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Executive summary 
As people continue to live longer the who livenumber of people with dementia continues to rise.  There is 

growing and stronger evidence that tackling many of the risk factors for dementia which we modelled previously 

(less education, hearing impairment, hypertension, smoking, obesity, depression, physical inactivity, diabetes, 

higher alcohol consumption, traumatic brain injury (TBI), air pollution and social isolation) reduces the risk of 

developing dementia. There is now additional, compelling evidence that uncorrected vision impairment and high 

LDL- cholesterol (low density lipoprotein) are risk factors for dementia. Importantly, reducing the risk of 

dementia increases healthy years of life and compresses the duration of ill health for people who develop 

dementia.   

We have completed new meta-analyses, reviewed the most recent literature on worldwide risk and generated a 

comprehensive life-course perspective of dementia prevention incorporating these 14 risk factors.  The potential 

for prevention is high and, overall, the 14 risk factors account for around half of worldwide dementias (49%) 

worldwide which theoretically can be prevented by eliminating these risk factors. This is very hopeful and 

although change is difficult and some associations may be only partly causal, our new evidence synthesis shows 

how individuals can reduce their dementia risk and that policy interventions can improve dementia prevention. 

This is particularly so in low and middle-income countries (LMIC), and minoritised and lower socio-economic 

groups where people currently have a highern increased  burden of modifiable risk and are more likely to 

develop dementia.  

All children should be educatedschooled, and longer duration of education is beneficial. It is important to be 

cognitively, physically and socially active in mid- and late-life, with evidence showing that mid-life cognitive 

activity makes a difference even in those who received little education. The evidence is now much better that 

treating hearing loss and depression decreases the risk of dementia. Using hearing aids for hearing loss appears 

particularly effective in those with other risk factors who are more likely to developthat are associated with risk 

of dementia. Policymakers should also improve air quality, through reducing air pollution, particularly in areas 

with higher pollution. Traumatic Brain InjuryI at any age, and from any source continues to be a risk factor for 

dementia and there is now better evidence that this is true in contact sports. Protection from head injury, for 

example, by appropriate head protection equipment, limiting heading practice in sports training and high-impact 

collisions, and preventing playing immediately after TBI, should now be an individual and public health priority.     

Prevention approaches should aim to decrease risk factor levels early enough (the earlier, the better) and keep 

them low throughout life (the longer, the better). While starting early is desirable, there is benefit from tackling 

risk throughout life: and it is never too early or too late to reduce dementia risk. There is also evidence too that 

risk can be modified whatever the genetic status and that these changes are often cost saving.    

For those living with dementia, interventions post-diagnosis help, including maximising physical health and 

planning for the future.  Interventions should be individualised and consider the person’s life circumstances, 

including their family carers. Multicomponent psychosocial interventions for family carers and managing 

neuropsychiatric symptoms are important and should be person-centred. They benefit people and should be 

available to all but are frequently not. 

Cholinesterase inhibitors for Alzheimer’s and Lewy Body dementias have some long- and short-term effects and 

should also be available. It is exciting and hopeful that some trials have reported positive cognitive effects with 

anti-amyloid infusions which reduce amyloid in the brain. These have a small effect in reducing deterioration 

after 18-months of treatment, but they are expensive, burdensome to use and have harmful side -effects. The 
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We do not know about longer term effects remain unclear, and longer follow-ups are needed to draw 

conclusions on efficacy. 

Amyloid beta and tau biomarkers in those with dementia help confirm the diagnosis of Alzheimer’s Disease. 

Biomarkers without dementia are not enough to diagnose or treat. Most people with positive biomarkers but 

without cognitive impairment will may not develop dementia over their lifetime. The vision ofResearch on blood 

biomarkers as a scalable, cost-effective diagnostic tool  test to predict specifically who will develforop dementias 

is progressing but remains to be validated in population settingsis not realised.   

Strapline 

The substantial advances in understanding risk, and pharmacological and non-pharmacological interventions in 

dementia means implies that now more than ever we can prevent, detect, diagnose and treat dementia, 

improving life for individuals, families and society. 

Key messages 

Two new modifiable risk factors for dementia 

• New evidence supports adding vision impairment and high cholesterol as potentially modifiable risk factors 
for dementia to add to the 12 risk factors identified in our 2020 Lancet Commission (less education, head 
injury, physical inactivity, smoking, excessive alcohol consumption, hypertension, obesity, diabetes, hearing 
impairment, depression, infrequent social contact and air pollution).  

14 risk factors account for 49% of the risk for dementia. Modifying them may prevent or delay dementia. 

• Be ambitious about prevention. Prevention involves both policy changes at national and international 
governmental levels and individually tailored interventions. Population-based policy should prioritise equity 
and ensure that high risk groups are addressed.  Actions to decrease dementia risk should begin early and 
continue throughout life. Risk is clustered in individuals and interventions therefore will often be 
multicomponent. 

• Risk is modifiable irrespective of genetic status. Multicomponent interventions may potentially benefit 
individuals with either high or low genetic dementia risk. 

Specific actions to reduce dementia risk across the life course. 

• Good quality education for all. Cognitively stimulating activities in midlife also protect cognition.  

• Hearing aids to be accessible for people with hearing loss. Reduce hearing loss by lowering harmful noise 
exposure. 

• Treat depression effectively. 

• Encourage use of helmets and head protection in contact sports and bikes 

• Encourage exercise. People who participate in sport and exercise are less likely to develop dementia. 

• Reduce cigarette smoking by education, price control and preventing smoking in public places. Make 
smoking cessation advice accessible.  

• Reduce hypertension from mid-life. Aim to prevent hypertension and maintain systolic BP of 130 mm Hg or 
less from age 40 years. 

• Detect and treat high cholesterol (low density lipoprotein cholesterol, LDL-C) from midlife. 

• Maintain healthy weight. Treating obesity as early as possible also helps prevent diabetes. 

• Reduce high alcohol consumption through price control and increased awareness of levels and risks of over 
consumption. 

• Prioritise age-friendly and supportive community environments and housing.  Participation in activities and 
living with others reduces risk from social isolation. 

• Make screening and treatment for vision impairment accessible for all. 

• Reduce exposure to air pollution. 
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For those with dementia, recommendations are: 

• Interventions post-diagnosis help people to live well with dementia, including planning for the future. 

Multicomponent coping interventions for family carers and managing neuropsychiatric symptoms are 

important and should be person-centred. They benefit people and should be available to all. 

• Treat specific and general neuropsychiatric symptoms. Activity interventions are important to maintain 

enjoyment and purpose for people with dementia and reduce neuropsychiatric symptoms. There is no 

evidence for exercise as an intervention for neuropsychiatric symptoms.  

• Cholinesterase Inhibitors (ChEIs) and memantine for Alzheimer’s disease are cheap with relatively few side 

effects. They attenuate cognitive deterioration to a modest extent.  There is good evidence that they have 

an effect for years, and they should be offered. They are readily available in HICs but less so in LMICs.   

• Progress has been made in disease modifying treatment for Alzheimer’s disease with trials showing some 

efficacy in reducing deterioration after 18-months of treatment. These findings are exciting and give hope, 

but effects are small, and drugs have been trialled in people with few other illnesses. They have serious side 

-effects and we do not have data about longer term effects. Their expense and precautions which must be 

taken, both of which have resource implications for staff, scanning and specialist blood testing will reduce 

their use now. There is now a glimmer of possibility about future accessible, cheap, and effective medication 

for at-risk younger and middle-aged people.  

• Biomarkers in those with dementia help confirm the diagnosis of Alzheimer’s Disease. Biomarkers without 

dementia are not enough to diagnose or treat. Most people with positive biomarkers but without cognitive 

impairment will not develop dementia over their lifetime. They are only validated in largely white 

populations, limiting generalisability and raising health equity concerns. 

• Covid-19 exposed the vulnerability of people with dementia. We need to learn from this and protect those 

with dementia as their (and their families) lives and wellbeing have been valued less than those without 

dementia. 
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Introduction 

We reconvened the Lancet Commission on dementia prevention, intervention, and care 1 2  with the aim of 

influencing policy, knowledge, clinical practice and the research agenda.  There has been exciting progress in 

dementia prevention, diagnosis, drug and non-pharmacological treatment. There is now more that can and 

should be done to prevent dementia and to help people living with dementia and their families. Our 

interdisciplinary, international, multicultural group of experts adopted a triangulation framework, prioritising 

systematic reviews and meta-analyses, performing new meta-analyses where needed and debated and agreed 

on the best available evidence and its consistency. We identified advances likely to have the greatest impact, 

performed new work to allow us to calculate potentially modifiable risk factors for dementia, 2 3 report our new 

analyses, and consolidate current knowledge. We summarise the balance of evidence about prevention, 

intervention and care.   

The number of people living with dementia worldwide in 2019 was estimated at 57·4 million and is projected to 

increase to 152.8 million by 2050.4  The overall numbers of people with dementia has increased more in lower 

income countries due to greater longevity. 5 6  

In this third Lancet Commission on dementia report, we specifically consider populations in both high-income 

countries (HIC) and low- and middle-income countries (LMIC), and underrepresented, underserved and 

minoritized communities in all countries where evidence is available.  However, the evidence is still 

disproportionately from HIC. Interventions may also be more likely in HIC as they depend on resource 

availability,  despite potentially being cost-saving.7  Most countries’ national dementia plans (31/46) do not 

make specific recommendations for the consideration of diversity, equity or inclusion of those from 

underrepresented cultures and ethnicities,8 and those that do usually confine their recommendations to 

interpretation of cognitive tests.9 As we set out below, considering these factors for those of all cultures and 

ethnicities in all types of dementia is essential to target help to those who need it most.  

Prevention 

There has been an explosion of work on dementia prevention and risk reduction relating to reducing the 12 
factors that we identified in our Lancet commissions (2017, 2020), with the potential to prevent 40% of cases of 
dementia (less education, hearing loss, hypertension, physical inactivity, diabetes, social isolation, excessive 
alcohol consumption, air pollution, smoking, obesity, traumatic brain injury, depression).2  We discussed 
mechanisms for the 12 risk factors in our previous commission which indicated that risk at any age might be 
reduced.  
 
Here we update the evidence and consider other potential risk factors. We use a lifecourse approach to 
understand how to reduce risk or prevent dementia, as many risks operate at different timepoints in the 
lifespan. For example, obesity and high blood pressure (BP) represent risk factors in mid-life but in late-life may 
reduce if people are developing mild cognitive impairment (MCI) and dementia.10 11 As before, we look for 
potential risk factors with high-quality, consistent, dose respondent, validly measured evidence, which precedes 
dementia and remain when measured a decade or more before dementia onset. We only include those with 
convincing evidence, while acknowledging there are likely to be other risk and protective factors. We discuss 
new biologically plausible evidence about mechanisms linking a risk factor to dementia and with this new 
evidence, we summarise previous evidence about mechanisms for balance. We also discuss if evidence is from 
diverse populations and therefore generalisable, and if there is evidence that intervention makes a difference.  
 
Compression of morbidity  
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Data from some HIC suggests a decline in age-specific incidence rates 12 highlighting the importance of 
prevention. Where these have examined the relationship with deprivation, the decline is primarily in those in 
socio-economically advantaged areas.12 This suggests that many dementias are potentially preventable but age-
specific rates may increase if risk factors, such as diabetes or obesity, prevalence increases and this may be 
particularly in those with less education.13 Those with a healthy  lifestyle, involving regular exercise, not 
smoking, avoiding excess alcohol, and late life cognitive activity, not only had a lower risk of dementia, but 
dementia onset was also pushed back further than life expectancy prolongation. 14  Overall those living healthier 
lives can expect to live longer, and if they develop dementia live less years with it – with significant quality of life 
implications for individuals and cost-saving implications for services. 
 

Cognitive vulnerability, brain maintenance and cognitive reserve 

As we discussed in the last commission, neuropathological changes do not inevitably lead to dementia. Most 

older people with dementia have several types of neuropathology. One study of six community cohorts, 

comprising 4,354 people aged >80 who had died in the US or UK, analysed six types of neuropathology and 

found 91% of people died with two or more types of neuropathology.15 The more types of neuropathology 

people had the more likely they were to have dementia (see figure 1) but some people with many 

neuropathologies had not developed dementia.  

The ability to withstand neuropathology before showing the symptoms of dementia is described as cognitive 

reserve. People who are physically healthier are better able to withstand the effects of neuropathology. 16  Thus, 

while the age-related incidence of dementia has decreased in some countries over the last 25 years, one post-

mortem study showed no differences in neurodegeneration but a reduction in vascular pathology.17  A 

systematic review found that physical, cognitive and social activities increase cognitive reserve and attenuate 

the effect of neuropathology. 18 Overall, greater cognitive and physical reserve16 developed across the lifecourse, 

preserving cognitive health despite neuropathology, and less vascular damage are likely to have contributed to 

the reduced age-related dementia incidence.19 However, the numbers of people with dementia continue to rise 

due to population ageing.  
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Figure 1 Co-occurrence of six key neuropathologies by clinical dementia status from data pooled across five 
cohorts (ACT, CC75C, CFAS FHS, and ROSMAP) with permission 15 LATE-NC= Limbic-predominant age-related 
TDP-43 encephalopathy 
 

The challenges of research into prevention in dementia 

Effects of the long prodrome before dementia 

The long preclinical phase of some dementias over more than a decade is characterised by progressive 

neuropathological changes, like amyloid or tau before Alzheimer’s dementia (AD), which have initially little 

cognitive effects but this increases over the years.20 There may be changes in behaviour and health long before 

dementia is apparent or diagnosed, so potential risks identified in the few years before dementia could be either 

or both of a true causal effect or reverse causation.  In addition, memory impairment may affect self-report 

about cognitive impairment or behaviour in the few years before dementia.  

Even when studies report the mean cohort follow-up time, this may vary between those who develop dementia 

(as it is censored at dementia onset) and those who do not. Future studies should report the mean follow-up of 

those who develop and do not develop dementia separately or test the effect of excluding incident cases which 

develop within 5-10 years of follow-up.  

Causes of dementia 

Strokes (including those caused by atrial fibrillation), Parkinson’s disease, HIV and syphilis, are causes of 

dementia rather than risk factors, and we do not include them here as risk factors. Vascular dementia is usually 
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related to stroke (and is specified in the diagnostic criteria) and happens more often in people with many 

potentially modifiable risk factors, such as smoking and diabetes. 21 

Length and timing of exposure to possible risk factors 

The duration and timing of exposure to possible risk may be important with recent studies finding, for example, 

that mid-life diabetes is a risk factor for dementia, but late-life diabetes onset is not. 22 It is unclear whether this 

is because of shorter duration of exposure in those who develop it in late-life, more severe diabetes or whether 

there is a critical period of exposure. It may be if people with late-life diabetes live long enough, they may also 

be at greater risk of dementia.  

Clustering of risk factors 

People often have several risk factors which may act together, and this clustering of risk factors means it is 

important to consider communality.  We have chosen to consider risks individually and correct for communality, 

rather than consider different risk profiles. 

Diversity, Equity and Inclusivity 

We have previously considered prevention on a global level using international data on prevalence of risk factors 

and relative risks (RR) from meta-analyses where possible.1 2 Consideration of equity is important, not only 

ethically but also to inform intervention targeting and accessibility to maximise preventative impact. Many ‘big 

data’ sources from volunteers exclude those most at risk.23 Cohort studies of dementia risk factors and therefore 

meta-analyses are overwhelmingly from HIC, and within these cohorts recruit people of European origin, more 

education, and higher socioeconomic status, with few people from minority ethnic groups. This also applies to 

clinical trials and for both may relate to exclusion criteria, specifying other significant medical and psychiatric 

illnesses, lack of a study partner, inability to shoulder research participation burden and lack of local language 

fluency. 24 25 Risk factor prevalence varies between countries26 as well as within countries.27 Underserved ethnic 

groups, such as the Māori group in New Zealand, First Nation groups in Australia, Black individuals in the US and 

UK, and Hispanic individuals in the US, have higher prevalence of potentially modifiable risk factors.28-35 

Furthermore, the literature and therefore our commissions have assumed that the impact of having each risk 

factor is the same for everyone. However cardiovascular disease research has found that the effect of, for 

example, high BP effect on the risk of stroke is greater in minority ethnic groups in the UK compared to the 

White British population and risk factors effect for dementia may vary between ethnic groups.36 37    

Socio-economic status 

The effect of socioeconomic status (SES) on prevalence of some risk factors can vary between countries. There is 

a higher prevalence of hypertension, diabetes, obesity, physical inactivity, smoking, excessive alcohol, less 

education, traumatic brain injury (TBI) and exposure to air pollution in those from lower SES groups in HIC,  and 

with lower  income level.38-40  In LIC, reported lower prevalence of obesity or diabetes in those with less wealth 

or education is inconsistent.41 42  Social isolation is seen less in some LIC. 34   

Female sex  

Findings about the effect of being male or female on risk of dementia are inconsistent.43-45 Women have higher 

age-adjusted dementia incidence rates than men in some but not all countries. An individual participant meta-

analysis found widely varying results in individual countries. 46 Overall 21 cohorts with 29,850 participants in 

across Africa, Asia, Europe, North America, Australia and South America found an HR of 1.12 (1.02, 1.23) of 

women compared to men. The first nationally representative dementia prevalence estimates in India found 

higher prevalence in women, people with less education, and rurality. 47 48 In both HICs and LMICs there is 

evidence that risk is related to other factors than biological sex. It has been hypothesised that longer life span, 
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less educational attainment and reduced oestrogen in postmenopausal women could cause sex differences in 

dementia development. A representative nationwide study in Japan of 2200 adults followed from age 60 for 12 

years or until death, found that lower educational attainment and domestic work or manual labour occupations 

accounted for women’s lower baseline cognitive scores and more cognitive decline over the years of follow-up. 
49  A UK study of 15,924 participants found that women born more recently were catching up with men’s higher 

memory and fluency scores, as women’s access to education increases.50  Analysis of 70,846 people aged ≥60 

years in US, Mexico, Brazil, China, and India found adjustment for education attenuated men and women’s 

cognitive difference and eliminated it in the high education group in high and middle-income countries.51  

Methods to consider causality. 

While randomised controlled trials (RCTs) are the gold-standard in establishing intervention effectiveness, and 
therefore causality of risk factors, they are often impractical in this area. Trials may require decades of 
intervention and follow-up before dementia occurs, leading to prohibitive costs and bias because of selective 
drop-out. It may be unethical or impossible to randomise people. Quasi-experimental or ecological studies may 
add to the evidence. 52 One approach is to study the effects of intervention implemented at a particular time, 
such as reduction in air pollution or increase in education for a whole population. Another is Mendelian 
randomisation (MR) analyses which we have, for the first time, incorporated in our triangulation framework 
where possible to help to establish causation. MR is a causal inference method, based on alleles being randomly 
allocated at conception and their association with a risk cannot be caused by a later disease. However, they 
assume that behaviours and mood are partly genetically driven and can only be used where there is sufficient 
genetic diversity influencing a particular risk factor in the population studied. MR is also limited by factors such 
as survival bias, which is likely to account for controversial MR findings which are in the opposite direction to 
RCT findings. 53 54  

Implications  
Dementia prevention efforts should take a nuanced and tailored approach for different groups and seek to 
reduce structural and sociocultural barriers to engagement of higher risk groups. Trials and research databases 
should aim for sociodemographic diversity to reflect real life populations.  

Specific potentially modifiable risk factors for Dementia 

In the next sections, we briefly describe relevant newly published and illustrative research studies that add to 

the 2020 commission’s evidence base about preventative and risk factors for the development of dementia. We 

discuss where in the life course  the evidence suggests they begin to be important.2 While some risk factors, like 

hypertension have a changing meaning during the life course, others continue to be important from early or 

midlife to older age.  We summarise potential mechanisms of protection from dementia in Figure 2. 
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Figure 2. Possible brain mechanisms for enhancing or maintaining cognitive reserve and risk reduction of 

potentially modifiable risk factors in dementia. 

 

Education, educational attainment and cognitive activity 

We previously reported that those with more childhood education and higher educational attainment are at a 

reduced dementia risk, and discussed whether effects of later cognitive stimulation might be due to people with 

more education having more cognitively stimulating occupations.2 Differences in the quality of education, as 

measured by reading levels at age 14 to 15, have been estimated to account for about half of the US disparities 

in dementia prevalence across racial groups.55 Overall, It appears to be educational attainment, rather than the 

related years of education, which drives the protective effect for future cognition and dementia. 56 57 

In China, studies 20 years apart, using the same methods and area, find that dementia incidence and prevalence 

has increased specifically in those with less than 6 years of education. 58  In the US there has been a decline in 

dementia, as both Black and White people have more education, with the prevalence falling more steeply in 

Black people aged 65 to 74 years, in line with the greater improvement in education.59 In Asian Americans 

attaining a university degree is associated with lower dementia risk.60  

A study of 107,896 people from HIC followed for 13.7-30.1 years found a lower risk of dementia in participants 

with high compared with low cognitive stimulation at work (10-year follow-up HR= 0.79, 0.66 – 0.95).61 Those 

with high cognitive stimulation at work but little education had an 80% (0.66-0.97) risk of dementia and those 

with high cognitive stimulation and high education had a 63% (0.49-0.82) risk, compared to those with little 

education and low work cognitive stimulation (see Figure 3). There were similar results in a study from Asia, 

Australia, Europe, and North America following 10,195 people for 3.9 -6.4 years, where both high school 

education and occupational complexity were independently associated with increased dementia-free survival 

time, with 28% of the effect of education mediated by occupational complexity.62 However, a US study found 

that years of schooling predicted protection against the effect of MRI white matter lesions in White but not 
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Black people.  63 Globally, educational attainment has increased over time but remains relatively low in some 

countries, so is of great relevance when considering dementia prevention and overall health. 64 

 

 

 

 

 

      

      

With permission Figure 3 Association of cognitive stimulation over the life course with incident dementia 61 

Mechanism 

Higher cognitive stimulation has been associated with cognitive reserve and the ability to maintain this through 

multiple mechanisms. These include the level of circulating proteins to allow brain repair, 61 greater efficiency of 

and less decline in functional brain networks,65 66 increased occupational attainment linked with improved 

financial situation leading to choices about where to live, better physical health through better health care 

access and health awareness, and other health promoting behaviours. An MR study found a causal, bidirectional 

relationship between intelligence and educational attainment.67 The effect of years of education (measured by 

genes predicting this) was mediated by intelligence (measured by genes linked to IQ). 

