possible translation to future clinical 
care. A key future challenge will be to identify personalized 
therapeutic strategies for cognitive impairment, probably 
involving a combination of lifestyle, surgical and pharmacological 
interventions tailored to individual patients.
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Therapy development and prevention
Measures to prevent obesity are an important priority, as obese indi-
viduals are at increased risk of dementia irrespective of weight loss. 
Nevertheless, for individuals who have already developed obesity, 
weight-loss interventions could help to mitigate obesity-related cogni-
tive impairment. Many interventional studies so far have been short 
in duration, ranging from a few weeks145,151 to several months149, and, 
therefore, provide limited insight into long-term benefits or sustained 
effects. Longitudinal studies are required to assess both the long-term 
efficacy and potential adverse effects of these interventions. In addi-
tion, improved reporting of obesity-related comorbidities will enhance 
translatability to the general population (see the ‘Clinical research’ 
section above), as many individuals present with multiple comorbid 
conditions in addition to obesity.

Weight-loss interventions need to be explored across the lifespan. 
Many current studies focus on older adults (>65 years)147,149,191 with pro-
gressive obesity (BMI ≥35 kg/m2; class 2 and above)148–150,192,195. Although 
studies in childhood obesity have generated promising results, inves-
tigations in young or middle-aged adults have been limited by small 
sample sizes (n < 50)150. In addition, examining individuals with less 
severe obesity might help us to determine whether earlier intervention 
is more effective. Furthermore, whether early-life interventions provide 
greater protection than later-life interventions against obesity-related 
cognitive impairment and dementia remains to be determined.

Given that the pathophysiological effects of obesity often paral-
lel those of ageing, senotherapeutic strategies could hold promise 
for mitigating obesity-related cognitive impairment212. Although the 
cognitive outcomes were mixed, preclinical studies using senolytics 
in mouse models of obesity demonstrated clearance of senescent 
glial cells and improvements in anxiety-like behaviour213. Moreover, 
senomorphic drugs, which modify senescent cells to reduce their harm-
ful effects, were shown to rescue cognitive function in HFD-fed rats214. 
Collectively, these findings suggest that senotherapeutics have poten-
tial for alleviating the cognitive consequences of obesity, although 
further investigation is required to fully understand their impact on 
obesity-related cognitive impairment.

The comparative and combinatorial effects of different inter-
ventions on cognitive impairment in individuals with obesity remain 
poorly understood. Few studies have directly compared approaches 
(for example, diet versus exercise159 or exercise versus bariatric 
surgery153); thus, the optimal regimen has not been established. Com-
bined interventions could have additive or synergistic effects on 
obesity-related cognitive impairment. For example, healthy dietary 
strategies and exercise are commonly recommended alongside GLP-1RA 
treatment215. However, financial or social barriers faced by lower-income 
individuals impose challenges to adopting lifestyle interventions, such 
as diet and exercise, and development of accessible strategies that are 
applicable to the entire global population should be prioritized.

Conclusion
Collectively, the clinical and preclinical evidence that we have summa-
rized in this Review supports a direct relationship between obesity and 
cognitive impairment. Obesity is a global epidemic, and obesity-related 
cognitive dysfunction represents a key consequence. Furthermore, 
obesity increases the risk of dementia. Children could be at risk of 
obesity-related cognitive impairment in later life if their obesity is not 
addressed, although further studies are required to fully understand 
the factors and mechanisms that drive these risks. Longitudinal stud-
ies will be vital to assess the effects of BMI trajectories throughout 

the life course on cognitive function, with a particular emphasis on 
midlife to late-life BMI transitions. Strategies to target obesity, such 
as lifestyle, surgical and pharmacological interventions, might help 
to mitigate cognitive impairment. Bridging the research gaps that we 
have identified in this Review will advance the field of obesity, brain 
health and cognition, with the aim of curbing the anticipated future 
global burden of dementia (Box 5).
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