Education and cognitive interventions in normal cognition and mild cognitive impairment 

In the previous Lancet commission, we reported that trials of computerised cognitive training (CCT) in healthy 
older people and those with MCI were generally positive, but it was unclear whether CCT was of clinical value 
because of the low standard and heterogeneity of studies.68 An updated Cochrane review of CCT interventions 
for maintaining cognitive function in cognitively healthy older individuals, delivered over 12 to 26 weeks, also 
found low-quality evidence supporting immediate small benefits of CCT on global cognitive function versus 
active controls and on episodic memory versus inactive control, without evidence of persistence.69  It is possible 
that the cognitive training in these trials does not cover the breadth of cognitive function or is not intensive or 
engaging enough, or is too late in life to preserve cognitive function. Exposure to cognitive stimulation at work 
reduces risk and is of longer duration than cognitive interventions, or typically, cognitively stimulating hobbies. 
Hearing loss and hearing aids  

An estimated 20% of people globally have hearing loss, 62% of them aged over 50 years, and it is often 
untreated.70 In our previous Lancet Commissions we performed a meta-analysis of high-quality cohort studies 
with participants free of dementia but with objectively measured peripheral hearing loss at baseline. 1 2 There 
are four further meta-analyses on the association between hearing loss and subsequent dementia,  71-74 one of 
which focussed on Sinitic tonal languages.73 They all found a significant association between hearing loss and 
subsequent dementia ranging from 1.28 (1.02-1.5)71 to 2.39 (1.58 – 3.61).72   
None of these included all the criteria that we judged ensured high-quality data in our previous meta-analysis. 
These are objective measuring of hearing through pure-tone assessment, > 5 years follow-up, adjusted for age, 
cardiovascular factors and cognition or education at baseline and an overall risk for the outcome of incident 
dementia. We also excluded studies comparing populations with varying severities of hearing loss, but not 
comparing hearing loss individuals with those with normal hearing. We searched again until March 20, 2023, on 
PubMed, Ovid Embase, PsycINFO, Web of Science, Cochrane Library, PROSPERO, and Centre for Reviews and 
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Dissemination. We contacted authors for clarification as needed. We found six studies fitting the criteria (see 
appendix 1).75-80 We used results unadjusted for hearing aids as they are in the causal pathway between hearing 
loss and dementia and if not reported calculated totals. 79-81   We generated an overall HR for studies which had 
split the populations with hearing loss.76 78 79 The baseline age of study participants ranged from 59 to 77, 
average age =59. With the largest study recruiting participants at age 18 to 20 but measuring hearing status at 
mean age 59. 78  Follow-up between baseline hearing and dementia status was between 6 and 12 years (average 
7 years). In random effect meta-analysis, people with hearing loss had an increased risk of dementia compared 
to those with normal hearing (HR 1.37, 1.00-1.87, I2 =80%, n=666,370) see figure 4. Four of the smaller studies 
reported hearing aid use, and between 18 and 64.5% of those with hearing loss wore hearing aids. 75-77 80 All 
people with hearing loss were included, without considering use of hearing aids in the overall risk estimate, so it 
is conservative. In our meta-regression, we found those studies with more people who wore hearing aids had a 
lower likelihood of dementia but had wide confidence intervals (-1.32; -3.34-0.71).   
 
 

 
 
 

Figure 4 Relative risk of dementia for people with hearing impairment at baseline compared to those without 

hearing impairment.   

 
Speech-in-noise (SiN) loss is rarer and is caused by altered central auditory processing and peripheral auditory 
loss. The only large study to date where SiN was objectively measured is from UKB (n=82 039; 100 people with 
SiN loss, followed for a median of 10 years). Compared to normal hearing, impaired SiN hearing was associated 
with a 61% (HR = 1.61, 1.41–1.84) and poor SiN with a 91% (HR 1.91, 1.55–2.36) increase in dementia.82   

Mechanisms  

There are several hypothesised mechanisms as to how hearing loss might increase dementia risk. Psychosocial 

factors such as loneliness, depression and social isolation may be involved. Other mechanisms include reduced 

cognitive reserve from lack of environmental stimuli, increased cognitive resources needed for listening and an 

interaction of these risks with brain pathology.83  This is  consistent with longer exposure to hearing loss being 

associated with higher dementia risk, with maximum risk in those diagnosed with hearing loss for more than 25 

years. 84  Another postulated mechanism is that common cardiovascular pathology causes hearing loss and 



14 

dementia, when cardiovascular health status or risks would substantially account for the association between 

hearing loss and dementia risk, but this is not the case.83  

Effect of correction of hearing impairment 

This evidence raises the question of whether treating hearing loss with hearing aids can eliminate or mitigate 

this increased dementia risk. The first RCT of hearing aids recruited healthy volunteers from advertisements 

(N=739), or older adults from the Atherosclerosis Risk in Communities (ARIC, N=238) study.85   The primary 

outcome, cognition at three-year follow-up showed no overall effect (difference 0·002,  –0·08 – 0·08]). However, 

a pre-specified analysis found substantial effects in the ARIC subgroup in cognition at three years, (difference 

0·19; 0·02 -0·36). The ARIC population had greater dementia risk factors (2.8 years older, lower baseline 

cognition, smoked more, less education, more often lived alone, more likely to have diabetes and hypertension). 

Cognitive decline was higher in the ARIC group (24%) than in people who answered adverts (8%) at 3 years 

follow-up, so there was insufficient statistical power in healthy volunteers to show a difference.  Overall, there 

was a large (48%) protective effect of hearing aids on cognition in a high-risk population. We need more trials in 

other settings to confirm these findings.  The explanation of the large effect in ARIC may be that hearing aids in 

high risk groups also change social contact, low mood, cognitive stimulation and improve motivation and 

communication about medical treatment but as yet we do not have evidence of this.86 

We previously discussed the evidence that hearing aid use is protective against dementia and reduces cognitive 

deterioration rates after hearing aid use began.2 A more recent systematic review and meta-analysis of 8 cohort 

studies with 126,903 participants, followed for 2 to 25 years, reported that people with hearing impairment who 

used hearing aids had a 19% (0.76-0.87; I2 = 0%) lower risk of cognitive decline and a 17% (0.77-0.90; I2 = 0%, 4 

studies) lower risk of dementia, compared to those with uncorrected hearing impairment (see figure 5).87   

 

Figure 5. Longitudinal Association of Hearing Aid Use and Cognitive Decline. Pooled hazard ratio in random-

effects meta-analysis. seTE = standard error of treatment estimate; TE, estimated treatment effect.87 With 

permission 

A study from UK Biobank (UKB; n=437,554, not included in the above meta-analysis), similarly found that the 

increased dementia risk conferred by hearing loss (HR 1.42,1.29-1.46) was offset in those using hearing aids (HR 

1.04, 0.95 -1.10). Reverse causation was judged to be unlikely as similar findings were obtained when including 

dementia events that occurred at least 5 or 10 years after baseline. There seemed to be little effect of social 

class as the protective effects of hearing aids were consistent in groups with differing income and education 

levels as well as for those with two APOEe4 alleles.88  

In a cohort of 2114 people aged >50 years old, with self-reported hearing-impairment, 1154 had MCI and those 

that used hearing aids were at significantly lower risk of developing all-cause dementia over follow-up compared 
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to those not using hearing aids (HR 0.73, 0.61 – 0.89).89 The median time to incident dementia was 2 years for 

non–hearing aid users and 4 years for hearing aid users. 90  

The observational evidence of the benefits of hearing aids for dementia risk is increasing. Even if we only 

consider the studies with long follow up to reduce reverse causality, the evidence on hearing aids reducing 

dementia risk is consistent and supportive. Implementing hearing aids if effective in preventing dementia would 

likely be cost-saving.7 

Depression  

In the 2020 Lancet commission we concluded that the relationship between depression and dementia was 

probably bidirectional and that in the years before dementia, depression was often a consequence of preclinical 

dementia. We also noted that few studies had considered whether risk of dementia was affected by treatment. 

A new meta-analysis found depression was associated with all-cause dementia although there was a high degree 

of between studies heterogeneity (RR 1.96, 1.59-2.43; I2= 96.5%; 27 studies). 91  For this commission, we  

performed a random effects meta-analysis using the seven studies with a 10 to 14-year follow-up 91-98  and found 

an increased risk of dementia (RR 2.25, 1.69, -2.98 I2= 82.8%) see figure 6. Six studies which specified the age of 

participants had baseline average age of 63 years. Although the studies were heterogenous in the effect size, 

they consistently found a higher risk including in those which matched participants for age, sex, socioeconomic 

status and comorbidities.  Similarly, a later Danish case-control study of 246 499 adults diagnosed with 

depression at baseline, at median age 51,  found a higher risk of dementia among those diagnosed with 

depression (HR 2.41,2.35-2.47), after 20 to 39 years  (HR 1.79, 1.58-2.04) and in those diagnosed with 

depression in early, middle, or late life (18-44 years: HR 3.08; 2.64-3.58; 45-59 years: HR 2.95; 2.75-3.17; 60 

years: HR 2.31; 2.25-2.38).99 

A Swedish nationwide study of 41,727 twins, found that dementia risk was increased for both mid- and late-life 

depression: mid-life, OR 1.46 (1.09-1.95, late-life 2.16 (1.82-2.56), mid- to late-life 2.24 (1.49-3.36), and lifelong 

depression 2.65 (1.17-5.98).100  
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Figure 6 Meta-analysis of risk of developing dementia 10 to 14 years after depression diagnosis compared to 

those who were not depressed. 

Mechanisms 

In a twin study there was no difference between identical or non-identical twins, leading to the conclusion that 

the risk was not accounted for by genetic risk or early life environment, but the risk of mid-life depression was 

lower in those with more than eight years education. 100 Mechanisms linking depression to dementia risk remain 

unknown although depression is related to reduced self-care and social contact. Another hypothesised 

mechanism by which depression might increase dementia could be over-secretion of cortisol leading to 

hippocampal atrophy or inflammatory response.101 

Interventions for depression 

A UKB study of interventions for depression included 354,313 participants aged 50–70 years without dementia, 

followed up for a median of 11.9 years,102 finding that people with a diagnosis of depression (46,280) had a 

higher risk of developing dementia (HR 1.51, 1.38–1.63). Those who were treated for depression (medication 

14695, psychotherapy=2151, combination = 5281) were less likely to develop dementia than the untreated 

group (overall HR 0.69, 0.62–0.77; pharmacotherapy HR 0.77, 0.65–0.91; psychotherapy HR 0.74, 0.58–0.94; and 

combination therapy HR 0.62, 0.53–0.73). The untreated group who remitted also had a better prognosis than 

those who did not.  
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Conclusion 

Overall, these studies suggest that depression increases the risk of dementia at all adult ages, although in late 

life some of the association is caused by preclinical dementia. We are therefore classifying it as a midlife risk 

factor as that is where the risk begins. The findings about the effect of both medication and therapy treatment 

in reducing the risk now suggests it is important to treat depression both for quality of life and because it may 

reduce the risk of later dementia.  

Traumatic Brain Injury 

We meta-analysed the risk of all-cause dementia following TBI in the 2020 commission (RR 1·84, 1·54–2·20).2 
Subsequently two meta-analyses reported similar figures. The first, including 21 studies, totalling 8,684,485 
people, reported OR 1.81 (1.53-2.14) for TBI and risk of dementia. 103 A meta-analysis of 32 studies (n= 
7,634,844), which included 17 studies from the other meta-analysis, found a RR for dementia after TBI of 1.66 
(1.42-1.93). 104  Both of these studies found that younger age (<65 years) and male sex were associated with 
higher risk.  
In LMICs, TBI occurs most commonly from road traffic accidents but in HIC it is most commonly because of falls 
or violence, with alcohol a common contributory factor. 105 TBI risk is therefore linked to other health behaviours 
which are risk factors for dementia and a large (n= 32,385) national Finnish prospective longitudinal study found 
the association between major TBI (>3 days hospitalisation) and dementia was attenuated from HR 1.51 (1.03-
2.22) to HR 1.30 (0.86-1.97) after adjusting for other risk factors for dementia including education, smoking 
status, alcohol consumption, physical activity and hypertension.106  

Mild TBI and dementia 

Concussion and mild TBI (mTBI) are often used interchangeably.107  There remain relatively few studies of mTBI 
and dementia risk, and methodological issues include inconsistent definitions and reporting. A previous cohort 
study using a national patient register found increased risk, even with a single mTBI (OR 1.63; 1.57–1.70).108 
Since our last commission, a cohort study found no increased risk from mTBI over 15 years229 but a systematic 
review and meta-analysis of 3,149,740 people reported a history of mTBI increased risk of AD (RR 1.18, 1.11-
1.25) and a sensitivity analysis including the many fewer studies in which mTBI preceded AD by > 10 years also 
found higher risk, although with wider confidence intervals (RR 2.02, 0.66-6.21, n=2,307). 106 109   

TBI and sport 

Some sports (e.g., rugby, American football, ice hockey) involve frequent head contact and are associated with 

greater risk of repeated TBI than sports where low frequency individual TBI may occur in accidents (e.g., cycling, 

horse-riding). There is considerable concern that professional and amateur soccer and rugby players live with 

and die more from neurodegenerative illnesses than the general population, which may be related to occasional 

severe TBI or frequent mTBI from physical contact with others or heading a football.  A meta-analysis which 

ranked concussion risk in contact sports, found 83 studies of reported concussion rates, mainly from the US 

(n=66) with 5 each from Canada and the UK.110 Rugby had the highest concussion rate (28.3 concussions per 

10,000 games; followed by American Football (8.7) ice hockey (7.9), and wrestling (5.0). College sport had 

slightly higher concussion rates than high school sport; 3.8 concussions vs 3.7 per 10,000 games. 

There is evidence that people who play professional soccer for longer and in positions where they head the ball 

more often and are more likely to incur head injuries are at higher risk of dementia. One small study (60 players) 

found cognitive ability in former professional soccer players was inversely associated with estimated heading 

frequency. 111 A large study from Scotland found 5.0% of 7676 former soccer players compared to 1.6% of 

23,028 individuals matched on age, sex, and area socioeconomic status developed a neurodegenerative disease 

(HR, 3.66; 2.88-4.65).112 This elevated risk was highest for defenders who have a greater frequency of headers 

and lowest for goalkeepers, and higher for those who had played professionally for >15 years. A study of French 
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professional footballers found all-cause mortality lower than that of the national population (SMR 0.69, 0.64–

0.75) but an excess of deaths with dementia (SMR 3.38, 2.49–4.50).  113 114  A cohort study of 6007 male football 

players (but not goalkeepers) from Sweden’s top division and controls matched for sex, area and region 

reported that football players had a higher risk of all-cause dementia (HR 1·62, 1·47–1·78) but not motor neuron 

or Parkinson’s disease. 115 Risk of all-cause mortality (HR 0·95 0·91–0·99), was lower among football players than 

controls. Similarly, all-cause mortality was lower among former national team rugby players until 70 years of age 

but over a median of 32 years, 47 (11.4%) former rugby players and 67 (5.4%) controls were diagnosed with 

neurodegenerative disease (HR 2.67, 1.67-4.27).113 

Mechanisms 

Plausible pathological mechanisms for longer term neurodegeneration following TBI include axonal injury 

promoting early generation of proteinopathies (hyperphosphorylated tau and amyloid B), microglial activation 

and cortical atrophy. 116 117 An ADNI study of 241 participants, 41 of whom reported previous TBI, found a history 

of TBI was associated with increased B amyloid deposition, cortical thinning and onset of cognitive 

impairment.3-4 year earlier 118 In contrast, a UK population study of 80 participants who had TBI with loss of 

consciousness before age 60, found no difference in amyloid deposition, hippocampal volume or cortical 

thickness but lower cognition and smaller brain volume at age around 70 than their 42 counterparts without 

injury,.119 Ongoing work using neuroimaging and fluid biomarkers of neurodegeneration may help identify both 

overlapping and distinct patterns of neuropathology in different subtypes of post-traumatic dementia or other 

neurodegenerative disorders, including chronic traumatic encephalopathy. 117 120 

Overall, the evidence suggests that TBI increases dementia risk, possibly leading to earlier onset of dementia of 
2-3 years, 121 which may be due to accumulation of underlying neuropathology. This risk of neurodegenerative 
disease should not obscure the message that sport is generally good for health.  Protection from head injury, for 
example, by appropriate head protection equipment, limiting heading practice and high-impact collisions, and 
preventing playing immediately after TBI, should now be an individual and public health priority.  Some sports 
bodies and government bodies have begun to implement this policy. 

Smoking 

We previously reported that late-life smoking is associated with an increased risk of dementia (HR 1.6, 1.2-2.2).2 

Midlife smoking appears to be a stronger dementia risk factor in more recent studies possibly because of 

improvements in treating cardiovascular disease and smoking-related cancers, so smokers now have an 

increased chance of living long enough to develop dementia.  A large meta-analysis reported midlife smoking 

increased dementia risk (RR 1.30 118-1.45, 37 studies) but there was no increased risk in former smokers. 122  

Long-term cohort studies, including the Framingham Heart Study (21-year follow-up which found strongest risk 

in those who were smokers starting in early adult life ),123 the Atherosclerosis Risk in Communities (ARIC, 25-year 

follow-up, n= 15,744  HR 1.41, 1.23-1.61),124 and the Whitehall II study (32-year follow-up,  HR 1.36,  1.10-

1.68),125 have reported similar excess risks of dementia in midlife current smokers. A UKB study of 497,401 

adults reported a HR 1.7 (1.2–2.5) for smokers aged <50 years at baseline.126  In the Danish general population a 

pooled analysis of two prospective cohorts of 61,664 individuals, reported that risk of dementia for smokers in 

midlife were increased for men ( HR 3.2, 1.4–7.4) and women (HR 1.7,  1.1–2.8).127  

The effect of stopping smoking  

A 32-year follow-up of the Whitehall II cohort, controlling for socioeconomic status, found that smokers (HR 

1.36,1.10-1.68) but not ex-smokers (HR 0.95, 0.79-1.14) have an increased risk of dementia compared to those 

who have never smoked, and that socioeconomic inequalities in dementia risk were partially mediated by 

smoking. 128  The meta-analysis above also showed no increased risk in former smokers. Similarly, a Korean 
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nationwide study of 789,532 participants who were assessed for smoking status over 2 years reported that ex- 

smokers had a lower risk of all cause dementia HR 0.92 (0.87-0.97) compared with continuing smokers and this 

was more pronounced  among adults who smoked before age 65 (HR 0.8, 0.7–0.9) than those aged 65 years or 

older (HR 1.0, 0.9–1.0).129 Another Korean population study examining dementia risk in people with atrial 

fibrillation, also found a reduced risk of dementia in those who quit smoking compared to current smokers (HR 

0.83,  0.72-0.95).130  These studies suggest that smoking cessation reduces dementia risk compared to continued 

smoking.  Smoking should now be considered a midlife risk factor (in the 2020 commission it was considered as 

a risk factor in late life) and the effect of stopping smoking is encouraging.   

Cardiovascular risk factors  

Important social disadvantage such as less education, more social isolation and lower SES tend to cluster with 

health factors that predict cognitive decline and dementia. 131 We have chosen to consider factors individually 

rather than consider cardiovascular morbidity as a risk. Vascular dementia usually occurs when people have a 

stroke (and is part of the diagnostic criteria) and happens more often in people who smoke or who have 

diabetes and hypertension. 21 Stroke and AD share risk factors of less education, sedentary lifestyle, 

hypertension and heart disease in addition to less social contact 132 but some people with these risk factors will 

not develop dementia despite neuropathology, sometimes because they die younger.18   

Several studies have examined a combination of cardiovascular risk factors. The Life’s Simple 7 group defined 

ideal cardiovascular health factors (BMI, diet, smoking, physical activity, blood pressure, cholesterol and glucose 

levels), and better scores on this index are associated with lower dementia risk. 21 133 Similarly, in China, a 10-

year longitudinal study of 29,072 people with mean age 72, found that having four or more of six lifestyle 

factors: a healthy diet (eating at least 7 of 12 eligible food items), physical exercise (≥150 min of moderate 

intensity or ≥75 min of vigorous intensity weekly), active social contact (≥ 2 per week), active cognitive activity (≥ 

2 per week), never or former smoking, and never drinking alcohol was associated with slower memory decline in 

those with fewer protective cardiovascular risk factors.  134  This applied to both APOE ε4 carriers and non-

carriers.  

Cholesterol: Low Density Lipoprotein Cholesterol (LDL- C) 

The evidence available at the time of previous commission reports on higher levels of low-density lipoprotein 

cholesterol (LDL-C) was a possible dementia risk factor was inconclusive. Meta-analytic evidence found 

inconsistent evidence from HIC that high LDL-C in midlife but not in later life might be a risk factor for cognitive 

decline, all cause dementia and AD.135 136  

 A newer meta-analysis of LDL-C in adults aged <65 years followed up for > 12 months, found 3 cohort studies 

with 1,138,488 participants, all from UK, and reported each 1mmol/l increase in LDL-C was associated with 

increased the incidence of all-cause dementia by 8% (1.08; 1.03 - 1.14; I2 = 0.3%). 137  A study of 1,189,090 

participants found high LDL (>3mmol/l) was associated with an increased risk of dementia, HR 1.33, 1.26-1.41.37 

Higher baseline LDL-C in a large cohort from UK general practice cohort (n=1,853,954) followed up for a median 

of 7.4 years, was similarly associated with higher risk of all cause dementia (RR 1.05, 1.03–1.06 per SD increase 

in LDL-C, 1.01 mmol/L or 39 mg/dL increase). 138 This risk was greater in midlife, people aged <65 with high LDL-C 

had increased risk for dementia diagnosed within 10 years (RR 1·10, 1·04–1·15) and for dementia diagnosed 

over 10 years after baseline (RR 1·17, 1·08–1·27).  High LDL-C is sometimes associated with diet and in a Danish 

cohort study of 94,184 people followed from a mean age of 58 years, those who did not adhere to dietary 

guidelines  (≥ 3 weekly servings of all of fruit,  vegetables and fish, rarely drink sugar sweetened drinks, eat 

prepared meat like sausages or have takeaways) were more likely to have high levels of LDL-C. 139 After a median 



20 

follow-up of 10 years, those with low adherence were more likely to develop non-AD dementia compared to 

high adherence (intermediate adherence HR 1.19, 0.97–1.46, low adherence HR 1.54, 1.18–2.00), but not AD 

dementia. There was no increased risk of dementia in people who took lipid lowering drugs. 

A US study of 4392 people found that higher high-density lipoprotein (HDL) protected against the development 

of dementia.140  

Further evidence of causality comes from a MR meta-analysis which included 27 studies with 3136 people with 

dementia and 3103 healthy controls, which reported that high total cholesterol and low HDL cholesterol were 

risk factors for dementia. 141 In contrast, an individual participant meta-analysis  at older age at baseline 

(>21,000 people, mean age 76 years at baseline) found no association between total LDL or HDL cholesterol and 

cognitive decline; this did not change if analysis was stratified by statin use or APOE4 status.142   

Mechanisms  

Excess brain cholesterol is associated with increased stroke risk and higher deposition of brain amyloid and tau. 
137 HDL reduces cholesterol 143 and lowering cholesterol decreases Aβ levels.136   

Interventions for high cholesterol 

Individual counselling about diet and lifestyle has a small effect in reducing LDL-C.144 Cholesterol-lowering statins 

have become a focus of research in AD and have potential benefit as they are anti-inflammatory and antioxidant 

as well as reducing cholesterol.145 A meta-analysis of 36 cohort studies found statin use was associated with a 

reduced risk of all-cause dementia compared to untreated high cholesterol (OR 0.80, 0.75-0.86) and AD (OR 

0.68, 0.56-0.81) with no difference between men and women. 146 Repeat observational data can be used to 

emulate a target trial of statin use. Using data from 6373 participants aged 55-80 years an emulated trial found 

sustained statin use, but not statin initiation alone, to be associated with reduced 10-year risk of dementia or 

death.147    

Decisions 

Overall, there is high quality consistent, biologically plausible evidence that high LDL cholesterol in midlife is a 

risk factor for dementia and that statins mitigate this excess risk.  

Physical inactivity, exercise, and fitness 

We previously concluded that the balance of evidence is that the link between exercise and dementia is likely to 
be bidirectional.2   Physical activity changes over a person’s lifetime, decreasing when someone becomes ill and 
varies across cultures, socioeconomic status, and between sexes and can be at different levels of intensity 
making  it complex to study. Since the 2020 commission, a cohort study (n=1,417) which recorded physical 
activity five times between age 36 and 69, found that being physically active at all ages was associated with 
better cognition at age 69; with the strongest association for sustained physical activity.148 A prospective study 
of 29,826 people followed up for a median of 24.5 years, and assessed twice for weekly physical activity 10 years 
apart, found those who maintained an individually estimated optimal level of physical activity had a reduced risk 
of dementia compared to persistently inactive individuals (HR 0.75, 0.58-0.97).  Those who increased their 
physical activity to an optimal level over the assessment period also had a reduced risk of dementia compared to 
those who maintained a suboptimal level of activity (HR 0.83, 0.72-0.96).149 Similarly, a systematic review and 
meta-analysis of 58 studies exploring the link between physical activity and dementia, found that physical 
activity was associated with a decreased risk of all-cause dementia (RR 0.80, 0.77 to 0.84, n=257,983) and 
dementia types in short and longer follow-ups ≥20 years, and at all ages. 150  A range of intensities of exercise 
were included in the meta-analysis, however reduction in risk was greatest when moving from extreme 
sedentariness to some physical activity. A longitudinal study of 1718 women over a median time of 11.9 years, 
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found more physical activity was associated with less cognitive decline but not when this was adjusted for 
diabetes and hypertension.151 
 

Physical activity interventions 

An RCT of 945 participants, mean age 78 years and 48% women, were randomised 2:1:1 to a 5-year control 
group, moderate-intensity continuous training or high-intensity interval training twice weekly.152  At 5 years, 
96% of the control group adhered to national guidance for physical activity, and 75% and 76% adhered to the 
interval training intervention. There was no significant difference in cognition between the groups (beta 0.26, 
−0.17 - 0.69) or odds of MCI (OR 0.86, 0.66-1.13). Men in the exercise group had a decreased risk of MCI (OR 
0.65, 0.47-0.99) and slightly higher cognitive scores than controls. Those who decreased peak oxygen uptake, 
compared to maintaining or increasing it had higher odds of MCI (1.35, 0.98-1.87) compared to the control 
group although this was imprecisely estimated. Findings are in line with the small cognitive benefit shown in an 
umbrella review of RCTs on the effects of physical exercise on cognition.153 At the policy-level, urban design 
interventions and provision of high-quality green spaces are recommended by the WHO to reduce physical 
inactivity across the population.154 
 

Mechanisms 

Exercise at any age appeared helpful for cognition possibly through changes in other organs, such as reduced 
hypertension, increased nitric oxide improving blood flow culminating in enhanced brain plasticity and reduced 
neuroinflammation. 155 
 

Diabetes  

We previously discussed type 2 diabetes as a risk factor for development of late-life dementia. New evidence 

suggests that midlife, but not necessarily late-life diabetes onset increases the risk of dementia. In a prospective 

cohort study of 10,095 participants, the risk for dementia increased for every 5-year earlier age of type 2 

diabetes onset (HR 1.24, 1.06-1.46).22  Those aged over 70 at onset did not have a significantly increased risk at 

follow-up 5 years later but this may be because those developing it at a younger age had a longer follow-up. Co-

morbid diabetes and heart disease doubled the risk of incident cognitive impairment and dementia, but this did 

not occur with heart disease alone.  

Uncontrolled diabetes increases the risk of cognitive impairment progressing to dementia, with a 12-year follow-

up of 682 people with cognitive impairment-no dementia reporting that poorly controlled diabetes (glycated 

haemoglobin [HbA1c] ≥7.5%) tripled its risk of progressing to dementia (HR 2.87, 1.20-6.85) and doubled the risk 

in those who were not cognitively impaired. 156 The risk of dementia increases with hypoglycaemia and a meta-

analysis of people who had diabetes and severe hypoglycaemic episodes reported an increased risk of dementia 

compared to people with diabetes without such episodes (RR 1.47, 1.24–1.74) with increased risk with numbers 

of episodes.157 Diabetes should be classified as a midlife risk for dementia. It is unclear whether diabetes is no 

longer a risk factor for dementia at older ages or the lack of demonstrated significant risk is because of shorter 

follow-up. Longer illness duration and more poorly controlled diabetes increases the risk of dementia. 

Mechanism 

Our understanding of the mechanism is incomplete. Long-term micro- and macro-vascular complications are 

well-established in diabetes, and it is likely that any causal mechanism includes a strong vascular component, 

including stroke risk. Elevated systemic inflammatory markers (CRP) contributed to the diabetes-associated 

increased dementia risk. 22 Diabetes may lead to increased Alzheimer’s neuropathology, both amyloid and tau 

and vascular changes including stroke. 158  
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Interventions for diabetes 

In a Taiwan population of 31,384 propensity-matched pairs (including matching for chronic kidney disease with 

diabetes) followed for five years, those who were adherent to metformin had a 72% lower risk of developing 

dementia. 159 It is clear that strict, intensive compared to standard diabetic control does not decrease the risk of 

dementia.2  It is unclear if effective treatment of diabetes ameliorates dementia risk, particularly as taking more 

oral medication and insulin is related to having more severe diabetes. Novel study designs like MR or target trial 

emulation might help address this potential confounding by indication. 160 Tighter control of diabetes, but not 

very low blood sugar, may attenuate the risk and be a way of decreasing dementia. 

Hypertension and its trajectory 

Our commission has previously discussed the evidence that midlife hypertension increases the risk for all-cause 

dementia, AD and vascular dementia, but that nearer the time of dementia people’s BP tends to fall.2  A 

systematic review of longitudinal studies estimated that BP first rises then starts to decrease 5 years prior to 

dementia diagnosis while weight falls around 10 years before diagnosis.161  High blood pressure may continue to  

be a risk in older age162 but some people who are developing dementia therefore have a lower blood pressure 

and therefore the picture is mixed.  A cohort study (n=2234, ≥ 65 years) measured blood pressure variability, 

with assessments over 3, 6, 9 and 12 years, and found that higher systolic variability increased the risk of 

dementia with HRs ranging from 1.02 (1.01-1.04) to 1.10 (1.05-1.16). 163 

Higher BP in African Americans may be one reason why dementia is more common in this group than in White 

Americans. In an individual participant data (IPD) meta-analysis of five cohort studies of 19,378 people with 

mean age 59.8, black African Americans had significantly faster global cognition decline but there was no 

significant difference after adjustment for cumulative mean systolic BP. 164 

Interventions for high blood pressure 

There are three meta-analyses of antihypertensive medication RCTs. Two found they were protective165 against 

cognitive impairment and dementia and one with short (1 year) follow-up did not.166  Specifically, a meta-

analysis of 12 RCTs (n=96,158) with a mean follow-up of 4.1 years found a lower risk of dementia or cognitive 

impairment compared with controls (OR 0.93, 0.88-0.98) and of cognitive impairment alone (OR 0.93, 0.88-

0.99). 165 The second study used IPD from 5 RCTs (n=28,008)  with placebo controls, three of which were in the 

first study, and found a lower risk of dementia in the treatment group (OR 0.87, 0.75-0.99).10 A Cochrane review 

with three studies overlapping with the previous study, included 12 RCTs (8 placebo controlled, n=30,412) with 

interventions lasting at least 12 months. It concluded that there was a modest benefit on cognitive change 

measured with MMSE (5 studies, MD  0.20 (0.10-0.29) but duration was too short to show a difference in 

dementia incidence (4 studies; OR 0.89, 0.72-1.09).166  An IPD meta-analysis of 17 studies including people in 

LMIC and HIC (mean age72.5, follow-up 4.3 years) found that that those with untreated hypertension had a 42% 

higher risk of dementia than healthy controls (HR 1.42; 1.15-1.76), but this risk was attenuated or lost with 

treatment (HR 1.13; 0.99-1.28 vs. healthy controls). 162 MR findings of high BP being protective 167-170 are 

inconsistent with RCTs findings and MR studies are likely to be biased by survival bias. 10 165 171 

Obesity and weight 

We previously discussed that obesity in midlife is a risk factor for dementia.2 A further systematic review and 

meta-analyses examining the relationship between obesity and dementia included 14 studies with 77,890 

participants, and found that midlife obesity was associated with subsequent all cause dementia (RR 1.31, 1.02-

1.68).172 Another study on central obesity, measured through waist circumference or waist to hip ratio, included 

5,060,687 participants from 16 studies, and showed that higher versus lower waist circumference was 
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associated with a greater risk of cognitive impairment and dementia (HR 1.10, 1.05-1.15) and the risk was 

greater in those aged >65 years.173 Obesity is more common in those who exercise less and is associated with 

diabetes and hypertension which also cause cardiovascular disease174 so it is possible that this association is 

mediated by other risk factors for dementia. However, most studies in these meta-analyses adjusted for health 

conditions such as hypertension, stroke, blood lipid levels and diabetes, as well as demographic characteristics 

so this should have minimised the effect of these intermediaries.  

Interventions for excess weight 

A meta-analysis of interventional studies for weight loss identified 13 longitudinal studies (total of 551 

participants) and 7 RCTs (total of 468 participants) of overweight and obese participants. Intentional modest 

weight loss of even 2 kg amongst trial participants was associated with improvements in cognition at median 

follow-up of 6 months 175 indicating that health behaviours could have a beneficial effect even if weight loss is 

not sufficient to alter obesity status. These improvements were more pronounced in people who changed their 

diet or who exercised to lose weight, than in those who had bariatric surgery. The average weight loss from non-

surgical interventions is around 2kg.176  

An additional suggested mechanism is  wright stigma in people with higher Body Mass Index (BMI), which is 

associated with higher cortisol levels, inflammation and negative health consequences and may contribute to 

the association with dementia.177 Further work is needed to understand mechanisms by which excess adiposity 

contributes to dementia risk and how to tackle this.  

Being underweight  

A systematic review of 19 prospective studies where data were pooled, also found an increased risk of dementia 
in underweight individuals (BMI <18.5; HR: 1.26, 1.20-1.31). 178 179 Their interpretation was that increased risk in 
the weight loss group was due to reverse causation, as people often lose weight before they develop dementia. 
Being underweight is also potentially linked with malnutrition, although it can occur for many reasons. 
 

Excessive alcohol consumption 

In the previous Lancet Commission, we found that drinking >21 UK units (14 US drinks, 168g) of ethanol weekly 

in midlife compared with lighter drinking  (<14 units) was associated with an increased risk of dementia (RR 1.18, 

1.06-1.31).2  Similarly, a subsequent individual participant meta-analysis of 131,415 participants from France, 

UK, Sweden and Finland found, after adjusting for confounders, heavier drinking  ( > 21 units/week) in midlife, 

compared to lighter drinking, was associated with an increased risk of dementia (HR 1.22, 1.01-1.48).180  In line 

with this a review of 28 systematic reviews concluded that heavy alcohol use was associated with increased risk 

of all-caused dementia and reduced grey matter volume in imaging studies. 181Alcohol induced loss of 

consciousness increased dementia risk in those with either moderate or heavy consumption. 180   

Non-drinkers 

Some cross-sectional studies of older adults have found a similar dementia risk in heavy alcohol drinkers and 

non-drinkers. However, some people who are counted as non-drinkers were previously heavy drinkers. 182  A 

Japanese prospective study following 42,870 participants for 14.9 years, found both non-drinking and drinking 

>450 g alcohol/week from midlife compared to light drinking, were associated with increased risk of dementia 

(HR 1.29, 1.12-1.47,  HR 1.34, 1.12-1.60  respectively).183  An IPD meta-analysis of  24,478 older adults  from 15 

prospective cohort studies reported that during 151, 636 person years of follow-up, dementia risk was lower in 

occasional (HR 0.78, 0.68-0.89), light-moderate (1.3–24.9 g/day; HR =0.78, 0.7-0.87), and moderate-heavy 

drinkers (25–44.9 g/day; HR 0.62, 0.51-0.77) than non-drinkers but not in heavy drinkers (> 45g/day). 184 MR also 
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finds a causal relationship between alcohol consumption and earlier age of onset of AD, and suggests that any 

relationship between not drinking and AD is due to survivor bias.185   Observational studies  usually find a j-

shaped dose-response, such that non-drinking is associated with increasing dementia risk compared to light 

drinking. This is probably because many non-drinkers have previously had high alcohol consumption or other 

illnesses which prevent them drinking and studies which correct for this find there is no excess mortality in the 

non- drinking group. 182 186  

Reduction of excessive alcohol consumption  

A study of a nationwide South Korean cohort of 3,933,382 participants that serially assessed alcohol 

consumption over 3 years, found sustained heavy drinkers (≥30grams or 3 units/day) had an increased risk of all-

cause dementia (HR 1.08, 1.03-1.10), and reducing drinking from heavy to moderate levels (15.0-29.9g/day) 

reduced the risk of all cause dementia (HR 0.92, 0.86-0.99) compared to sustained abstinence. 187  Sustained 

mild (<15 g/day) or moderate alcohol consumption, or initiating mild alcohol consumption versus sustained non-

drinkers, was also associated with lower risk of all cause dementia (HR 0.79 0.77-0.8; HR 0.83, 0.79-0.88; HR 0.93 

(0.9-0.96) respectively) but as above, some non-drinkers may have been former heavy drinkers.  Overall, 

reduction of excessive alcohol or sustained light drinking is associated with a lower dementia risk than excessive 

alcohol. There is no clear evidence that not drinking increases the risk of dementia.   

Social isolation 

We have previously discussed social isolation or lack of social contact as a risk factor for dementia.2  Since then, 

two systematic reviews found less frequent social contact was associated with higher risk of dementia. The first, 

which included eight studies with a total of 15,762 participants, reported higher dementia risk (RR 1.57, 1.32-

1.85) for those with less compared to more frequent social contact,188 while the second (with one overlapping 

paper) reported RR 1.18 (1.08-1.30). 189  Duration of follow-up may partly explain inconsistent results from these 

studies; seven of the eight studies in one of the reviews had less than 4 years’ follow-up making reverse 

causation likely. 188  However, two subsequent studies of participants in UKB, with 9 190 and 12191 years mean 

follow-up, found that dementia risk was higher in those who were more socially isolated at baseline.  

Loneliness is linked to, but differs from, social isolation as it is about people’s feelings that their social contact is 

inadequate. 192 Loneliness was also associated with elevated dementia risk in three reviews comprising 3-8 

studies (RR 1.26, 1.14-1.40; 1.38, 0.98–1.94 and 1.58, 1.19-2.09 respectively).  188 Elevated dementia risk of 34-

91% was reported in subsequent studies, in the US over 10 years, in Netherlands and Sweden over 14 years and 

in Japan over 5 years. 193-197 Some, but not all, of these studies found the association persisted after adjustment 

for potential confounders, including lack of social contact. These results are summarised in figure 7. 

Participation in social activities is also linked, but distinct, from social isolation and has been linked with lower 

dementia risk. However, two studies with serial social activity measurement found that declining social activity 

participation was associated with higher dementia risk and that, with a longer follow-up, participating in social 

or leisure activities was not associated with dementia risk.  198 199 This suggests that the link with participation 

rather than contact may be at least partly due to reverse causation whereby decline occurs during the preclinical 

phase of dementia. 
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Figure 7 Different aspects of social participation and risk of dementia.  With permission192 

Mechanisms 

Social contact in any form has a potentially beneficial effect on dementia risk by building cognitive reserve, 

promoting healthy lifestyle behaviours and reducing stress and inflammation. 192  Risk has been reported to be 

consistent across individuals with different genetic risk levels 190 and social isolation linked to lower grey matter 

volume in the temporal, frontal, and other brain regions.192 

Interventions to increase social contact and activity participation. 

Interventions to increase social contact and participation in activities through facilitator-led group activities have 

yielded inconsistent results regarding general cognitive function. One Finnish RCT of a three-month intervention 

with a primary outcome of cognition recruited 235 people who were lonely aged ≥75 and showed a small, 

significant improvement on ADAS-cog performance (mean change intervention -2.6 points, -3.4 -1.8 vs control  -

1.6, -2.2 to -1.0)200  but studies from the US 201 and China202 did not find that facilitator-led group activities were 

beneficial. Studies of multidomain interventions which included group components suggested small cognitive 

benefits (Cohen’s d = 0.13 203 and mean mini-mental state examination (MMSE) difference 0.99 points) for highly 

intensive interventions. A subsequent pilot RCT of a multidomain intervention, including social activities through 

group meetings and additional scheduled monthly social activities, led to general cognitive improvement at 24 

weeks despite small numbers (Repeatable Battery for the Assessment of Neuropsychological Status score 

between group difference 6.2 points (p=0.004). 204 The specific contribution of the social component of 

multidomain intervention is unclear. Existing studies are too small and follow-up too short to identify if they 

have any effect on the dementia incidence.   

Air pollution 

In the 2020 commission, we found agreement that fine particulate matter air pollution, PM2.5 (diameter ≤ 

2.5µm) and PM10 (diameter ≤ 10µm) were risk factors for dementia and cognitive impairment, despite 

substantial heterogeneity across studies in durations of exposure, covariates in the analysis, outcomes, and 

variable risk of bias.2  Continuing research interest on this is reflected by the publication of at least nine further 
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systematic reviews and meta-analyses since 2019, which have all reported that air pollution is associated with 

increased dementia risk. To manage study heterogeneity, some meta-analyses have narrowed inclusion criteria, 

e.g., one review analysed only studies providing hazard ratios (HR), comprising 20 studies involving 91,391,296 

people, and reported a pooled higher dementia risk of 3% per 1 μg/m3 increment in PM2.5 (HR 1.03, 1.02–

1.05).205 A conservative pooled estimate, obtained from a meta-analysis of five studies that used active case 

ascertainment of high quality studies, reported a 17% increase in dementia risk per 2 µg/m3 increment in PM2.5, 

although confidence intervals were wide and included the null (HR 1.17, 0.96- 1.43).206 Pooled HRs were 

reported from five studies each of nitrogen dioxide (HR per 10μg/m3 1.0,; 0.98 - 1.06) and nitrogen oxides (HR 

per 10 μg/m3 1.05, 0.98 - 1.13), and four of ozone (HR per 5 μg/m3 1.00, 0.98 -1.05), none of which were 

statistically significant. Other pollutants had been studied by too few studies for meta-analysis.206 

In LMICs, where air pollution levels are often high and increasing, PM2.5 and PM10 levels have also been 

associated with dementia, MCI, and AD.207-210 There may be distinct or synergistic risks from ambient (outdoor) 

and household (indoor) air pollution. Studies in LMICs have demonstrated that solid fuel use, a proxy for 

household (indoor) air pollution, is associated with higher dementia risk and accelerated cognitive decline 

among middle-aged and older adults.211 212  Residential wood and coal burning stoves can also be a source of 

indoor air pollution, and are reported to currently contribute 38% of the UK’s PM2.5 emissions and associated 

health risks.213  

A US 7-year cohort study of >18 million participants found that the PM2.5 constituent with the strongest 

association with dementia risk was black carbon (HR per 1μg/m3 increment 1.12; 1.11, 1.14).214  The studies have 

mainly been in older adults at baseline but does not rule out an effect earlier in life.  

Mechanism of air pollution’s effect on dementia 

A longitudinal study with a mean follow-up of 6 years of 2,927 Swedish residents (63% women, free from 

dementia at baseline, baseline mean age 74 ) considered PM2.5 and NOx yearly from 1990, to examine if CVD 

(atrial fibrillation, ischemic heart disease, heart failure, and stroke) modified or mediated the association 

between pollution and dementia and found it did.215 The effect of air pollution is worst among people with these 

pre-existing conditions. 

The effects of changing air pollution 

There is emerging evidence on the potential effects of improved air quality on cognitive decline and dementia 

incidence. A French cohort study with 12-years’ follow-up, reported a reduction in PM2.5 between 1990-2000 

was associated with a lower risk of dementia (HR, 0.85; 0.76 -0.95 for median PM2.5 reduction of 12.2 μg/m3).216  

Older US women living in an area with improved air quality (PM2.5 and NO2 reduced over ten years) had a lower 

risk of dementia.217 In a quasi-experimental study, the China's Clean Air Act mitigated cognitive decline in older 

adults, indicating that strict clean air policies may reduce the risk of cognitive ageing measured by mini-mental 

state examination associated with air pollution.218 A north-south difference in China's central heating policies led 

to differences in air pollution concentrations; higher air pollution (PM10, NO2, SO2, CO, O3)  was associated with a 

42.4% higher dementia risk, and O3 had the largest effect on dementia risk.219  

As the evidence base grows, it would be valuable to standardize study design, reporting and analyses to allow 

comparisons, and achieve a more granular understanding of the association between air pollution and 

dementia.220 Given the close link between socioeconomic circumstances, household conditions and exposure to 

air pollution, minimising residual confounding in these studies is difficult.  
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Overall, there is strong support for the implementation of World Health Organization global air quality 

guidelines that ultimately aim for average annual PM2.5 concentrations of less than 5 µg/m3.221 222 It is unclear if 

there is any ‘safe’ level of air pollution, as each 1 μg/m3 unit increment in PM2.5 is associated with higher 

dementia risk, and the lowest annual PM2.5 concentration in global mega-cities was reported to be 6.7 µg/m3 in 

Miami, whilst the top five most polluted cities had an annual average concentration of PM2.5 greater than 89 

μg/m3.223 There is little known about risk in relation to dementia subtypes, and whether individual PM 

constituents are important  (e.g., black carbon, sulphates, nitrates and ammonium).  

Uncorrected visual impairment 

The global prevalence of avoidable vision impairment and blindness, including uncorrected refractive error and 

cataracts, in adults aged ≥50 years s of 12.6 with prevalence much lower in HICs than in LMICs.224 224  

Visual impairment, cataract, diabetic retinopathy, glaucoma and macular degeneration and dementia risk  

Our commission has not previously considered vision impairment as a risk factor for dementia but there is now 

considerable new evidence. This includes a meta-analysis of 14 prospective cohort studies, with follow-up 

between 3.7 to 14.5 years, including 6,204,827 older adults who were cognitively intact at baseline, of whom 

171,888 developed dementia.  Vision impairment was associated with a pooled RR for dementia of 1.47 (1.36 -

1.60).225  In an accompanying meta-analysis of 12 prospective cohort studies with 45,313 participants, 13,350 of 

whom developed cognitive impairment, the RR for vision impairment was 1.35 (1.28 -1.41).  

A second meta-analyses found increased risk of all-cause dementia (RR 1.38, 1.19–1.59, n=37705) with visual 

impairment.226 Breaking this down into different eye conditions, there was increased dementia risk associated 

with cataracts (3 studies, 6,659 participants, 1,312 cases, (HR 1.17, 1.00–1.38, I2 = 0.0%) and diabetic retinopathy 

(43,658 participants, 7,060 cases, HR 1.34, 1.11–1.61, I2 = 63.9%), but not with glaucoma (6 studies, 175,357 

participants, 44,144 cases, HR 0.97, 0.90–1.04, I2 = 51.5%) or age-related macular degeneration (3 studies, 

800,692 participants, > 2,559 cases, HR 1.15, 0.88–1.50, I 2= 91.0%). 

A cross -sectional study of 32,715 people, mean age 62 years, from six LMICs (China, India, Ghana, Mexico, 

Russia, and South Africa) found objectively measured near, but not far vision impairment alone, was related to a 

higher likelihood of having MCI. 227 The risk was higher in those with both near and far visual impairment which 

the authors thought was less likely to be due to refractory error than underlying eye disease e.g., diabetes or 

cataracts. One US study of 16,690 participants, investigated the inclusion of vision impairment as an additional 

potentially modifiable risk factor in the life-course model based on the 2020 Lancet Commission, and found that 

the population attributable fraction (PAF) of vision impairment was 1.8% in that population. 228 As the 

prevalence of vision impairment was higher in minority groups (9.9% of the Black non-Hispanic population and 

11% of the Hispanic population compared to 7.7% of the White non-Hispanic population), the risk and potential 

benefit may be greater in these populations. 

Mechanism of link between vision impairment and dementia 

The mechanisms behind these associations may be related to underlying illness such as diabetes which is a risk 

factor for dementia, 2 vision loss itself, as might be suggested by a possible effect of cataract surgery, or shared 

neuropathological processes in both the retina and the brain.229 A Korean longitudinal health insurance database 

study of 6,029,657 people, found that dementia risk increased with visual impairment severity, supporting the 

hypothesis that vision loss in itself may be causal or that there is a dose-response effect to a shared aetiological 

factor.230 A study of diabetic retinopathy and dementia found that the association between retinopathy and 
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dementia remained after adjusting for diabetes severity, as measured by five years of glucose levels control and 

renal function after >5 years of diabetic retinopathy. 231  

Effect of cataract treatment  

A US study followed 3038 older adults (age >65 years) with cataracts and normal cognition at baseline for over 

20 years.232 The analysis controlled for age, race, APOE genotype, education, smoking and an extensive list of 

comorbidities and reported that those who had cataract extraction had significantly reduced dementia risk 

compared to those who did not (HR, 0.71; 0.62-0.83; 23,554 person-years of follow-up).  Although a UKB study 

of 300,823 people found that those with cataracts had an increased risk of dementia (HR, 1.2, 1.01–1.46), but 

that there was no difference in dementia risk between those who had cataract surgery and healthy controls.233 

Decision 

increasing evidence supports an association between uncorrected visual impairment and dementia risk, and 

potential modification by treatment. We have therefore included it as a risk factor in our analysis. Treatment for 

visual impairment is effective and cost-effective for an estimated 90% of people but across the world, 

particularly in those living in LMIC visual impairment is often not treated.228 224 There is a clear prevention 

opportunity. 

Multicomponent dementia prevention studies  
Multidomain interventions address multiple dementia risk factors through health-related and lifestyle 
behavioural changes so, in principle, are appropriate for a multifactorial condition. The existing evidence is 
preliminary as there are few completed studies but over 40 ongoing trials.234 A 2021 Cochrane review identified 
nine multi-domain interventions for the prevention of dementia or cognitive decline RCTs with 18,452 
participants.235  There was high certainty of a small benefit on overall cognition (3 RCTs; composite z score  mean 
difference (MD) 0.03, 0.01- 0.06, n = 4,617, over 18-36 months), 203 236 237 particularly in people with the APOEε4 
genotype (2 RCTs; n = 2,043, follow-up 24-36 months, carriers MD 0.14, 0.04 -0.25, noncarriers MD 0.04, -0.02 to 
0.10,), but the effect on dementia incidence had wide confidence intervals (2 RCTs;  n = 7256, follow-up 6 to 13 
years RR 0.94, 0.76 -1.18) 238 239 with a longer follow-up  of median 10.3 years of pre-DIVA trial recruiting people 
aged 70 -78 years at baseline having similar results regarding dementia incidence.240 Since then two further RCTs 
have reported. The SMARRT trial  ran for two years and recruited 172 adults aged 70-89 and compared 
personalized risk reduction goals with health coaching and nurse visitors with Health Education control over 2 
years and found a cognitive improvement in the intervention group of 0.14 standard deviations; 0.03-0.25, a 
74% improvement compared to control. 241 The three year Maintain Your Brain, is a single blind RCT recruiting 
Australians without dementia age 55 to 75 with primary outcome of cognitive function at three years. 242 The 
intervention was a personalized multidomain intervention, designed to be scaleable, delivered entirely through 
a digital platform and the first positive digital intervention in this field. There were four modules offered in 
random order serially (physical activity, nutrition, cognitive activity and depression or anxiety) to tackle risks 
which an individual had. The modules were used for other risks, so for example, physical activity was used for 
diabetes, obesity, dyslipidaemia, hypertension, obesity and smoking.  The population recruited was healthier 
and more educated than the general population. The small effect size on global cognition (0.18) was more than 
the Cochrane review above and as scaleable might make a difference in population terms.  
 
There are many methodological difficulties with designing and conducting intervention trials in dementia 
prevention, including ensuring sufficient follow-up duration, recruitment of participants from high risk or 
excluded groups, and adherence to and scalability of complex and intense multidomain interventions. 
Adherence to interventions and lifestyle changes are associated with better cognitive functioning trajectories,243 
but adherence decreases with increasing intervention complexity and intensity.244 It can be more difficult to 
demonstrate an intervention’s benefit in RCTs if the control group is highly motivated to also take up the 
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intervention. Studies have often recruited participants based on high cardiovascular risk.237 A systematic review 
reported that the 10-year dementia risk for individuals eligible for four large-scale trials of multidomain (2+ 
domains) interventions203 236 237 239 245  was similar to those deemed ineligible, thus future trials may need to 
more accurately identify people at higher dementia risk.246  

Some studies have employed strategies to boost efficacy and adherence, including intervention coaches to 
support behaviour change, digitally delivered personalised and scalable self-management interventions, and 
targeting people of lower SES and people in LMICs. 204 247-250 These should clarify whether the cognitive benefits 
reported in existing trials can be replicated or increased and whether they are likely to be scalable and clinically 
significant in preventing dementia. It is currently unclear whether the cognitive benefits identified are 
sustainable after intervention cessation, if they translate into a reduction in dementia incidence, or if they can 
be implemented with similar adherence and effectiveness in more resource-deprived in higher risk groups.  
A review of trials for dementia prevention found that only 62% of studies reported any ethnicity data and in 
those, minority ethnic groups accounted for a relatively low percentage of participants.251 The FINGERS study203 
did not report ethnicity or dementia incidence but reported that effects of the intervention on cognitive 
function were the same across socio-economic categories (albeit within a relatively affluent cohort). All but 2% 
of participants in the HATICE study were White.236 Results were not disaggregated by ethnicity but the impact of 
the intervention was greatest in those with the lowest baseline educational attainment.  
Overall, even interventions with modest effects could theoretically have significant preventative effects at the 

population level, including those less affluent or in LMICs. Interventions for individual and multiple risks would 

potentially be cost-effective but scalability is challenging, 7 252-254 and they may need to be repeated at intervals 

to achieve sustained benefits.     

Total PAF calculation 
We incorporated the two new risk factors - high LDL-C and uncorrected vision impairment and the 12 factors in 

our previous model into our life-course model of dementia. We used the largest recent worldwide meta-

analyses for risk factor prevalence and relative risk and if not available the best data, and these are detailed in 

appendix 2. We performed new meta-analyses for the relative risk for depression and hearing loss as explained 

above.  

PAF calculation  
We used all 37,000 participants aged ≥ 45 years old from the Norwegian HUNT study which is a longitudinal 

population-based health study among residents aged 20 years or older in the county of Nord-Trøndelag, Norway 
149 255 256  to estimate communalities  (clustering of risk factors) of the 14 risk factors. Appendix 3 shows the PAF 

formula, risk factor definitions and steps in calculating communality and PAF.  Our analysis found four principal 

components, explaining 51% of the total variance between the 14 risk factors, indicating there was substantial 

overlap in risk factor prevalence, so we accounted for this in our weighted PAF estimates. We estimated that the 

PAF for all 14 risk factors was 48.9%. Figure 8 shows the life-course model of 14 potentially modifiable risk 

factors for dementia. Table 1 displays the prevalence, communality, relative risk, unweighted and weighted PAFs 

adjusted for communality for all 14 potentially modifiable dementia risk factors.  
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Table 1: RR, prevalence and PAF for all 14 potentially modifiable dementia risk factors 

 Relative risk for 
dementia, 95%CI 

Risk factor 
prevalence % 

Communality Unweighted PAF Weighted PAF 

Early Life      

Less education 1.6, 1.3-2.0 257 23.2 258  0.511 12.2% 4.9% 

Midlife      

Hearing Loss 1.4, 1.0-1.9  59.0 70 0.613 19.1% 7.6% 

Depression 2.25, 1.7- 3.0 7.2 259 0.429 8.3% 3.3% 

Traumatic Brain Injury  1.7, 1.4-1.9 104 12.1 260 0.318 7.8% 3.1% 

Physical Inactivity  1.25, 1.2-1.3 150 27.5 261 0.408 6.4% 2.6% 

Smoking  1.3, 1.2-1.45 122 22.3 262 0.472 6.3% 2.5% 

Diabetes 1.73, 1.65–1.8263 9.3 264 0.661 6.4% 2.5% 

High Low Density 
Lipoprotein 
Cholesterol 

1.3; 1.25 - 1.437 76.5* 0.299 18.7% 7.4% 

Hypertension  1.2; 1.1-1.35 265 31.1 266 0.482 5.9% 2.3% 

Obesity  1.3, 1.0-1 7 172 13.0 267 0.668 3.8% 1.5% 

Excessive alcohol 
consumption 

1.2, 1.0-1.5 180 13.3 180 0.962 2.6% 1.0% 

Late Life      

Social isolation 1.6, 1.3-1.8 188 24.0  268 0.389 12.6% 5.0% 

Air pollution 1.1, 1.1-1.1 269 75.0 269 0.372 7.0% 2.8% 

Uncorrected visual 
impairment 

 1.5, 1.4-1.6 225 12.7 224 0.552 6.0% 2.4% 

Overall PAF for all risk factors 49% 

*Prevalence derived from 37,000 participants aged ≥ 45 years old from the Norwegian HUNT study 

Numbers in table rounded to one decimal place so but total is whole number to make easily understandable.. 

Strengths and limitations 
This is the most comprehensive analysis to date of the PAF for potentially modifiable risk factors for dementia 

and updates previous calculations with newly incorporated risk factors with convincing evidence, and updated 
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Worldwide estimates of relative risks and prevalence for the risk factors. We used systematic reviews for the 

chosen risk factors, identified data to calculate communality for 14 risk factors and provided new meta-analyses 

where required for our synthesis. We find a hopeful picture with an estimate of around 56% of all cases of 

dementia being associated with 14 potentially modifiable risk factors. 

We used worldwide figures of prevalence which include disproportionate numbers from HICs although we have 

included evidence that risk factors prevalence varies between countries. Most global research is from HICs, so 

LMICs are under-represented because of lack of data. We have assumed risk factors cause dementia and have 

included more evidence that changing them changes the prevalence of dementia. We have also not included 

other risks with less certain evidence and know there will be others. We do not know how much communality 

might differ in other populations. Participants in HUNT reported a lower prevalence of alcohol abuse than 

worldwide figures although global estimates of alcohol misuse are often from HICs. Other disparities were not as 

wide.  Many risk factors are linked to deprivation, for example, the choice of where to live and therefore 

exposure to air pollution, or the possibility of finding reasonably priced healthy food within reasonable walking 

distance and having the resources and skills to prepare it, linked to obesity and diabetes. Deprivation is strongly 

linked to education and its incorporation in our communality calculations will reduce this possible 

confounding. We remained unable to meta-analyse data on pollution, although the data remains consistent that 

it is a risk for dementia.  

We have more evidence that longer exposure to a risk has more effect, for example in diabetes, and that risks 

act more strongly in people who are vulnerable, for example air pollution. Thus, it is important to target people 

most at risk and consider multiple risk factors.  The length or intensity of an intervention required to make a 

difference is unknown, but it is hopeful that for example stopping smoking cigarettes over a couple of years 

seems to reduce risk. While association is not causation, the effect on cognition of multicomponent, hearing aid 

and hypertensions RCTs, and the naturalistic changes with reduction in air pollution, cigarette smoking, social 

contact, hearing and vision corrections and increases in cognitive stimulation through work, continue to suggest 

a causal relationship with the clinical expression of dementia. More socially disadvantaged groups in both LMICs 

and HICs are more at risk and should be a priority for intervention. There is considerably more evidence that 

these changes are important for people with or without a genetic risk. We have set out key points above to 

reduce dementia. Although there is a need for more evidence, these should not wait, as there are ways to 

reduce the chances of developing dementia and benefit individuals, families and society. 

Public health approach  

Though dementia is a leading public health challenge, a public health lens is a relatively novel approach to 

dementia prevention. Risks can be conceptualised as something the individual can change but a public health 

approach recognises the socioeconomic patterning of conditions such as type 2 diabetes and obesity, as well as 

behaviours such as smoking and excess alcohol consumption.270 Understanding the cause of risk inequalities 

such as unequal access to education, to healthy and safe environments, and poor occupational conditions can 

compel change in societal conditions to maximise the population reach, cost-effectiveness, and health equity of 

interventions.271 272 Since cardiovascular health and smoking partially mediate the relationship between 

socioeconomic deprivation and dementia,128 273-275 life-course, population-level approaches to support physical 

activity, not smoking and a non-obesogenic, healthy diet are expected to have a profound effect on inequalities 

in dementia prevalence. 

Demonstrating a link between changes in these risk factors and subsequent reduced dementia risk is difficult 
because of the life course accumulation of dementia risk and the long pre-symptomatic build-up of pathology 
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means that many years or decades may be necessary to show a difference. Another approach is to use the risk 
(and protective) factors as proxy-outcomes, with assumed causality leading to reduced dementia prevalence. 
Other study designs, such as quasi-experimental studies, also have the potential to provide clarity as to the 
impact of such initiatives on dementia risk. 276There are several population-level interventions with appropriate 
tailoring to cultural and economic contexts, which could theoretically significantly reduce dementia prevalence, 
inequalities, and system-wide costs, including:  

● Fiscal policies such as subsidies to increase affordability of healthy foods and taxation to reduce the 
affordability of alcohol, tobacco and unhealthy food; levies to encourage product reformulation; 
removing financial barriers to continuing education and cleaner fuels.154 252 277 

● Marketing policies – e.g., reducing advertising exposure to unhealthy products, well designed mass 
media campaigns that shift sociocultural norms. 154 252 277 278  

● Legislative and availability policies – e.g., smoking bans in public places, reducing hours of alcohol sales, 
making healthy food more accessible, reducing density of fast-food outlets, provision of safe and high-
quality green spaces and active travel infrastructure, noise exposure reduction and hearing protective 
equipment provision in workplaces, low emission zones to reduce air pollution, and mandating helmet 
usage in travel and sports. 154 252 277    

● Physical environmental adaptations by optimising urban planning, accessibility and infrastructure, as 
recommended in the WHO’s Global Age Friendly Cities Guide.  

● Housing policies: Provision of adequate-socially connected housing for older people is a focus of several 
governmental and third sector organisations, with potential to reduce social isolation and loneliness and 
provide support networks for older people.  

 

Modifiable risk and risk scores 

There are several risk scores to predict future dementia, and five of the most widely used are the Cardiovascular 
Risk Factors, Aging, and Incidence of Dementia (CAIDE) score, the CAIDE-APOE-Supplemented score, the Brief 
Dementia Screening Indicator (BDSI), Australian National University-Alzheimer's Disease Risk Index (ANU-ADRI) 
and LIfestyle for BRAin health (LIBRA) score. The LIBRA score of 12 items uses only potentially modifiable risk 
characteristics 279 and has been used as an outcome in intervention studies. The other four use a combination of 
risk factors, such as age, education and cardiovascular risk factors, and the CAIDE-APOE also uses APOEε4 allele 
status. Genetic risk scores have largely been developed in people of European origin so studies examining their 
impact have traditionally excluded other ancestry groups, although there is some evidence they may be valid at 
predicting dementia in diverse ancestry groups.280 Findings from UKB analysing the four other risk scores  but 
not LIBRA found they have a high error rate for estimating 10-year dementia risk, and did not add to a predictive 
model that included age only. 281  A Whitehall II study reported similar results.282 This suggests that the 
algorithms underlying these risk scores are unable to decouple modifiable risk and age and are unlikely to be 
sufficiently accurate to be used to target people at people at high risk of dementia for interventions.  

Potential risk factors considered with insufficient evidence to include.  

Sleep 

As we discussed in the last commission, it was unclear whether the association of short and long sleep duration 
(usually defined as ≤5 hours and ≥10 hours respectively) is associated with increased risk of cognitive decline 
and dementia or is because people who are developing dementia have disturbed sleep in the prodromal stage. 2 

283-285   Two meta-analyses included studies using varying definitions, from short being <7 hours and long being 
>8 hours and had a follow-up of <10 years until incident dementia, and their findings of an inverted U-shaped 
association between sleep duration and dementia risk remain subject to potential reverse causation bias. 284 286 
Some studies are noteworthy because of longer follow-up but no studies reported those who developed 
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dementia soon after sleep duration ascertainment separately from those who developed it after longer periods. 
255 287-292  

Short sleep duration 
In the million-woman study of 830,716 women (mean age 60 years at baseline) with a 17-year follow -up, there 
was a slightly higher risk of dementia (RR 1.08, 1.04-1.12) among those who reported shorter but not very short 
sleep duration (<7 hours). In the Whitehall II study, persistent short sleep duration ≤6 hours  at age 50, 60, and 
70 compared to persistent normal sleep duration  (7 hours) was associated with a 30% increased dementia risk 
independently of sociodemographic, behavioural, cardiometabolic, and mental health factors.293 In a Norwegian 
cohort of 7492 people with follow-up of 11 years, insomnia (which may differ from short sleep duration), was 
not associated with all-cause dementia, AD or cognitive score.255 

Shift work 
Shift work, where some of the work is outside the normal working day, may disrupt the circadian rhythm and 
this may increase the risk of cardiovascular disease and some other illnesses. However, a systematic review 
found heterogenous evidence of dementia risk and could not draw conclusions.294 A subsequent UKB study 
examined whether shift work might be related to dementia and followed 170,722 people, aged in their early 50s 
at baseline, for a median of 12.4 years, of whom 27,450 (16.1%) did shift work.  It was associated with an 
increased risk of dementia (HR 1.30, 1.08–1.58) but this was not increased further in night shift compared to day 
shift workers, although the power to detect differences was low. 295 

Long sleep duration and napping 
In a Swedish cohort of 28,775 individuals aged 65 years and older, the association between long sleep duration 
and dementia over a 13-year follow-up was completely attenuated after cases occurring in the first 5 years of 
follow-up were excluded from the analysis, highlighting the role of reverse causation bias.291 Similarly,  in the US 
million woman study there was no association between long sleep duration >8 hours or daytime napping and 
dementia on longer term follow-up after the first five years.296  A UKB MR study found a small association 
between habitual napping and higher brain volume (unstandardized ß 15.80 cm3, 0.25- 31.34) but no difference 
in hippocampal volume or cognitive tests.297  

Mechanisms 

Sleep disturbances are postulated to increase dementia risk through several processes.283  They often co-occur 

with other conditions affecting dementia risk (e.g., diabetes, depression, alcohol consumption).  In addition, 

people with impaired sleep may be treated with benzodiazepines which may be related to cognitive decline. 

One systematic review and meta-analysis found very low quality evidence of an increased risk of dementia in 

people taking benzodiazepines in 11 studies with follow-up over 72–264 months (OR 1.38, 1.07–1.77; I2 = 98%; 

n=980,860 ).298  A prospective cohort study found that the risk was higher in those with low benzodiazepines 

dosage compared to those taking higher doses, suggesting the relationship is not causal.299 Experimental studies 

support a detrimental effect of acute sleep deprivation on immediate cognitive performance.300  

Biological mechanisms include neuroinflammation,301 atherosclerosis,302 alpha-synucleinopathies (dementia with 

Lewy bodies and Parkinson disease dementia),303 and impaired amyloid-β clearance.304 However,  this usually 

occurs during deep sleep at the beginning of the night, which lasts one to two hours so is unlikely to be affected 

in those reporting sleep disturbances. 305-307  Amyloid plaque build-up contributes to poor sleep in older adults 

through its direct impact on sleep-wake regulator brain regions.308 309 There is also some evidence of an 

association of Aβ accumulation with disruption of the circadian rhythm and sleep pattern in cognitively normal 

adults.310  
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Decision 

Since the last commission, further evidence indicates that prolonged sleep is not a risk factor for dementia, 

although dementia and its prodrome may cause prolonged sleep. People should not curtail their sleep to reduce 

dementia risk. Benzodiazepines do not appear to cause dementia. 

Overall, current evidence appears to indicate that short sleep duration may be associated with a small, increased 

risk of dementia but there is a lack of evidence about the characterisation of short sleep, and no information on 

sleep quality or circadian rhythm disturbance which may be the factors associated with increased risk of 

developing dementia rather than length of sleep. Therefore, the evidence about short sleep has not yet been 

clarified enough to be sure of causation. We are unable to make recommendations on sleep as a risk factor. 

Diet 

As we previously discussed, nutrition and individual dietary components are challenging to research and there 

are contradictory findings regarding their link with cognition and dementia.2  A diet encompasses multiple 

healthy and unhealthy food and drinks and is often part of a lifestyle, so observed effects may be related to 

lifestyle or be independent of them.311  The Mediterranean and similar diets tend to be less available in LMIC. 

Observational studies of whole diets, dementia, AD pathology and brain atrophy  

Similar healthy diets include the Mediterranean diet, dietary approaches to stop hypertension (DASH) diet, and 

the Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diet which is the Mediterranean 

diet plus specific healthy foods.  One systematic review and meta-analysis identified 16 cohort studies with 

follow-up from 2.2 to 41 years.312 High diet quality relative to low diet quality was associated with lower 

dementia risk (RR 0.8, 0.7 -0.95; n=66,930; 12 studies). This risk was similar when only studies which had follow-

up for >10 years were included (RR 0.78, 0.62-0.99, 6 studies) or when restricted to the outcome of AD. 

However, they reported that studies using a continuous Mediterranean diet score found no significant 

association between Mediterranean diet adherence and risk of dementia. A subsequent larger meta-analysis of 

three cohort studies with 224 049 participants found higher adherence to the MIND diet score was associated 

with lower risk of dementia (HR for every 3-point increment, 0.83; 0.72-0.95;  I2 = 0%).313 A third systematic 

review reported protection in 10 of 21 studies of the Mediterranean diet against global cognitive decline; 3 of 8 

studies against incident dementia and 2 of 4 studies against AD in particular.314  

Since these reviews, a Swedish prospective cohort of 28,025 people in midlife (mean age at first assessment 58 
years, median follow-up 19.8 years) reported neither adherence to dietary recommendations nor to the 
modified Mediterranean diet lowered the risk of dementia, AD or VD or AD pathology. 315  These results 
remained the same when those who developed dementia in the five years after baseline were excluded.   In 
contrast, a UKB study (n=60,298, mean age at baseline 63.8, mean follow up 9.1 years) reported adherence to 
the Mediterranean diet was associated with lower dementia risk independent of APOE status. 316A US cohort of 
older people (n =581, mean age at first assessment =84) found MIND and Mediterranean dietary patterns, 
particularly consumption of green leafy vegetables, inversely correlated with beta-amyloid load, phosphorylated 
tau tangles and global AD pathology at post-mortem. 317 

Ultraprocessed foods 

Ultraprocessed food (UPF) are formulations of processed food substances (oils, fats, sugars, starch, and protein 

isolates) containing little or no whole foods. A cross-sectional US study of 3,632 participants aged ≥60 years 

found overall cognitive performance and memory were not associated with the percentage of daily energy 

intake dietary from UPF after correction for confounders. 318 A  longitudinal study from Brazil (n= 10, 775, mean 

age at baseline 51.6, 5,880 participants (54.6%) women, 5723 (53.1%) White, median follow-up 8 years) where 

individuals whose UPF consumption was in the highest three quartiles, reported a 28% faster rate of global 
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cognitive decline (β -0.004; -0.006 to -0.001) and a 25% faster rate of executive function decline (β -0.003, -0.005 

to 0.000) compared with those in the lowest quartile after adjustment for relevant sociodemographic and 

clinical variables. 319 These studies are not long enough to rule out reverse causation bias.  

Omega fats 

A French study  (n=1279, mean age at baseline 74.3, follow-up 17 years)  found higher levels of omega-3 index in 

plasma  were associated with a lower risk of dementia (HR for 1 standard deviation 0.87, 0.76–0.98), and a lower 

decline in medial temporal lobe volume.320  

Microbiome  

Gut microbiome encompasses all microbes in the gut. Changes in it occur as people age or from obesity, diet, 

infection, CVD, sleep issues or lack of physical activity. It has been suggested that the changes in the microbiome 

mediate the effects of diet on the brain311 and facilitate neuro-inflammation and cell death and are a risk factor 

for dementia. 321 Few studies have examined the associations of gut microbiome with dementia, and we cannot 

draw any conclusions. 

Dietary interventions  

Designing dietary interventions is difficult as the right doses, forms, timing in life and duration remain unclear.311 

We previously found convincing evidence that vitamins did not prevent cognitive deterioration in the general 

population. 2  Since then further studies have not produced convincing benefit. 

A three-year RCT of a dietary educational intervention - dietary counselling and either MIND diet or mild calorie-

controlled diet testing in 604 older people without cognitive impairment, a positive family history of dementia, a 

BMI >25, and a suboptimal diet, found no between group differences in global cognition and a secondary brain 

MRI outcome. 322 Both groups improved in cognitive score, had a similar weight loss of around 5kg and similar 

MRI outcomes. 

 

COSMOS-MIND, was a three-year RCT, nested in the cardiovascular COSMOS RCT in 2262 volunteer participants 

(mean age = 73). The trial tested separately daily cocoa extract (primary analysis) and multivitamin-mineral.323 

Cocoa extract (plus or minus MVM) had no effect on global cognition and MVM supplementation led to a small, 

not clinically, but statistically significant, global cognition benefit (mean z 0.07, 0.02- 0.12) in memory and 

executive function. The authors suggested further studies in those at greater risk.  

COSMOS-WEB was a subset of COSMOS that substantially overlapped with COSMOS-MIND but examined only 

those randomized to cocoa extract or placebo and found that the flavanol intervention did not enhance memory 

over 1 to 3 years.324  A 24 week RCT of anthocyanins (flavonoid found in berries and fruit, thought to be anti-

inflammatory, antioxidant and to improve lipid profile) in 206 people age 60 to 80 years old without dementia  

found no difference in cognitive outcomes.325  They thought this may be because of lack of power and duration 

as there was a difference between the slopes of cognitive decline. 

Decisions 

Nutritional epidemiology studies often but not consistently report an association between diet and biomarkers, 

cognitive decline, dementia, or AD. Studies are of few, mostly Western diets. Clinical trials have generally 

reported that nutritional and dietary interventions do not reduce cognitive impairment. Intervention results are 

small, heterogenous, usually not statistically significant, and, at best could be considered hypothesis generating 

findings, but do not support the primary hypotheses. Positive results in some subgroups indicate that future 

investigation may be useful. There is indication that interventions may need to be longer to have an effect.  
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Eating a diet high in fruit and vegetables and low in ultra-processed foods may be good for many health 

conditions and impact dementia risk factors of obesity, diabetes and hypertension but there is not enough 

evidence to say they are directly useful for dementia prevention. There is a lack of data on the effect of 

malnutrition in early life.  

Infections and systemic inflammation 

In one IPD meta-analysis, severe peripheral systemic infections requiring hospitalisation were linked to higher 

dementia risk and associations persisted after adjustment for age, sex, SES, health behaviours, BMI, 

hypertension, diabetes and APOE genotype (HR 1·22,1·09-1·36).  326  This may partly be explained by higher rates 

of dementia and brain vulnerability in people hospitalised with infection who have a smaller brain volume and 

lower white matter integrity than age-matched controls who are not hospitalised. 327 328 A subsequent electronic 

register study of almost 1 million UK adults, showed that infections resulting in hospitalisation, but not those 

treated in primary care, were associated with a higher risk of dementia or AD. 329 Several viruses and bacteria 

were associated with dementia risk and risk was elevated more in those with CNS infections but also with extra-

CNS infection. 326 330 331 326 In the Baltimore Longitudinal Study of Aging (N=1009), accelerated white matter 

atrophy was observed among individuals with a history of symptomatic herpetic infections. 332 although another 

study found no association between Herpes Simplex infection and cognitive decline or brain atrophy. 333 

Sepsis, pneumonia, lower respiratory tract infections, skin and soft tissue infections and urinary tract infections 

are all associated with higher rates of dementia in people and animal studies. 329 Similarly, raised peripheral 

inflammatory markers are linked to higher dementia risk with one meta-analysis of 10 studies with follow-up 

ranging from two to 25 years. reporting the highest compared to lowest quartile C reactive protein (CRP) had a 

higher dementia risk (HR 1.34, 1.05-1.71) with similar results for Interleukin 6 (IL-6) in four studies (HR 1.40, 

1.13-1.74] and a1-antichymotrypsin in three studies (HR 1.54, 1.14-2.08) but not Lp-PLA2 (HR 1.06, 0.94-1.18). 
334 Higher inflammatory marker levels are also associated with more cognitive decline.335  

There is currently little longitudinal evidence on the long-term impact of COVID-19 and evidence in this area is 

about the effect of COVID-19 on cognitive function and biomarkers, not on dementia risk. COVID-19 may 

increase the risk of cognitive impairment with one meta-analysis finding slightly more impairment in global 

cognition 7 months after infection in adults with no known history of cognitive impairment than in controls 

(MOCA score MD-0.94; -1.59- -0.29).336 In addition, declines in grey matter thickness and total brain size have 

been reported 6 months after SARS-CoV-2 infection in 785 UKB participants compared to those not infected. 337   

Mechanisms of the effects of infection and inflammation  

The mechanisms by which infections may contribute to higher dementia risk remain poorly understood and are 

likely to be bidirectional, with people with cognitive impairment and dementia more severely affected by 

infection and more likely to be admitted to hospital. Although the blood-brain barrier (BBB) protects the brain, 

there are multiple mechanisms for peripheral and central immune communication, including direct pathways of 

peripheral immune cell infiltration across the BBB and indirect pathways of systemic inflammation-driven 

modulation of CNS microglial function. 338 339 Animal and in-vitro studies demonstrate that inflammatory stimuli 

may initiate long-term priming of the microglia, peripheral CD4+ and CD8+ T cells to a proinflammatory state, 340-

342 potentially increasing amyloid plaque deposition.343 Long-term immune activation and systemic inflammation 

can also adversely affect brain capillaries increasing BBB permeability and related entry of neurotoxic plasma 

components, blood cells, and pathogens into the brain. 344 345 As hospital-treated infections are more strongly 

associated with vascular than Alzheimer’s dementia, mechanisms may involve vascular inflammatory pathways. 
326 329 BBB dysfunction has been linked to microbleeds and perivascular oedema, compromising microcirculation 
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and inducing ischaemic damage.346 Furthermore, infections and related systemic inflammation can trigger 

macrovascular events, including stroke, further increasing dementia risk. 

Interventions with vaccines, anti-inflammatory or antibiotic drugs 

Meta-analyses of observational studies suggest that vaccinations against rabies, tetanus, diphtheria, pertussis, 

herpes zoster, influenza, hepatitis A, typhoid and hepatitis B are associated with lower dementia risk, although 

this may be partly due to confounding factors as people who receive vaccinations may have different health 

behaviours and access to health care compared to those who do not.347 One population cohort study using UK 

GP records of 13,383,431 adults age >50 years old found no effect of vaccines on the risk of dementia when 

adjusted for potential confounders. 348 

One systematic review and meta-analysis concluded there was no strong evidence from larger RCTs of 

interventions which modify infection and inflammation, reduce cognitive impairment, or risk or progression of 

dementia. 349  Non-steroidal anti-inflammatory medication for AD, such as naproxen and celecoxib in older 

adults with a family history of AD over 1 to 3-years or aspirin 100mg for older people over 9.6 years did not 

decrease dementia risk, 350 although they did increase adverse events. 351 Minocycline, a tetracycline antibiotic 

which protects against the toxic effects of β-amyloid in vitro and in animal models of AD, did not delay the 

progression  of cognitive impairment in people with mild AD over a 2-year period in a multicentre clinical trial.352 

Interventions such as vaccinations, hand washing and ventilation that avoid infection and therefore reduce risk 

or severity of inflammation and vascular events are good for general health and may lower dementia risk.  

Dental disease 

Dental disease, including gum inflammation (periodontal) disease is associated with chronic, inflammation-

driven disorders and has been suggested to be a risk factor for dementia.353  People with better childhood 

cognitive function have better dental health and, throughout life, use more preventative dental care and lose 

fewer teeth than their counterparts, and this precedes by many decades potential mechanisms of compromised 

nutrition, chronic periodontitis and inflammation related to dental disease.354 

A nationwide Swedish study controlling for demographic, socioeconomic and wider health conditions of people 

aged 40 to 80, did not find a higher incidence of dementia in 7992 individuals with caries and periodontal 

disease than 29,182 matched controls over 7.6 years.355  A US study controlling for demographic, vascular health 

and SES, found that in 3521 people aged ≥ 65 years different (but not the same) periodontal disease were 

associated with either all cause dementia or AD or AD death over 26 years of follow-up.356 The dental disease 

group had had less education, lower disposable income, and more comorbidities. Currently there is not 

consistent, high-quality evidence that dental and periodontal disease is a risk factor for dementia. 

 

Decisions 

The extent to which infections and inflammation are modifiable dementia risk factors remains unclear, as most 
studies are in older people with relatively short follow-up. Specific pathogens cross the BBB, such as syphilis, HIV 
and herpes and are diseases which directly cause dementia. This is not the same as infection being a risk itself. 
Inflammation may be a common pathway for many risks factors for dementia.  
 

Bipolar disorder 

A review of five longitudinal studies examined associations between bipolar disorder and dementia, with follow-

up durations from 4 to 11 years.91 There was no meta-analysis as all studies were based on one of two 
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population-based cohorts (in Western Australia or Taiwan), but there was a consistent association between 

bipolar disorder and dementia risk (HR between 2.31 to 4.55). One included study found greater illness severity 

related to higher dementia risk than to bipolar disorder individuals with no psychiatric admissions, the rate of 

dementia was higher in individuals who had 1-2 psychiatric admissions (RR 2.4, 1.9–3.1) and >2 admissions (5.7, 

4.8–6.8) per year. There was heterogeneity in the extent to which studies adjusted for factors such as 

cardiovascular risk, comorbidities, and alcohol consumption.  

Psychotic disorders including schizophrenia. 

A 2022 systematic review of 11 population-based cohort studies including 13 million people found an overall 

increased risk of all-cause dementia over median 11 years (RR 2.52, 1.67–3.80), although heterogeneity was high 

(I2 99.7%).357 Most included studies were of individuals with schizophrenia, and only one study specifically 

reported findings for early onset schizophrenia (<40 years), which showed higher dementia risk than controls but 

lower risk than late-onset schizophrenia (>40 years).358 Another lifespan study included in the review also found 

lower dementia risk in younger (18-49 years) versus older individuals with schizophrenia.359 However, a third 

lifespan study found higher dementia risk in the youngest (18-60 years) versus older age of onset groups with 

psychotic disorders,360 potentially attributable to more deaths in older cohorts. Studies varied in the degree of 

adjustment for age, sex, comorbidities, alcohol, smoking, medications, income and education levels and there was 

no conclusive evidence on the potential impact of specific comorbidities or antipsychotic medication on dementia 

risk, or risk for specific dementia types. 

Mechanisms 

People with schizophrenia have lower brain volumes at illness onset than the age-matched population  

suggesting a neurodevelopmental cause, 361 and cognitive impairment, a core feature of schizophrenia, is 

already present at illness onset.362 However, there is no clear link between this cognitive impairment and 

specific AD-related neuropathology.363 364  and despite mainly experiencing normal age-related trajectories of 

cognitive functioning during mid-life, they show accelerated brain aging (in neuroimaging) compared to healthy 

controls and people with depression and bipolar disorder.365 One systematic review found that cardiovascular 

risk factors including metabolic syndrome (13 studies; n = 2800; effect size [ES] 0.31; 0.13-0.50), diabetes (8 

studies; n = 2976; ES = 0.32; 0.23-0.42), or hypertension (5 studies; n = 1899; ES0.21; 0.11-0.31)  in people with 

schizophrenia were associated with significantly worse cognition. This higher prevalence of known dementia risk 

factors throughout mid-life, such as cardiovascular disease, hyperlipidaemia, obesity, smoking and social 

isolation  contribute to further cognitive decline in older age.366 People with very late-onset (>60 years) 

schizophrenia-like psychosis (VLOSLP) have a particularly high risk of developing dementia with a HR 4.22.367 

Although some of this can be explained by potential misdiagnosis of psychosis symptoms in dementia as 

VLOSLP, dementia diagnosis rates remain higher in this group for 20 years following diagnosis, and it may 

represent a dementia prodrome. 

Decisions 

Overall, there is consistent evidence that people with schizophrenia have more and earlier dementia than 

others, including those with depression and bipolar disorder. 368  People with schizophrenia have high 

cardiovascular morbidity and less education as well as cognitive impairment related to schizophrenia. We 

currently judge that it is unclear that schizophrenia independently predisposes to dementia but rather that 

people with schizophrenia more often have other risk factors.  We do not know if early intervention can modify 

pre-existing cognitive impairment specific to schizophrenia. We recommend, in line with policy in some 

countries, that people with schizophrenia are considered at risk and enhanced attention is paid to treating 

modifiable dementia risk factors.  
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Anxiety 

A review of seven longitudinal studies found no increased risk of dementia in people with anxiety disorders (RR 

1.18, 0.96-1.45) although individual studies had mixed findings and results were not adjusted for depression. 91 A 

subsequent study of 2551 adults aged 60 to 64  followed for 12 years, found no association of anxiety disorders 

themselves with cognition (after adjusting for depression) or with cognitive decline.369 However, those who 

responded to psychological treatment for anxiety had a lower incidence of all-cause dementia (median 3 years 

later, HR 0.83, 0.78-0.88) than those who did not.370 This may suggest that those who are anxious as part of 

preclinical dementia are less likely to respond to treatment. A meta-analysis found no association between 

anxiety symptoms and Aβ (N = 5141, 13 studies) or tau (N = 1126, 4 studies) in cognitively healthy adults.371 

Post-traumatic stress disorder  

A  systematic review of the associations between post-traumatic stress disorder (PTSD) and dementia found 

three studies in US, Denmark and Taiwan with sample sizes from 8750 to 489,994  and all observed higher risk of 

dementia in 11 to 17 years follow-up, ranging from HR 1.70 to 4.37.91  The risk was more marked in those with 

depression but remained after adjustment for depression. An earlier systematic review and meta-analysis which 

included these studies and another five studies suggested PTSD is a risk factor for dementia, although there was 

considerable heterogeneity between the included studies(HR 1.61, 1.43–1.81, I2=85.8).372 Despite the increased 

dementia risk, a follow-up study over 5 years found no increase in AD pathology in people with PTSD and 

suggested the increased dementia risk is from other causes. 373 There is only one meta-analysis and evidence is 

too heterogenous to generalise and conclude at this stage that PTSD is a modifiable risk factor for dementia. 

Menopause and hormone replacement therapy 

The role of hormone replacement therapy (HRT) was not discussed in the last commission, but it has been 

suggested that menopause and HRT may partially explain the higher prevalence of dementia in women than 

men.  

Two nested case-control studies, using routinely collected primary care data from 16,291 women with dementia 

and 68,726 controls who had taken HRT for ≥3 years found increased risks of developing AD in women who had 

used oestrogen-progestogen therapy for between five and nine years (RR 1.11, 1.04-1.20) and for 10 years or 

more (RR 1.19, 1.06-1.33). 374 375  In line with this, 5589 Danish women who had used oestrogen-progestogen 

therapy aged 50 to 60 compared to those who had never used it had an increased risk of all cause dementia and 

AD (HR 1.24, 1.17-1.33). Risk increased with more years of use, ranging from HR 1.21 for ≤1 year to 1.74 for >12 

years of use. 376 Those taking HRT had increased risk whether they started it at younger or older ages (>age 55 

years). The same risk was not found for progesterone-only or oestrogen-only therapy, and another study 

showed a lower risk of all cause dementia among those aged <80 years old who had been taking oestrogen-only 

therapy for ≥10 years (OR 0.85;  0.76 - 0.94) but not in those who had taken it for less time.375 

Intervention studies 

A meta-analysis of 23 heterogenous RCTs, 9 of which combined oestrogen and progesterone use, reported any 

HRT had a small but statistically significant negative effect on global cognition (MD −0.04,  −0.08 to −0.01, 

I2 = 0.0%).377  Subgroup analysis found no positive effect in short or long term use of HRT in different age groups 

but a more negative effect if initiated after age 60. A further meta-analysis of RCTs found high quality evidence 

that post-menopausal women should not take oestrogen-only therapy to prevent dementia and some evidence 

that it increased the risk. 349   
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Decisions 

Overall, it is unclear whether menopause and HRT are causally related to dementia risk. There is some evidence 

that oestrogen-only therapy, and later-initiation of HRT, may increase dementia risk.  

Multimorbidity, frailty and ageing 

People who have more chronic illnesses and more severe illness are at higher risk of dementia, particularly if 

these illnesses begin in midlife.378 379 Up to 24% of people aged 50 and over are estimated to have frailty and this 

is more common in women.380 In older Americans more frailty was associated with a higher risk of developing 

MCI and dementia (HR 1.66, 1.55-1.78 and HR 1.14, 1.02-1.28 respectively per 0.1 increase on frailty index). 381 A 

further study of 1.7 million New Zealand adults over 30 years follow-up found that physical illness (defined as 

coronary heart disease, gout, chronic obstructive pulmonary disease, diabetes, cancer, traumatic brain injury, 

stroke and myocardial infarction), was associated with dementia risk (RR 1.19, 1.16-1.21).360 In a UKB study of 

206,960 participants, multimorbidity was associated with a 1.63-fold (1.55-1.71) increased risk of incident 

dementia over 15 years follow-up after adjusting for age, sex, ethnicity, education, socioeconomic status, and 

APOE-ε4 status.379 The risk was highest in individuals with cardiovascular and cardiometabolic clusters of disease 

and those with the lower genetic risk of dementia. Outcome-wide studies, such as the Danish disease 

trajectory,382 Finnish community-dwelling studies383 and the Health Improvement Network in French and UK GP-

records, 383 linked dementia risk to a wide range of diseases, which may be related to other risk factors,  

including sequelae of cerebrovascular disease, osteoporosis, severe infections, and mental disorders. Overall 

health, quantified by the degree of frailty, independently contributes tomoderates the risk of dementia in 

relation to neuropathology,  Alzheimer disease biomarkers 384 and polygenic risk score,385   so increased 

dementia risk conveyed by each of these is higher in frailer individuals 

Ageing 

Most people with dementia have other illnesses.2 3  Though age is non-modifiable, the geroscience hypothesis 

suggests that old age diseases are a hallmark of connected cellular and other biological ageing and any 

intervention that targets one ageing aspect is likely to have wider beneficial effects. 386-389  These hypotheses 

suggests that biological ageing may be modifiable and treatments to attenuate it will delay the onset of most 

age-related deficits. In addition, it suggests that ageing gives rise to self-propagating damage across many 

domains, e.g., genomic instability, loss of proteostasis as well as compensatory responses which, if chronic or 

exacerbated, are also deleterious (e.g., cellular senescence). The hypothesis suggests that targeting these 

processes and these senescent cells can prevent or alleviate many diseases. 387  

Interventions and care in dementia 

Diagnosis 

The path to diagnosis 

Timely diagnosis of dementia is a priority in many countries because it is beneficial in enabling planning and 

treatment.390   This is distinct from screening and as we set out in the last commission, the only trial of dementia 

screening did not showed neither benefit nor harm.391  

A review of people seeking diagnosis from 32 studies across 13 countries, found that people with suspected 

dementia and family carers reported multiple barriers and facilitators to diagnosis.392 Barriers included: denial, 

stigma and fear, lack of knowledge, normalisation of symptoms, desire to preserve autonomy, lack of perceived 

need, unawareness of changes, lack of family and friends network support, carer difficulties, problems accessing 

help and lack of preparedness of services to make a diagnosis. Enablers included: recognition of symptoms as a 
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problem, prior knowledge and contacts, and support from informal networks. These may be amenable to 

modification by targeted programmes of public information to facilitate prompt help seeking.  

Equity in Diagnosis 

Much of the work on the pathways to diagnosis comes from HICs. The identification of dementia as a medical 

condition has been challenging in LMICs, where, despite a paucity of studies, we know that health care is under-

resourced and tends to focus on infectious disease, with mental health disorders often stigmatised and hence 

hidden and where some people are still unaware of the illness of dementia,, 393 394  and there are a paucity of 

studies. More people in LMICs present in late stages than in HICs, and this may beperhaps due to several factors 

including lack of public health education, awareness, resources, accessibility, stigma and belief.393 395  

Additionally, many research instruments, even when termed cross-cultural, were developed in HICs and are 

unsuitable for people with low levels of literacy.396   

Previous studies have shown that dDementia incidence397-399 and prevalence 28 is higher in some minority ethnic 

groups in countries such as the US and UK. Notably, this is when measured by population-based survey rather 

than using electronic health records, indicating an under-recording or under use of services by some groups in 

routine data.400 Cognitive screening tools that have primarily been developed in White, English-speaking 

populations, may be unsuitable in more diverse populations as they are affected by education and cultural 

background.401  It is therefore imperative that cognitive assessment incorporates awareness of cultural diversity 

within the populations they serve, using tools that are not dependent on literacy if people have less 

education.402 One possible quality indicator for dementia care is the diagnosis rate, but recording of dementia is 

lower for some ethnic groups,  so anyif the assumption ofis a similar prevalence the calculation are is likely to be 

inaccurate for a significant proportion of the minoritized population. These measures are therefore likely unfit to 

determine whether everyone has access to timely and accurate diagnosis.  

Early diagnosis 

There has been little evaluation of the relative clinical and cost-effectiveness of different models of service 

delivery.403 This means a lack of clarity about ‘what good looks like’ in terms of diagnostic services and care. 

Moreover, and there is only indirect evidence that diagnosis of dementia is beneficial.404 

The rationale for early or timely diagnosis is to sustain people with dementia and their family’s well-being and 

health by opening the door to care and treatment.  A diagnosis upholds an individual’s right to know about their 

illnesses.390  One review found that up to 92% of people with a diagnosis of dementia said they want to know 

their diagnosis 405, and another that 91% of those diagnosed saw benefits in getting the diagnosis, and 60% 

wished they had got the diagnosis earlier.406 These were people who had a diagnosis and those who had not 

were not asked. However, they were not necessarily those who sought one early.  

Diagnosis can provide psychological benefits and time to adjust. It, and facilitates access to services that provide 

practical information, advice, guidance, and psychological and drug treatments. These can support people’s 

ability to better manage their condition, plan for the future, and make decisions about care, support, financial 

and legal affairs whilst they have capacity.407  Potential economic benefits from reducing health and social care 

costs by preventing unnecessary admissions to hospitals and care-homes have been modelled.406 408 409  It is 

currently unknown whether any therapies can modify the disease course in AD to reduce dementia risk.   

There are theoretical harms of a diagnosis of dementia,407 410 for example, early diagnosis might be associated 

with increased risks of depression, anxiety or social withdrawal, particularly if post-diagnostic interventions and 

care are unavailable. There is evidence from a US  national cohort of a lower risk of suicide in people with a 
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diagnosis of dementia (HR 0.71, 0.53-0.94 ) but an increase in  short-term suicide attempts after people were 

informed they had MCI or dementia ( RR 1.73, 1.34-2.22; RR 1.44, 1.17-1.77 respectively).411 There was no  long-

term increase in suicide attempts.   

Mobile and wearable devices hold promise for detection and diagnosis of neurodegenerative disease as their 

routine use in the general population is widespread and increasing, and they can contain multiple sensors to 

study physical changes and cognitive abilities. 412 However, a review of 20 mobile phone applications (apps) 413 

reported none met criteria for use as a screening tool. Another review of 275 apps 414 suggested that those with 

artificial intelligence capabilities and use of machine learning had potential for detection and monitoring and 

should be further evaluated. However, there will be challenges in the existing data that inform such AI, 

particularly from the lack of representation of diversity in the data available.  

The balance of evidence and ethical principles finds that people should have access to timely and accurate 

diagnosis with appropriate interventions when they are seeking help, but the evidence does not justify screening 

the whole population for dementia. 

Biomarkers in AD 

Research on biomarkers for Alzheimer pathology have progressed since the last commission. Amyloid-PET 

(positron emission topography) and tau-PET correlate with post-mortem amyloid plaques and neurofibrillary 

tangles. A low cerebrospinal fluid CSF Abeta42/Abeta40 ratio alone or combined with high ptau is correlated 

with amyloid plaques and Alzheimer pathology. There is also potential to use amyloid and ptau molecular 

(liquid) biomarkers as a way of giving information about the underlying cause of a dementia or as confirming the 

presence of Alzheimer neuropathology or as a predictor for the future development of cognitive impairment. 

Meaning and measurement of predictive markers 

These markers may be used as diagnostic aids for Alzheimer disease and pathology and to consider those at 

higher risk of developing AD and therefore to define trial populations 415 416 but there are severe limitations. 

Multiple neuropathologies are common in older populations and more common than Alzheimer pathology alone 

(see figure 1). 15 In addition, amyloidosis occurs in people who are not cognitively impaired and is strongly age-

related. Abnormal amyloid biomarkers alone in older people who are not cognitively impaired is not a strong 

predictor of future impairment.  

As discussed in the last commission, most people who are amyloid positive with or without neurodegeneration 

but without cognitive impairment, do not develop Alzheimer’s dementia over the next 10 years or during their 

lifetime. In a US sample, at age 70, 10% of women were amyloid positive but 1% had Alzheimer’s dementia. 417 

By age 85 these figures were 33% positive versus 9%, Alzheimer’s dementia with figures similar for men. 

Validated biomarkers for dementia-causing conditions measure the presence of amyloid (A) and tau (T), and 

these and neurodegeneration (N) are incorporated in some definitions of AD pathology,  the “amyloid–tau–

neurodegeneration” or A/T/N approach, but this does not mean that someone has dementia.418 419 However, 

their absence indicates the absence of Alzheimer’s disease (but not, necessarily, dementia).420 One community-

based autopsy cohort study of amyloid (A), tauopathy (T), and neurodegeneration (N) markers found only 8% of 

(A+T–[N]) and 68% of (A+T+[N]) were associated with incident dementia in the last 5 years of life.421 In people 

without dementia, CSF based estimates of amyloid pathology  are up to 10% higher than PET estimates.422  

Tau PET uptake occurs at a later stage and age than amyloid and is more closely associated with cognitive 

dysfunction than amyloid-PET.423 424 Biomarkers of neurodegeneration, such as hippocampal atrophy, medial 

cortex thinning, low glucose uptake on fluorodeoxyglucose (FDG)-PET, or raised CSF neurofilament light (NFL- a 
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non-specific marker of neurodegeneration), are more closely associated temporally with cognitive decline than 

amyloid and tau fluid biomarkers.425 Cognitively unimpaired people who have amyloid and tau in the medial 

temporal lobe or  temporal neocortex are more likely to decline cognitively compared to people who have 

neither and, over 6 years, the risk in those that are tau positive in temporal neocortex may approach 50%, with 

lower but still significantly increased risk in those with tau in temporal medial temporal lobe. 426.  However, this 

finding should be interpreted cautiously; in six years most people with tau did not develop dementia - small 

numbers of incident dementia cases (12 out of 60 people with tau in medial temporal lobe, 2 out of 51 people 

with tau in temporal neocortex) led to imprecise estimates of chance of dementia. Other biomarkers and 

progress in proteomics and metabolomics may uncover new pharmacological targets.427-429 

Blood based biomarkers. 

Since the last Lancet Commission, research has progressed into the validity of blood-based biomarkers for the 

specific diagnosis of AD in someone with dementia. Soon it may be that blood-based biomarkers substitute for 

CSF or PET markers in determining eligibility for clinical trials and cohort studies and for staging the extent of 

Alzheimer-related pathology. They may be used to  identify people with dementia who do not need more 

invasive  or expensive investigation, either because of very low or very high probability of having AD. 430 The 

ratio of plasma Aβ42:Aβ40 using a high precision assay has a high correlation with amyloid PET. 431 432 Plasma p-

tau181, p-tau217, and p-tau231 have a good or better accuracy than amyloid  CSF Abeta and tau and PET 

measures of tau and amyloid pathology in discriminating people with amyloid pathology who may have clinical 

symptosm.433-435 They theoretically overcome some cost, scalability and acceptability limitations of PET- and CSF 

biomarkers with lower patient and clinician burden, through local sample collection with potential central 

quality-controlled processing, increasing access to a pathology-specific AD diagnosis.    

However, it is unclear that they add value to prediction of whether people are developing Alzhimers dementia.  

A combination of multiple blood-based biomarkers and demographic information, like age and sex, may allow 

for determining individualised risk of developing AD dementia and this has done in an MCI population.436  Yet, 

when blood-based biomarkers of p181-tau + Abeta42/40 were used in France in a clinical population of 2323 

people with subjective cognitive impairment or MCI that were followed for 5 years, blood-based biomarkers 

added little to predictions of AD/mixed dementia vs no dementia, relative to a clinical model that used 

demographics and neuropsychological assessment only, Concordance (c-index) of prediction rose from 0.88, 

(0.86-0.9) to 0.90, (0.88; 0.92). 437  

In addition, most research has been in almost exclusively White populations, with a systematic review finding 

five studies and none were in Black Africans.438 Small studies in African Americans report lower levels of p-tau in 

both cognitively normal individuals and people with dementia and so the generalisability of biomarkers from 

White populations is unclear. A subsequent review found seven studies and again reported lower tau levels in 

Black individuals with dementia, but none found this was explained by greater vascular burden. 439  

Biomarkers in AD trials 

Another development since the last Commission has been the use of biomarkers in trials of disease-modifying 

therapies for AD – from eligibility to safety to surrogate endpoints of the effects.  Lecanemab, a monoclonal 

antibody targeting soluble Aβ protofibrils, required PET or CSF evidence of amyloid pathology for trial 

enrolment. 440 A phase 3 trial showed efficacy in slowing cognitive decline in early AD (MCI and dementia). The 

phase 3 trial of donanemab, a monoclonal antibody targeting Aβ plaques, required people with early AD to have 

both a positive amyloid PET and tau-PET, and for the level of tau-PET binding to be below a prespecified level to 

include those with early disease.441 Both used amyloid PET to assess amyloid lowering and it was a stopping 
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criterion in the donanemab trial. Blood biomarkers could be used to assess whether to perform a PET scan and 

thus lower the cost of such trials. 442 443  

Genetic testing  

Knowledge about genetic testing in dementia has advanced rapidly but is not widely useful as most dementias 

are not caused by autosomal dominant genes. A positive genetic test for one of the alleles that leads to the rare 

autosomal dominant, early-onset AD increases the precision of the diagnosis and helps family members 

determine personal risk, may inform reproductive choices and can assist in clinical trials.  

Genetic testing for the APOEe4 allele is not used diagnostically and many people with AD do not have it. APOE 

alleles contribute to the heterogeneity of the AD disease course. A post-mortem study  (N= 1109) found a 10% 

faster rate of cognitive decline yearly in APOEe4 carriers (−3.45 vs −3.03 MMSE points per year) and a 20% lower 

rate of decline in e2 carriers (−2.43 vs −3.03 points per year) compared to APOE e3/e3 carriers.444   

Summary of biomarkers now and in future 

Biomarkers look for a particular pathology not for a clinical syndrome and a biomarker is not a blood test for 

dementia. Amyloid-PET (positron emission topography) is FDA approved for marketing and reimbursement, as 

an AD diagnostic aid, that correlates with post-mortem amyloid plaques and neurofibrillary tangles.  If used in 

people without dementia as marker of people with (asymptomatic) Alzheimer’s disease as having Alzheimer’s 

dementia, they have the potential to increase the measured rates without there being any increase in people 

with the illness and may cause harm diagnosing people who will not develop dementia.  Currently, biomarkers 

should not be used alone to determine treatment as most people with a biomarker by itself will never develop 

dementia. The hope is that if effective pre-symptomatic therapies are developed then accessible, cost-effective 

biomarkers for AD or other dementias may become important predicting who are likely to progress to illness 

and when, or as a surrogate endpoint for efficacy and to increase equity, but they have not reached this stage 

(see figure 9). 443    
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Figure 9 The hoped for vision of future use of biomarkers for dementia in clinical trials. Biomarkers 

might be able in future to inform study inclusion by identifying those with elevated risk, a condition of 

interest, or stratification and predictive markers; and biomarkers could be used as surrogate outcome 

measures 443  with permission. 

Interventions once a diagnosis has been made. 

Principles of intervention in people with dementia 

The progressive nature of dementia means that people living with dementia require re-assessment and the 

application of tailored approaches to address their changing care needs over time. These needs can be complex 

and include physical multimorbidity, psychological, behavioural, and cognitive symptoms and possible risks 

arising from these.  

Individualising interventions 

People with dementia are individuals, whose support and intervention needs are influenced by family, 

friendship, culture and environment as well as changing cognitive, neuropsychiatric, functional and physical 

symptoms, as we discussed in the last commission.2  However, despite the availability of evidence-based 

practices, dementias continue to be under-detected and many individuals’ and family carers’ needs are 

unevaluated and unmet.3  

Published best practices for dementia care globally include managing medical problems like high BP, diabetes, 

and COPD; preventing and treating infections and delirium; environmental accommodations for safety, 

preventing falls and maintaining function; medication management including simplifying and reducing daily 

medications, for example, reducing or stopping antihypertensives if BP is falling; treatment of symptoms 

through behavioural interventions; use of  supportive and social services including assistance with activities of 

daily living, physical activity, meaningful activities, social engagement, healthy nutrition and hydration and 

addressing family carer needs. 2 3 445  

Culturally appropriate or adapted interventions 

Most interventions are developed in high-income countries (HICs). Interventions should be co-designed with 

local communities to ensure appropriateness for the context, culture, beliefs and practises which vary within 

and between countries.446 In LMICs, dementia is often not recognised and diagnosed and, when it is, people 

living with dementia are often faced with a lack of resources for treatment and care, including treatment of 

other illnesses and support for families. 447 The appropriateness of use of evidence-based interventions in LMICs 

can be uncertain, not only because of the lack of healthcare infrastructure and resources to deliver them, but 

also because of cultural differences that may make them inappropriate or less effective. 

Effectiveness of interventions developed in one place will vary with acceptability and feasibility in different 

populations and thus while active ingredients  should remain the same in different countries, interventions must 

be tailored in language and culture. 448  Cultural adaptation is important for psychological interventions for 

various mental health conditions, and meta-analyses have shown that such interventions are more effective 

than non-culturally adapted interventions. 449-451  

A systematic review considering culturally tailored interventions for people living with dementia and family 

carers, found that culturally adapted interventions were as acceptable, feasible and effective when used in 

LMICs as in their original context as long as the interventions’ core components are not compromised in the 

process.448  Adaptation involves considering local cultures, needs and resources and identifying barriers and 
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facilitators to their implementation. There are different opinions as to whether it is then necessary to conduct a 

full RCT in a new setting when an intervention has already been found to be effective as there may be biological, 

ethnic, cultural, and socioeconomic heterogeneity that influences treatment response and safety.448 452  

However, following cultural adaptation, interventions need to be tested and their components evaluated in the 

local context, to determine their acceptability and feasibility and to help define and refine the delivery 

characteristics of the intervention. It is important to include key stakeholders in the adaptation process and 

report the processes and outcomes considered. 448 Important other considerations are cultural appropriateness 

of outcome measures, many of which are developed in HICs, and scalability of the intervention.   

Multicomponent dementia care interventions 

Multicomponent dementia care models with person-centred care coordination aim to target assessment of risk 

and need for the person living with dementia and family carer using evidence‐based approaches, which may 

include neuropsychiatric symptoms and carer quality of life. 453 Individual studies of care coordination have 

shown reduced care home admission, and cost-effectiveness from a societal and individual perspective,454 but a 

meta-analysis of 14 care coordination RCTs did not show a statistically significant reduction in care home 

admission or hospitalisation. 453 Models that include a partnership between primary and specialised care may 

lead to reduced health care costs.455  

Interventions for family carers 

Caring for a family member with a deteriorating illness such as dementia is usually difficult. A meta-analysis (43 

studies, 19911 participants) found a pooled prevalence of family carer depression of 31.2% (27. - 35.2).456 There 

is evidence that some multicomponent carer interventions are effective in the short and long-term; and these 

usually include information about medical and community-based resources, skills training; stress reduction and 

coping technique, providing emotional support and future planning. 2 457-461 They reduce family carer depression, 

depression, burden, or stress and are cost-effective and cost saving. There is evidence that they are effective in 

Western and Asian HICs but little evidence in LMICs.462  They can be culturally adapted and delivered by trained 

facilitators without clinical qualifications  The START (Strategies for relatives) intervention developed and found 

to be clinically and cost effective in the UK,  has been adapted for use to widen access, by making it culturally 

appropriate for Black and South Asian carers, and was successfully delivered in the third sector.463 464 A Cochrane 

review reported that remote delivery of interventions for family carers of information or support is not more 

effective than usual care. 465 A meta-analysis of internet-based psychoeducation for carers showed a small effect 

on depressive symptoms (SMD −0.19, −0.03 − 0.35) but not on anxiety, burden, and quality of life.466 

Interventions for cognitive symptoms 

Symptomatic treatment: Cholinesterase inhibitors and memantine 

In the previous commissions we discussed cholinesterase inhibitors (ChEIs) and memantine, the current drugs 

for symptomatic treatment of cognitive symptoms in AD and dementia with Lewy bodies (DLB). While they were 

initially evaluated for people with mild-to-moderate AD, meta-analyses indicate that they are also related to 

better outcomes compared to placebo in severe dementia in severity of symptoms (SMD 0.37, 0.26–0.48; 4 

studies), activities of daily living (SMD 0.15, 0.04–0.26; 5 studies) and decreased mortality compared to placebo 

(RR 0.60, 0.40–0.89; 6 studies).467 

Longer-term, real-world studies are now published. These include a study demonstrating that 11,652 Swedish 

propensity-matched patients with AD who took ChEIs, compared to 5,826 who did not, performed slightly and 

persistently better during mean 5-years follow-up (MMSE 0.13; 0.06–0.20 points per year better), with a dose-

response effect.468  A similar propensity-matched, more long term study reported larger differences between 
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people who did and did not take ChEIs; in 1,572 patients with dementia, the average decrease in MMSE in those 

taking ChEIs was 5.4 points and 10.8 points in those not at the end of 13.6 years follow-up (p < 0.001).469 There 

was a strong association between ChEIs and lower all-cause mortality (HR 0.59, 0.53–0.66). Additionally, in a 

study of 592 patients with DLB, the 100 patients who took ChEIs and 273 who took ChEIs and memantine had 

significantly lower risk of death (HR 0.67; 0.48-0.93; HR 0.64; 0.50-0.83 respectively) than 219 who took neither, 

after controlling for sociodemographic factors, physical and cognitive health, and medication use. Those taking 

ChEIs or both ChEIs and memantine had significantly less time in unplanned hospitalisation for physical 

disorders.  

These studies are observational, not randomised, and may reflect residual confounding based on willingness to 

initiate treatment so people taking ChEIs have unmeasured factors which may lead to better outcomes. Trials 

show that ChEIs do not cure or stop cognitive decline but have short-term modest positive effects and that 

stopping them is associated with worse outcomes in the longer term. Clinicians can offer these relatively 

affordable (in HICs but not LMICs), readily available, some but low side-effect medications for people with AD 

and DLB. 

Anti-amyloid and anti-tau therapies for Alzheimer’s disease 

Clinical trials have investigated disease-modifying therapies (DMTs), drugs intended to affect AD pathological 

processes by targeting amyloid-β or tau protein, inflammatory pathways, or metabolic dysfunction,470 as they 

may alter illness expression and progression. The hypothesis is early amyloid-β accumulation leads to AD, so 

amyloid-β-targeting immunotherapy studies aim to treat those with positive amyloid or tau biomarkers, who are 

cognitively unimpaired, or have MCI or mild Alzheimer’s dementia. For older individuals with sporadic AD (which 

accounts for >95% of AD cases), it remains unclear how strongly early differences or longitudinal changes in AD 

biomarkers influence lifetime dementia risk or clinical progression to dementia.  

Since our last commission there have been positive trials of three anti-amyloid-β monoclonal antibodies for 

treatment of MCI due to AD and mild AD dementia in those with amyloid-beta biomarkers.  In two conflicting, 

identically designed phase 3 trials, aducanumab was associated with less decline than placebo of 0.39 (0.09-

0.69) Clinical Dementia Rating scale-Sum of Boxes (CDR-SB) points (out of a total possible score of 18) at 18 

months in one study, and a statistically non-significant outcome favouring placebo in the other. 471 Lecanemab 

was associated with less worsening by 0.45 (0.23-0.67) CDR-SB points compared to placebo worsening after 18 

months’ treatment and in secondary cognitive, activities of daily living, and compositive outcomes. 440  

Donanemab reported less worsening in integrated Alzheimer Disease Rating Scale in the drug group −10.19 

(−11.22 to −9.16) compared to placebo worsening −13.11 (−14.10 to −12.13) after 18 months’ treatment and in 

secondary cognitive, activities of daily living, and compositive outcomes. 472 The clinical importance of this 

difference is controversial.473-476 

Aducanumab received accelerated approval in June 2021, 477 with the post-marketing requirement to perform a 

phase 4 trial, though one such attempt has been abandoned due to low uptake. Lecanemab received FDA 

approval in July 2023. 440.The approvals were based partly on the understanding that a reduction in amyloid-β 

PET load, or plaques, were likely to predict clinical benefit, although this is currently unvalidated. These 

antibodies have not been tested in those with moderate or severe dementia, with lowest score as MSE 22 for 

lecanemab, and MMSE 20 for donanemab. Those in the trial needed biomarker-evidence of amyloid positivity, 

access to health facilities for biweekly intravenous treatment administration and regular MRI and clinical 

monitoring for up to 18 months, or potentially longer. 
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Clinical implications 

There is excitement about these positive results but no consensus about whether these drugs are a huge 

advance or not, or whether observed effects are worthwhile given the known burden, risks and costs. 478 We do 

not yet know whether clinical benefits will increase with ongoing treatment or that drug-placebo differences will 

remain steady so the effect remains less than that of donepezil, or if it even decreases given the treatment 

group had increasing brain atrophy.479 480 Future results from open label extensions of trials may help answer 

these questions but there will be substantial dropouts, and competing morbidity and mortality.   

Clinical trials of drugs for AD have generally been with relatively homogeneous populations. The stringent 

eligibility criteria made study population’s health better than the general AD population 481 and historically 

excluded racial and ethnic backgrounds were under-represented, although there were higher numbers of 

minoritized groups in the lecanemab trial. Only 20% of those with mild AD fulfilled the trial’s inclusion criteria 

and only 8% of those with a diagnosis of early AD in the Mayo Clinic Study of Ageing would have met the 

inclusion criteria. Thus, it is difficult to generalise findings to many or most people with AD who have high levels 

of multimorbidity and mixed neuropathology and who live in countries where healthcare systems could not 

support this level of intervention. 

A meta-analysis of 101 trials reported that 94.7% of the population were White and most excluded people with 

psychiatric illness (78%) cerebrovascular disease (68%) and cardiovascular disease (71%) and needed a family 

carer to attend infusions (80%).482 The small effect makes it harder to discount the influence of potential 

unblinding from adverse effects, including ARIA-E (oedema or effusions) and ARIA-H (micro-haemorrhages, 

macro-haemorrhages (i.e., strokes), or superficial siderosis) in over 20%, and infusion-related reactions, 

occurring  in about 26% of patients on lecanemab, and only 7.4% of patients on placebo. 483 440 471 There are 

ongoing safety concerns because of accelerated brain atrophy and deaths with amyloid plaque-lowering 

immunotherapies. 484 485  Lecanemab has a boxed warning for serious and symptomatic ARIA and requires 

testing for APOEε4 prior to initiation as homozygosity increases risk.486   

So far, there has not been marketing authorisation outside the US. Aducanumab, although freely available in the 

US by prescription is rarely prescribed. For lecanemab, in the US, Medicare and CMS will provide usual coverage 

if physicians enter patients’ data into a CMS-facilitated registry.487 Lecanemab is nominally priced at $26,500 per 

patient per year.488 It is unknown, however, the price that Medicare, the US Veterans Administration, and 

private insurers will pay. In addition, there are costs for the many physician visits, biweekly infusions, lab tests, 

MRIs, and PET scans and management of side-effects. Medicare patients are typically required to co-pay 20% for 

all of this. The US Institute for Clinical and Economic Review (ICER) reported the cost-effective annual pricing 

was lower for lecanemab, between $8900-21,500.489 Treatment costs if lecanemab was available in the 27 EU 

countries, for those qualifying for it, at US pricing are estimated at 133 billion EUR per year, equivalent to over 

half of the total pharmaceutical expenditures in the EU490 before treatment-related costs are considered. 

Summary of DMT 

This field is moving fast and finding amyloid-targeting treatments which influence cognition is an important 

milestone which may be the beginning of the development of drugs that can make a bigger difference.491   The 

resources required to support earlier biomarker-based diagnosis and supervision of administration and safety as 

well as to buy the drugs, will mean that roll-outs into many health systems will be slow or not at all.  We 

recommend that they are used in research centres to find out more about the side effects in more typical 

patients and whether the long-term effects support disease modification or not.  
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Cognitive interventions for people with dementia  

We previously reported that the literature suggested that people completing cognitive interventions had 
improvements in general and specific cognitive abilities such as verbal fluency which lasted for a few months to 
one year.2  A 2023 Cochrane review of 25 studies using the MMSE, with 1893 participants, found that there was 
moderate-quality evidence of a clinically important difference of 1.99  (1.24-2.74) points between cognitive 
stimulation and control groups, and clinically relevant improvements in communication and social interaction.492  
Improvements were larger when sessions were twice, rather than once weekly, and where people had mild 
rather than moderate dementia. 
 

Interventions for neuropsychiatric symptoms of dementia 

Activity interventions 

RCTs since 2018 of tailored activity programmes (TAP) and other activity interventions are shown in Table 2. A 

systematic review and meta-analysis of 7 studies of the TAP interventions found a moderate effect on improving 

quality of life (standardised ES Cohen’s d 0.79, 0.39–1.18; 7 studies, n=160), decreasing neuropsychiatric 

symptoms (0.62; 0.40–0.83) and decreasing carer burden (0.68, 0.29–1.07).493  Good quality RCTs of exercise 

interventions for people with dementia found they did not improve neuropsychiatric symptoms, cognition or 

functioning .494 495  
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Table 2: RCTs of activity programmes for people with dementia 

Citation Intervention  Target population Study Design Key Outcomes 

Ballard.496 

 

WHELD (Well-being and health 

for people with dementia) 

trained care staff to promote 

tailored person-centred 

activities and social interactions. 

System for changing 

inappropriate medications. 

Staff trained by trial team. 

Staff and nursing home 

residents 

Cluster randomised 

controlled trial (RCT) 

intention to treat with 

69 UK care homes in 9-

month clinical trial -847 

participants 

Improved quality of life,  
agitation and neuropsychiatric  
symptoms and cost savings 

Gitlin 497  Tailored Activity Program (TAP) 

- Carers trained to use activities 

tailored to interests and abilities 

of veterans with dementia. 

Disease education and stress 

reduction techniques  

Trained occupational 

therapists (OT) provided 

activities to veterans at 

home  

Single-blind, parallel, 

RCT 160 dyads of 

Veterans with dementia 

and their family carers 

For person with dementia, 

↓behavioural symptoms, 

maintenance of daily function, 

and ↓pain.  Carer distress from 

behaviours 

Gitlin et al 
498 

TAP  OT provided 8 sessions TAP 

in the home to individuals 

with agitation with moderate 

dementia 

Single-blind RCT of 250 

US dyads with a 

dementia diagnosis and 

clinically significant 

agitation/aggression 

Carers report TAP made life 

easier, ↑ ability to provide care, 

and person with dementia’s life 

somewhat or very much. TAP 

group had fewer deaths/ 

hospitalisation  

Gitlin 499 TAP programme with subsample 

of white and black dyads 

OT provided tailored 

activities and instructions to 

carers at home. 

Single-blind, two-arm 

RCT. 193 White and 

Black dyads 

Behavioural benefits for people 

with dementia at 3 months. More 

benefit for Black dyads than White 

dyads. 

Lamb 500 Aerobic and strength exercises 

tailored to fitness and health 

status. (DAPA trial) 

Physiotherapists and 

exercise assistants 

prescribed and supervised 

interventions for people with 

dementia  

Multicentre, pragmatic, 

investigator masked, 

RCT N=494 

Greater cognitive impairment in 

exercise group. No effect on 

quality of life or neuropsychiatric 

symptoms.  

Sanders49

4 

Research staff trained 

participants in combined 

walking and strength exercise 

Aerobic and strength training 

intervention (“exercise”) 

Health care staff selected 

participants with mild-to-

moderate dementia in day or 

residential care. 

RCT-91 participants  No effects on cognition, 

endurance, mobility, balance, and 

leg strength. Gait speed improved 

after high-intensity exercise. 

Harwood 
495 

Dementia-specific programme 

focussing on strength, balance, 

physical activity and 

performance of ADL. Tailored 

and progressive. 

Mild dementia or Mild 

Cognitive Impairment  

RCT- 365 participants Did not improve ADLs, physical 

activity, quality of life, reduce falls 
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Studies vary in the quality of evidence and design strategies, from feasibility studies and small RCTs to large 

multi-site, cluster randomized trials. Overall, the evidence supports earlier trials showing that different types of 

activities and being actively engaged reduced depression, neuropsychiatric symptoms and improved overall 

well-being in people with dementia and in some cases had important benefits for carers, such as saving time in 

caregiving. Successful activity-oriented interventions tend to be tailored to individual’s interests, preferences 

and abilities and involve the family carer. However, the scalability and implementation of tailored activity 

interventions, and the potential cost of these interventions need additional inquiry with only two studies 

evaluating cost effectiveness.  In contrast, RCTs of exercise as an activity did not find any mental health domain 

improvement in either community or care homes. 494 495 500 

Sleep disturbance in people with dementia  

Dysregulation of the sleep-wake cycle is common in people with dementia, due to multiple mechanisms 

including the pathophysiological processes affecting the hypothalamus and the brainstem, lack of activity and 

light, pain, anxiety and the environment. 501 A meta-analysis reported the pooled prevalence of clinically-

significant sleep disturbance in community-dwelling people with dementia to be 19% (13-25; n = 2753) and 

there has been no change in prevalence over time, suggesting treatment has not improved sleep.502 Sleep 

disturbance was less common among people with AD (24 %, 16-33, n = 310) than DLB (49%, 37-61 n = 65). The 

prevalence was similar in a meta-analysis of care home residents (55 studies n= 22,780; 20% 16-24).503 

There continues to be little evidence that medication is effective. One review of nine RCTs rated to be low-

quality 504 found low-certainty evidence in a small trial (n=30) that trazadone 50 mg for two weeks may improve 

time asleep but no clear effect on other sleep parameters (MD 42.5 minutes, 0.9 -84.0). An orexin antagonist for 

four weeks in 274 people with mild-to-moderate AD increased time asleep (MD 28.2 minutes, 11.1- 45.3) and 

decreased time awake after sleep onset (MD –15.7 minutes, –28.1- –3.3) without increasing adverse effects but 

did not affect number of awakenings. There was no evidence of melatonin efficacy. There are no RCTs of 

benzodiazepines or Z-drugs for sleep in people with dementia, but they may cause significant harms. In 

longitudinal primary care studies, higher dose Z-drug or benzodiazepine use (equivalent to  ≥ 7.5 mg zopiclone 

or >5 mg diazepam) in dementia was associated with increased fracture and stroke risks and so should be 

avoided for this purpose.505 There is no conclusive evidence that non-pharmacological interventions improve 

sleep in dementia, although trials are underway.506 

Depression 

We described in our previous commission the evidence that antidepressants are no more effective than placebo 

for depression in people with dementia.2  People in both groups improve and it can be argued that drug 

treatments are held to a higher standard than non-drug interventions when the non-intervention group usually 

receives treatment as usual. It is likely that for many people, depression in dementia differs from depression in 

those without dementia as brain changes in dementia, which vary between different subtypes of dementia, may 

mean that antidepressants which are effective in depression without dementia do not work. 507 A Cochrane 

review of RCTs of psychological treatments for depression and anxiety in MCI or dementia  found what they 

labelled CBT-based treatments (four CBT,  eight behavioural activation and two problem solving therapy) added 

to usual care for people with dementia or MCI and depressive symptoms or depressive diagnosis had a large 

effect (SMD ‐0.84, ‐1.14 - ‐0.54; I² = 24%; 4 studies- 3 of which were problem solving therapies, 194 participants)  

but there was little or no effect for those without depressive symptoms or diagnosis at baseline. 508  Supportive 

and counselling treatments were not effective.  
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Psychosis 

Aetiology 

Psychosis can precede dementia and as discussed in the risk section; very late onset schizophrenia may be a 

dementia prodrome. 509 Psychotic symptoms in dementia are associated with a particular tauopathy and 

neocortical synaptic disruption but it is not known if these are causal.509 There is also a modest association 

between psychosis in AD and APOEε4, which does not account for all of the risk.510  

Management 

We previously discussed how comprehensive clinical assessment is essential in suspected psychosis in dementia, 

as misremembering experienced by individuals with dementia is distinct from delusions, and new psychotic 

symptoms may be due to delirium.1   

If a person with dementia is not distressed by psychosis, they may not require treatment. Management should 

continue to start with non-pharmacological interventions, to maximise stimulation such as improving hearing 

and sight and increasing social and other stimulation.  

ChEIs have a minute effect on improving psychosis in AD with a meta-analysis of IPD from 12 RCTs of ChEIs for 
psychotic symptoms as secondary outcomes in AD  (delusions −0.08, −0.14 - −0.03, I2=0;  hallucinations 0.09, 
−0.14- −0.04; I2=0, n= 5580). 511  Caveats remain about any antipsychotic use, which include increased dementia-
specific mortality, and these may be appropriate for those whose psychosis creates distress or functional 
impairment and should be prescribed in as low a dose and for the shortest time possible. Meta-analyses find 
risperidone and aripiprazole are the antipsychotics with the best evidence, with evidence that there is less risk 
of stroke with risperidone for delusions than other indications. 509 2 

An RCT of pimavanserin (an atypical antipsychotic with selective serotonin 5-HT2a inverse agonist effect) 
withdrawal in dementia-related psychosis was stopped early due to lower rates of relapse in the treatment 
versus placebo groups, which appeared to be driven by effects in people with Parkinson’s disease.512 A US 
retrospective cohort study comparing pimavanserin (n=3227) with atypical antipsychotics (n=18442) in 
Parkinson’s disease with or without dementia, found a 35% lower mortality rate in those treated with 
pimavanserin513. An earlier RCT of efficacy in AD psychosis showed differences favouring pimavanserin at week 6 
but not at 2, 4, 9 or 12 weeks.514  Pimavanserin is approved as a treatment for psychosis in Parkinson’s disease,  
but the FDA rejected it for treatment in AD.  

Agitation 

We have previously, and still recommend, an approach for the comprehensive assessment and management of 

agitation in dementia, which is common, heterogenous, distressing and associated with increased carer burden 

and costs of care.1 Immediate action requires assessment of underlying reasons for agitation, such as pain and 

distress and management of these before using medication.  

Certain antipsychotics, such as risperidone, are licensed in UK, Australia, Canada and EU for treating agitation in 

dementia. In May 2023, brexpiprazole became the first antipsychotic to obtain US FDA marketing approval for 

treating agitation in AD but does not afford better efficacy or safety than other atypical antipsychotic drugs for 

this indication.515 516 517 A phase 3 study (N=433) showed that treatment with brexpiprazole 2mg per day for 

agitation in AD was associated with an improvement of -3.77 Cohen-Mansfield Agitation Inventory (CMAI) points 

versus placebo at 12 weeks.516 The most recent larger 12-week phase 3 RCT of brexpiprazole 2-3mg per day for 

agitation in AD (n=345) reported an improvement of -5.3 CMAI points compared to placebo. 518  In comparison, a 

pooled analysis of RCTs of risperidone that used the CMAI (n=1150) showed a mean dose of 1mg/day was 

associated with an improvement of -5.4 CMAI points at 12 weeks.519 The main concern with antipsychotic drugs 
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in dementia is increased risk for cardiovascular adverse events and mortality.520  Brexpiprazole treatment was 

associated with numerically more deaths compared to placebo (6 versus 1). Risperidone remains the atypical 

antipsychotic with the largest RCT evidence base in the treatment of agitation.  These medications should only 

be used after a thorough assessment and management of underlying causes of agitation, a trial of non-

pharmacologic strategies with careful consideration and after potential risks have been shared and discussed 

with the person with dementia and their family carers depending on capacity. 

Hospital admissions and delirium 

Delirium is common, under-recognised and under-treated in older people and occurs in people who are more 

cognitively impaired prior to an acute illness.521 In the last Lancet commission, we discussed how delirium and 

dementia frequently occur together but there is no definitive evidence that any medication improves delirium; 

sedating benzodiazepines are ineffective and like antipsychotics, are associated with increased mortality and 

morbidity,.2  

Delirium superimposed on dementia is associated with longer length of hospitalisation, worse cognitive and 

functional outcomes, and a higher risk of care home admission and mortality.522 A recent meta-analysis found 

that delirium was significantly associated with  future cognitive decline (ES Hedges g 0.45; 0.34-0.57).523  In a 

London study quantifying this, 209/1510 (13.6%) participants in a prospective cohort with median age 77 years, 

were admitted to hospital at least once over a follow-up of 30 months or more. 524 Those who were more 

cognitively impaired were more likely to be admitted and both more likely to develop delirium and the delirium 

was more severe than their comparators. Cognitive impairment is a risk factor for delirium which is a risk factor 

for further cognitive deterioration and functional decline.525  

It is important to energetically treat delirium, both treating the underlying illness and using non-pharmacological 

means of increasing orientation, vision and hearing maximisation, management of pain and hypoxia, fluid 

support and ensuring food intake. In addition, it is essential to monitor the health of people discharged from 

hospital with delirium. They are often cognitively impaired or have dementia and cannot be expected to initiate 

and work on a treatment plan at home without help. Preventing and treating delirium in those without 

dementia might decrease dementia risk but currently we cannot be sure.526 

Lessons learned from COVID-19 and dementia. 

COVID-19 by itself and the associated social isolation and lockdown has had a significant, disproportionate, 

negative impact on symptoms and mortality of people with dementia and on their families, and carers.527  

People with dementia had around five times the mortality from COVID-19 (meta-analysis of 10 studies OR 5.17, 

2.31- 11.59; n=119,218)  compared to those without dementia 528  A systematic review of the effects of social 

isolation in COVID-19 found 9/15 (60%) studies with 6,442 participants reported worse than expected 

deterioration in cognition and 14/15 (93%) worsening or new onset of non-cognitive symptoms. 529  

Care home residents usually need personal care, and thus cannot be isolated from staff.  Family were frequently 

restricted or forbidden to visit during the pandemic to contain risk, thus leaving people isolated.527 530  Larger 

care homes, those who used more agency staff, transferred staff between settings, tested less for COVID-19  

and had less access to personal protective equipment (PPE) had higher levels of infection and mortality.531  

Long term lessons about pandemics and end-of-life management for people with dementia 

Longer term lessons for other pandemics include policy ensuring that people are not admitted to a care home 

when their infection status is positive or unknown, as this exposes people who have no say in it to danger. We 

now know the positive impact of care homes restricting movement of staff between homes and ensuring staff 
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have priority access to and wear PPE to reduce infection. People with dementia require access to care which is 

appropriate for them, and it is impossible to completely isolate people who need 24-hour care.  

People with dementia should be encouraged to make legal decisions about what they want while they have 

capacity to make these decisions. As we discussed in detail in the last commission, people with dementia have 

other illnesses and die earlier. 2 They or another decision-maker like a family member, if they do not have 

capacity to make decisions, should decide about possible curative and palliative care, rather than blanket 

decisions being made for people with dementia. People with dementia should have the same access to palliative 

care as the remainder of the population. 

Technology and delivery of interventions  

Technology has several potential roles in dementia management, including in diagnosis and assessment, 

monitoring to promote safety, assistance in activities of daily living and cognition, facilitating social interaction 

and leisure activities, and supporting family carers .532 There is a dearth of high-quality research on emerging 

technologies, due to novelty and a rapidly evolving field, meaning that evidence for their use is often lacking. 

Monitoring symptoms 

Technologies to assess dementia symptoms have limited evidence. A review of 14 studies of sensing 

technologies for dementia symptoms showed that, in 7 studies, actigraphy correlated with agitation and 

aggression in people with dementia, but there was a lack of evidence for other technologies .533 A review of 55 

studies of assessments of sleep quality in dementia found no benefit of actigraphy in five studies, compared to 

questionnaire-based instruments. 503 

Technological interventions 

A scoping review indicated that smart-home technologies, which are appliances and devices in the home 

connected via the internet to enhance the living environment, are not ready for implementation for people with 

dementia, and that there was not clear evidence of efficacy .534 An RCT in 495 people with dementia of assistive 

technology and telecare recommended by a health or social care professional to meet assessed needs was not 

better than a basic package of safety-related devices in length of time that participants remained in the 

community, carer burden, depression or anxiety, health and social care or societal costs and quality-adjusted 

life-years. 535 In a systematic review of 66 studies, socially assistive robots were generally feasible and acceptable 

to people with dementia and their carers and healthcare professionals, but there was no evidence of effect on 

cognition, neuropsychiatric symptoms, or quality of life. 536 

Summary of technology in dementia 

In general, there is a lack of evidence to recommend specific technologies for dementia management. 

Technologies should, where possible, supplement rather than replace existing care leading to harmful social 

isolation. There is concern that future technology may reduce equity by being less accessible to those with less 

financial resources.  

Conclusions 

The numbers of people living with dementia is going to increase in all countries and governments should 

prioritise resources to enable risk reduction and to help people with dementia and their families.  There is much 

more evidence that interventions, specified in our key points and described throughout the text, including those 

to improve hearing, cognitive stimulation throughout life, treat hypertension, reduce cholesterol and manage 

depression can help retain cognition and prevent dementia. These should be targeted at those who need them 

most.   
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The prevention approach of decreasing midlife risk factor levels early enough (the earlier, the better) and 

maintaining them low throughout life (the longer, the better) applies to dementia and decreasing smoking, 

cholesterol, diabetes, obesity, high BP, and physical inactivity and treating hearing loss and depression. 

However, there is still an effect of changing the risk throughout life and it is never too early or too late to reduce 

the effect of risk.  

There is mMuch that can be done for people with dementia and their families, but in many countries it is not 

available or a priority in many countries. Good quality diagnosis, care planning and tailored post-diagnostic 

support enables the prevention of harm, treatment of neuropsychiatric symptoms, and protection of quality of 

life for people with dementia and family carers. We have interventions that work, but do not deliver them at 

scale to all that would benefit from them.  

We have a long-awaited scientific breakthrough with some positive results for potentially disease modifying 

drugs, but the clinical implications are still unclear.  There is exciting progress in biomarkers but by themselves 

they are not enough to justify diagnosis or treatment and should be used clinically for people with dementia.  

Drug and non-pharmacological treatment are progressing.  It is even more important therefore that we make 

things better for people with dementia.  
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Appendix 1. Summary of Included hearing studies (in alphabetical order by first author) 
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variables (max) 

Breno
witz 
2019 

 

1810 77.
4 

938; 
51.8 

1438 
(79.4%, 
complet
ed high 
school) 

PTA ▪ mild HI (not 
defined): 715 
(39.5%)  

▪ moderate to 
severe HL (>40 
dB): 629 
(34.8%)   

237; 
17.6 

10.
0  

demen
tia 

336 

(18.6
%) 

age, race, sex, 
education, 
hypertension, 
diabetes, 
cardiovascular 
disease, 
cerebrovascular 
disease, smoking 
status, alcohol use, 
and physical activity. 

Deal 
2017 

1889 75.
5 

996; 
52.7 

920 
(48.7%, 
postsec
ondary 
educati
on) 

PTA ▪ mild HI (25-40 
dB): 716 
(37.9%) 

▪ moderate (41-
70 dB) to 
severe (>70 dB) 
HL: 387 (20.5%) 

240; 
21.8 

6.0  demen
tia 

229 

(12.1
%) 

age, sex, race, 
education, study site 
and smoking status, 
hypertension, 
diabetes, and stroke 

Lin 
2011 

639 63.
7 

279; 
43.7 

16.5 
years 

PTA ▪ mild HI (25-40 
dB): 125 
(19.6%) 

▪ moderate HL 
(41-70 dB): 53 
(8.3%) 

▪ severe HL (>70 
dB): 6 (0.9%) 

58; 
31.5 

11.
9  

demen
tia 

58 

(9.1%) 

age, sex, race, 
education, diabetes 
mellitus, smoking, 
and hypertension 

Marin
elli 
2022 

1159 76.
0 

607; 
52.4 

886 
(76.4%, 
<16 
years) 

PTA ▪ mild HI (26–39 
dB): 383 
(33.0%) 

▪ moderate HL 
(40–69 dB): 363 
(31.3%) 

▪ severe (70–89 
dB) to profound 

492; 
64.5 

6.7  demen
tia 

207 

(17.9
%) 

age, sex, years of 
education, smoking 
status, diabetes, 
hypertension, 
apolipoprotein E ε4 
carriership, and 
hearing rehabilitation 
(defined as hearing 
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(90 dB HL) HL: 
17 (1.5%) 

aid or cochlear 
implant use) 

Osler 
2019 

6584
65 

59.
1 

 

0  NR PTA ▪ 59834 (9.1%) NR 7.1  

 

demen
tia (age 
> 65 
and < 
65 
groups) 

9114 

(1.4%) 

cognitive ability, 
educational level, 
depression, diabetes, 
hypertension, and 
cerebrovascular 
disease with age as 
the underlying time 
scale 

Powell 
2022 

2408 74.
0 

1072; 
44.5 

1136 
(47.2%, 

Post-
seconda
ry 
educati
on 

PTA ▪ mild or greater 
HL (>25 dB): 
1495 (62.1%) 

NR 8.0  demen
tia 

223 

(9.3%) 

sex, education 
(postsecondary vs 
less than 
postsecondary), age, 
race (Black vs. 
White), smoking 
(ever vs. never), the 
presence or absence 
of hypertension or 
diabetes, BMI, 
marital status (never 
married, married, 
widowed/ divorced/ 
separated), and living 
alone 

Note. N=number AD = Alzheimer’s disease; CI = cognitive impairment; HA = hearing aids; HI = hearing loss; PTA = 

Pure-tone assessment; NR = Not reported; Deal JA (2017), We combined risk estimates for subgroups in Osler M 

(2019) and Powell DS (2022). Marinelli JP (2022)’s unadjusted risk estimate for hearing aid was included in the 

meta-analysis and meta-regression. 

 

 

Appendix 2 Prevalence and relative risk of risk factors 
We reviewed evidence from the previous Lancet Commission reports and new evidence to determine which 

relative risks to use for each risk factor, as well as its worldwide prevalence and which part of the life course the 

risk factor was relevant for. 

Less education 

We found no new meta‐analyses providing an estimate of relative risk for less education so we have used the 

previous estimate of RR 1.59 (95% CI 1.35 to 1.86) from a meta‐analysis of 13 prospective cohort studies257. This 

relates to early life education. We used global estimates of percentage of people who did not enrol in secondary 

school to estimate the prevalence of this risk factor. In 2020, 76.8% of children enrolled in secondary school 

meaning 23.2% did not – we used this as our prevalence figure 258. We acknowledge that for the current 
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population at risk of dementia, education levels were much lower when they were children. However, we are 

presenting current prevalence estimates in order to present current PAF for less education.  

Hearing loss 

We conducted an updated meta‐analysis of the relative risk for dementia associated with hearing loss. The 

updated relative risk is 1.37 (95% CI 1.00‐1.87) and mean age of included participants is 59 means this risk factor 

is now considered more relevant in midlife. We used Global Burden of Disease 2019 estimates for prevalence 

(https://vizhub.healthdata.org/gbd‐results/).  According to these data, the prevalence of any hearing loss from 

any cause in those aged 55 and over is 58.98% (95% CI 55.61‐62.34) 

Alcohol excess  

We used an individual participant meta‐analysis of 131 415 participants from France, UK, Sweden and Finland 

which found, after adjusting for confounders, heavier drinking of > 21 units per week in midlife compared to 

lighter drinking was associated with an increased risk of dementia (HR 1.22, 1.01‐1.48)180. We converted this to 

RR using published formulae537 using the formula: 𝑅𝑅 =
1−𝑒𝐻𝑅 ln (1−𝑟)

r
 where r  is the rate of dementia for the 

reference group, to give RR 1.21, 95% CI 1.01‐1.46. Participants had their alcohol consumption measured at 

baseline (age 18‐77). Prevalence ‐ 103 290 were moderate drinkers and 28 125 were heavy drinkers, i.e., 27% of 

current drinkers but 13.3% overall. We used the latter figure as our prevalence estimate. 

Smoking 

A meta-analysis found midlife smoking was associated with an increased risk of dementia (RR 1.30 118‐1.45) in 

2015 and similar has been found in a lot of cohorts122. We have not found a more up to date meta-analysis so 

used the existing RR estimate. According to the WHO, 22.3% of the global population used tobacco – over 80% 

of them in LMIC 262 

Physical inactivity 

A new systematic review and meta‐analysis of 58 studies studying the link between physical activity and 

dementia, in adults aged 20 and over, found that higher versus lowest physical activity was associated with a 

decreased risk of all‐cause dementia (RR 0.80, 0.77 to 0.84, n=257 983) so corresponding RR for inactivity would 

be 1.25, 1.19‐1.29 150. There was an association for dementia subtypes in short and longer follow‐ups ≥20 years, 

and at all ages. The WHO Global Status Report on Physical Activity 2022 states 27.5% of adults get below 

recommended amount of daily activity 261. We have included physical inactivity as a midlife risk factor as most 

studies (34/48) in the meta‐analysis had a baseline age of greater than 40. 

Traumatic brain injury 
The risk of all‐cause dementia following traumatic brain injury (TBI) was calculated in the 2020 commission 
meta‐analysis (RR 1·84, 1·54–2·20). 2 Two subsequent meta‐analyses have similar findings, the first, a meta‐
analysis of 21 studies, with a total sample size of n= 8,684,485 found an OR 1.81 (1.53‐2.14) for TBI and risk of 
dementia. 103 A meta‐analysis of 32 studies (n= 7,634,844), which included 17 studies from the other meta‐
analysis, found a RR for dementia after TBI of 1.66 (1.42‐1.93). 104  Both of these studies found that younger age 
(<65 years), male sex and Asian ethnicity were associated with higher risk of dementia. On this basis we have 
included this as a midlife risk factor. We used the largest meta‐analysis for estimation of relative risk and 
calculated this from the OR using published methods538, giving a RR of 1.72. A meta‐analysis of population based 
surveys for traumatic brain injury provided an estimate of prevalence of TBI of 12%539. This only included surveys 
from higher income countries and included all adults, not limiting to midlife. However, our attempts to find a 
global prevalence estimate were unsuccessful. The Global Burden of Disease survey had a very low estimate of 
prevalence and communication with the authors indicated this was likely to be an under‐estimate due to the 
number of people seen in primary care for these injuries which in many countries and studies are not able to be 
represented systematically in their figures and subject to poor coding and missed diagnosis. 
Obesity 

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fvizhub.healthdata.org%2Fgbd-results%2F&data=05%7C01%7Cg.livingston%40ucl.ac.uk%7C9a621e3657774ffc31a808db9ee20827%7C1faf88fea9984c5b93c9210a11d9a5c2%7C0%7C0%7C638278465877475394%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=VVpoDoCQ%2Bqk%2FE0UmFOIUi%2BCpTs5RT4YJdITj23P50k4%3D&reserved=0
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A large and new systematic review and meta‐analysis examining the relationship between obesity and dementia 

included 11 studies and 64,265 participants, and found that midlife obesity was associated with subsequent all 

cause dementia (RR 1.31, 1.02‐1.68).  172 . WHO Obesity and overweight report 2021 finds that 13% of adults 

worldwide are obese – we could not find an estimate for midlife obesity specifically. 267 

Depression  

For this commission, we  performed a new random effects meta‐analysis using the seven studies with a 10‐to‐14‐

year follow‐up in the systematic review by Stafford et al. 91 We found an increased risk of dementia (RR 2.25, 

1.69‐ 2.98 I2= 82.8%). Mean age from included studies (except one which did not specify mean age) was 63.1 

years so we have included depression as a midlife risk factor. 

We found a meta‐analysis including 30 countries which reported community prevalence between 1994 and 

2014. The estimates were 7.2%  point prevalence and 10.8% lifetime prevalence. 259 We used point prevalence as 

the RR are from depression at a specified time point, not lifetime exposure.  

Hypertension  

A new meta‐analysis individual participant data meta‐analysis found individuals with untreated hypertension had 

a 42% increased risk of dementia compared with healthy controls (hazard ratio [HR], 1.42; 95% CI 1.15‐

1.76; P = .001) 162. However, this only included older adults and previous evidence has shown the risk of 

dementia was greater for those with hypertension in midlife. One paper meta‐analysed 9 studies to give a RR of 

dementia associated with midlife hypertension of 1.20 (1.06‐1.35)540. We used this estimate for our PAF 

calculations.  

The best evidence of  hypertension prevalence we could find  came from a  global standardized prevalence  from 

90 countries and was defined as systolic BP ≥140 mm Hg, diastolic BP ≥90 mm Hg, and/or current use of 

antihypertensive medication and  was 31.1% (95% CI 30.0–32.2%).266 

Diabetes 

The global diabetes prevalence in 2019 was estimated to be 9.3% (463 million people aged 20‐79). 264  The most 

up to date meta‐analysis on risk for dementia showed a pooled RR of developing dementia in 20 studies of 1.73 

(1.65–1.82, I2 = 71.2%)263. Of these studies, four included only participants who were in midlife at baseline, four 

included participants from midlife onwards, one did not report mean age and the remaining 11 studies included 

participants who were in later life at baseline. We therefore include diabetes as a risk factor in later life. 

Cholesterol  
A meta-analysis of LDL-C in adults < age 65 years followed up for > 12 months, found 3 cohort studies with 
1,138,488 participants, all from UK, reported each 1mmol/l increase in LDL-C was associated with increased 
incidence of all-cause dementia (ES = 1.08; 1.03 - 1.14; I2 = 0.3%). 137 We considered a study of 1,189,090 
participants which found high LDL (>3mmol/l) was associated with an increased risk of dementia – HR 1.33, 95% 

CI 1.26-1.40. 37 We converted this to RR using published formulae537 using the formula: 𝑅𝑅 =
1−𝑒𝐻𝑅 ln (1−𝑟)

r
 where 

r  is the rate of dementia for the reference group, to give RR 1.32, 95% CI 1.25-1.38.  As all participants were 
under the age of 65 at baseline, and evidence is that treatment of those under 65 reduces dementia we have 
included this as a midlife risk factor. 
We could find no global prevalence estimates for high LDL cholesterol so we considered using the UK nationally 

representative study used for the RR as an estimate however many people had not had  LDL‐C measured and 

therefore the prevalence data was inaccurate.37  We therefore extracted data from HUNT study which has little 

missing data and found the prevalence of high LDL‐C was 76.5% when we dichotomized at 3.36 mmol/l or 

130mg/dl) and used this figure. This is in line with UK biobank with a healthy population which gave data in 

quintiles so we could not extract an exact figure, but it was nearly 80%.541 

Air pollution 
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We found several studies showing an increase in dementia risk with a variety of air pollutants. All reported risk 

increases per standard deviation or per μg/m3 which means we were not able to dichotomise for higher versus 

lower levels of pollution. We therefore used our previous method of calculating the RR of dementia for those in 

the three highest quartiles compared to the lowest from a cohort study including 2,066,639 people, with a mean 

baseline age of 67 years269. The RR was 1·09 (1·07–1·11) and prevalence of higher levels of pollution was 75%. 

We have included pollution as a risk factor in later life.  

Vision  

The associated RR= 1.47 (1.36‐1.60) from Shang et al 2021 and we have included in as a late life risk factor225. 

This is the largest meta‐analysis of 14 prospective cohort studies with 6 204 827 participants and 171 888 

dementia patients. Follow up was 3.7 – 14.5 years (but 8/14 studies had fu <7 years).  8 of 14 studies had age as 

> 65 years, 5 studies listed age as > 50 and one range 40‐69, so should be listed as late life, which is in keeping 

with mechanisms.  The paper also estimated a PAR of 4.7% (2.3‐7.5) based on the prevalence of vision 

impairment in 2015 estimated by the Global Burden of Disease Study and the pooled relative risk for incident 

dementia associated with vision impairment in their meta‐analysis. A 2020 meta‐analysis of population based 

surveys of eye disease gave a global prevalence of avoidable vision impairment and blindness including 

uncorrected cataracts and refractive  error in adults aged >50 years of 12.65%224. We did not find a prevalence 

estimate for later life visual impairment so this may be an underestimate.  

Social isolation  
We have continued to use the meta‐analysis of relative risk used in our previous commission as it is the only one 
we could find  which considers frequency of contacts and dementia (RR 1.57, 1.32‐1.85) 188. Mean age of all 
except one paper in this meta‐analysis was over 65 (mostly over 70) with only one paper stating mean age was 
60+ so we have included it as a late life risk factor.  
We used a systematic review and meta-analysis of the global prevalence social isolation among community-
dwelling older adults, including 41 studies from databases and reference lists. The pooled prevalence excluding 
covid studies was 24% (95% CI: 20.0-29.0).268 
 

Appendix 3: calculation of population attributable fractions 
We included all participants in the HUNT2 study, aged 45 years or older (https://www.ntnu.edu/hunt/hunt2). 

Dichotomization 

For all the risk factors the value 0 means not exposed to the risk factor and the value 1 exposed to the risk factor. 

1. Education 
a. Variable: Educ@NT2BLQ1 (What is your educational background? Only specify highest level 

achieved.) 
 

7‐10 years of education, primary school, continuation school, folk high 
school 

1 

High school, intermediate school, vocational school, 1‐2 years high school 0 

University qualifying examination, junior college, A level 0 

University or other post‐secondary education, less than 4 years 0 

University/college, 4 years or more 0 
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2. Smoking  
a. Variable: SmoStat@NT2BLQ1 (Smoking status) in HUNT2 and corrected using answers in HUNT1 

and HUNT3. 
 

Current smoker daily 1 

Ex‐smoker daily 0 

Never smoked daily 0 

 

3. Alcohol use 

a. Variable: AlcTotUnitW@NT2BLQ1 (Total alcohol units per week)  

≥ 21 units (=168 g) pr week 1 

 <21 units (=168 g) pr week 0 

 

4. Traumatic brain injury 

a. Variable: HospHeadInju@NT2Hear1Q (Have you ever been hospitalised for a head injury?) 

Yes 1  

No 0  

Don`t know, maybe x missing 

 

5. Depression 

a. Variable: HADSDepr@NT2BLQ1 (We used respondents who answered all seven questions in HADS‐

D or those who had answered at least five questions and use the mean for the 1‐2 missing 

questions.)  

< 8  0 

 ≥ 8 1 

 

 

6. Diabetes 

a. Variable: DiaEv@NT2BLQ1 (Have you had, or do you have diabetes (Do you have, or have you ever 

had?)). Or non‐fasting blood glucose ≥11.1 mmol/l at HUNT2. 

No 0 

Yes 1 
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Non‐fasting blood glucose ≥11.1 mmol/l at HUNT2 1 

 

7. Obesity 

a. Variable: Bmi@NT2BLM  

BMI < 30  0 

BMI ≥ 30  1 

 

8. Social isolation 

a. Variable: CohNo@NT2BLQ2 

The variable differs between age group 20‐69 and 70+. 

The question in both cases is “Who do you live with?” 

In the group 20‐69 the responses are yes/no for the categories spouse/partner, other people over the age of 18, 

people below the age of 18. I Those who answer no in all these three categories live alone. The others are 

unexposed. 

In the group 70+ the categories are Spouse/partner, Children/children-in-law, Live alone, Sister/brother, other 

family/relatives, Other. I suggest that those who tick off the category “Live alone” as exposed. The others are 

unexposed.  

 

Not living alone 0 

Live alone 1 

 

9. Vision 

a. Variable: VisImp@NT2BLQ1 (Vision impairment (If Yes [longstanding illness that impairs your functioning] 

Would you describe your impairment as slight, moderate, or severe?). 

 

No vision impairment 0 

Slight 1 

Moderate 1 

Severe 1 

 

10. Air pollution (variable not in dataset) 



64 

 

Those who live in a municipality with a mean level of particle pollution ≥ 1.5 in 2016 are exposed. These are 

Namsos, Steinkjer, Stjørdal, Frosta, Levanger, Verdal, Overhalla, Flatanger, Nærøysund, Leka, Inderøy, Leksvik.  

People living in a municipality with a mean level of particle pollution < 1,5 in 2016 are unexposed. These 

municipalities are Meråker, Snåsa, Lierne, Røyrvik, Namsskogan, Grong, Høylandet. 

Namsos, Steinkjer, Stjørdal, Frosta, Levanger, Verdal, Overhalla, Flatanger, 
Nærøysund, Leka, Inderøy, Leksvik 

1 

Meråker, Snåsa, Lierne, Røyrvik, Namsskogan, Grong, Høylandet 0 

 

11.  Hypertension 

a. Variables: BPSystMn23@NT2BLM, BPDiasMn23@NT2BLM  

BPSystMn23@NT2BLM < 140 and BPDiasMn23@NT2BLM < 90 0 

BPSystMn23@NT2BLM ≥ 140 or BPDiasMn23@NT2BLM ≥ 90 1 

 

12. Cholesterol 

a. Variables: SeHDLChol@NT2BLM, SeTrig@NT2BLM, SeChol@NT2BLM.  

 

LDL cholesterol < 130 mg/dL 0 

 LDL cholesterol ≥ 130 mg/dL 1 

 

LDL‐calculation is based on the Sampson equation:  

 

LDL‐C= SeChol@NT2BLM/0.948 ‐ SeHDLChol@NT2BLM/0.971 ‐ (SeTrig@NT2BLM/8.56 + SeTrig@NT2BLM x 

(SeChol@NT2BLM ‐ SeHDLChol@NT2BLM)/2140 ‐ SeTrig@NT2BLM2/16100) – 9.44. 

HUNT databank uses mmol/L. We used the Sampson equation542 which is based on mg/dL to convert to mg/dl. 

This meant we dichotomized at 3.36 mmol/l). 

 

13. Hearing impairment 

 a. variables: nt2htl54l nt2htl54r nt2htl54best 

This was measured using a combination of questionnaire, otoscopy, and pure‐tone audiometry. 

Hearing threshold level < 25 dB 0 

Hearing threshold level ≥ 25 dB 1 
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14. Physical inactivity 

a. Variables: ExeLigDuLY@NT2BLQ1 (Average of hours of low physical activity per week in the last 

year? (How has your physical activity in leisure time been during the last year?)) and 

ExeHarDuLY@NT2BLQ1 (Average of hours of vigorous physical activity per week in the last year? 

(Abbreviated question) (How has your physical activity in leisure time been during the last year?) 

We use Moholdt et al 2020256 definition of recommended or below recommended level of physical activity. 

  ExeLigDuLY@NT2BLQ1 ExeHarDuLY@NT2BLQ1 

None A A 

Less than 1 hour B B 

1‐2 hours C C 

3 hours or more D D 

 

The following combinations are unexposed (value 0): AC, AD, BC, BD, CC, CD, DA, DB, DC, DD.  

The following combinations are exposed (value 1): AA, AB, BA, BB, CA, CB. 

In addition, we include among unexposed (value 0) those who have:  

- 3 hours or more on ExeLigDuLY@NT2BLQ1 and missing on ExeHarDuLY@NT2BLQ1 
- 1‐2 hours on ExeHarDuLY@NT2BLQ1 and missing on ExeLigDuLY@NT2BLQ1 
- 3 hours or more on ExeHarDuLY@NT2BLQ1 and missing on ExeLigDuLY@NT2BLQ1 

 
Set up of risk factors. 

Step 1: Create tetrachoric correlation matrix of fourteen risk factors using the Stata command ‘tetrachoric’. 

Step 2: Conduct a principal components analysis on the correlation matrix using the Stata command ‘pcamat C, 

n (###) forcepsd mineigen(1)’, followed by the postestimation command ‘estat loadings, cnorm(eigen)’. 

• This command generates three tables. The first table contains components and their respective eigenvalues. 

The third table contains component loadings scaled to their respective eigenvalues. 

Step 3: Retain eigenvalues ≥1. 

Step 4: Calculate communality as the sum of the square of all component loadings in the third table. 

• The component loadings that are scaled to eigenvalues should be used for communality. 

Calculation of individual risk factor PAF 
 
The formula for PAF1 is: PAF = Pe (RRe‐1) / [1 + Pe (RRe‐1)] where Pe is the prevalence of the exposure (e.g., the 
proportion who smoke) and RRe is the relative risk of disease (in this case dementia) due to that exposure. 
 
Calculation of overall Population Attributable Fraction (PAF)  
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The formula for overall PAF:  
 
PAF = 1‐[(1‐PAF1) (1‐PAF2) (1‐PAF3) …] Each individual risk factor’s PAF was weighted according to its 
communality using the formula: Weight (w) = 1‐communality  
 
Weighting was included in the calculation of overall PAF using the formula: PAF = 1‐[(1‐w*PAF1) (1‐w*PAF2) (1‐
w*PAF3) ...] 
 
Weighted PAF for individual risk factors 
 
To get individual weighted PAF from the overall PAF, we used the formula below:  
 
Individual weighted PAF = Individual unweighted PAF/Σ (Individual unweighted PAF) * Overall PAF. 
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