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Executive summary
The number of older people, including those living with 
dementia, is rising, as younger age mortality declines. 
However, the age-specific incidence of dementia has fallen 
in many countries, probably because of improvements in 
education, nutrition, health care, and lifestyle changes. 

Overall, a growing body of evidence supports the nine 
potentially modifiable risk factors for dementia modelled 
by the 2017 Lancet Commission on dementia prevention, 
intervention, and care: less education, hypertension, 
hearing impairment, smoking, obesity, depression, phy-
sical inactivity, diabetes, and low social contact. We now add 
three more risk factors for dementia with newer, convincing 
evidence. These factors are excessive alcohol consumption, 
traumatic brain injury (TBI), and air pollution. We have 
completed new reviews and meta-analyses and incorporated 
these into an updated 12 risk factor life-course model of 
dementia prevention. Together the 12 modifiable risk 
factors account for around 40% of worldwide dementias, 
which consequently could theo retically be prevented or 
delayed. The potential for prevention is high and might 
be higher in low-income and middle-income countries 
(LMIC) where more dementias occur.

Our new life-course model and evidence synthesis has 
paramount worldwide policy implications. It is never too 
early and never too late in the life course for demen-
tia prevention. Early-life (younger than 45 years) risks, 
such as less education, affect cognitive reserve; midlife 
(45–65 years), and later-life (older than 65 years) risk factors 
influence reserve and triggering of neuropathological 
developments. Culture, poverty, and inequality are key 
drivers of the need for change. Individuals who are most 
deprived need these changes the most and will derive the 
highest benefit.

Policy should prioritise childhood education for all. 
Public health initiatives minimising head injury and 
decreasing harmful alcohol drinking could potentially 
reduce young-onset and later-life dementia. Midlife sys-
tolic blood pressure control should aim for 130 mm Hg or 
lower to delay or prevent dementia. Stopping smoking, 
even in later life, ameliorates this risk. Passive smoking is 
a less considered modifiable risk factor for dementia. 
Many countries have restricted this exposure. Policy 
makers should expedite improvements in air quality, 
particularly in areas with high air pollution.

We recommend keeping cognitively, physically, and 
socially active in midlife and later life although little 
evidence exists for any single specific activity protecting 

against dementia. Using hearing aids appears to reduce 
the excess risk from hearing loss. Sustained exercise in 
midlife, and possibly later life, protects from dementia, 
perhaps through decreasing obesity, diabetes, and 
cardio vascular risk. Depression might be a risk for 
dementia, but in later life dementia might cause 
depression. Although behaviour change is difficult and 
some associations might not be purely causal, individuals 
have a huge potential to reduce their dementia risk.

In LMIC, not everyone has access to secondary 
education; high rates of hypertension, obesity, and 
hearing loss exist, and the prevalence of diabetes and 
smoking are growing, thus an even greater proportion of 
dementia is potentially preventable.

Amyloid-β and tau biomarkers indicate risk of progres-
sion to Alzheimer’s dementia but most people with 
normal cognition with only these biomarkers never 
develop the disease. Although accurate diagnosis is impor-
tant for patients who have impairments and functional 
concerns and their families, no evidence exists to support 
pre-symptomatic diagnosis in everyday practice.

Our understanding of dementia aetiology is shifting, 
with latest description of new pathological causes. In the 
oldest adults (older than 90 years), in particular, mixed 
dementia is more common. Blood biomarkers might hold 
promise for future diagnostic approaches and are more 
scalable than CSF and brain imaging markers.

Wellbeing is the goal of much of dementia care. People 
with dementia have complex problems and symptoms in 
many domains. Interventions should be individualised 
and consider the person as a whole, as well as their family 
carers. Evidence is accumulating for the effectiveness, at 
least in the short term, of psychosocial interventions 
tailored to the patient’s needs, to manage neuropsychiatric 
symptoms. Evidence-based interventions for carers can 
reduce depressive and anxiety symptoms over years and 
be cost-effective.

Keeping people with dementia physically healthy is 
important for their cognition. People with dementia 
have more physical health problems than others of the 
same age but often receive less community health care 
and find it particularly difficult to access and organise 
care. People with dementia have more hospital 
admissions than other older people, including for 
illnesses that are potentially manageable at home. They 
have died disproportionately in the COVID-19 epidemic. 
Hospitalisations are distressing and are associated with 
poor outcomes and high costs. Health-care professionals 
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should consider dementia in older people without 
known dementia who have frequent admissions or who 
develop delirium. Delirium is common in people with 
dementia and contributes to cognitive decline. In 
hospital, care including appropriate sensory stimulation, 
ensuring fluid intake, and avoiding infections might 
reduce delirium incidence.

Acting now on dementia prevention, intervention, and 
care will vastly improve living and dying for individuals 
with dementia and their families, and thus society.

Introduction
Worldwide around 50 million people live with dementia, 
and this number is projected to increase to 152 million 

by 2050,1 rising particularly in low-income and middle-
income countries (LMIC) where around two-thirds of 
people with dementia live.1 Dementia affects individuals, 
their families, and the economy, with global costs 
estimated at about US$1 trillion annually.1

We reconvened the 2017 Lancet Commission on 
dementia prevention, intervention, and care2 to identify 
the evidence for advances likely to have the greatest 
impact since our 2017 paper and build on its work. Our 
inter disciplinary, international group of experts presented, 
debated, and agreed on the best available evidence. 
We adopted a triangulation framework evaluating the 
consistency of evidence from different lines of research 
and used that as the basis to evaluate evidence. We have 

Key messages

• Three new modifiable risk factors for dementia

• New evidence supports adding three modifiable risk 

factors—excessive alcohol consumption, head injury, 

and air pollution—to our 2017 Lancet Commission on 

dementia prevention, intervention, and care life-course 

model of nine factors (less education, hypertension, 

hearing impairment, smoking, obesity, depression, 

physical inactivity, diabetes, and infrequent social 

contact).

• Modifying 12 risk factors might prevent or delay up to 

40% of dementias.

• Be ambitious about prevention

• Prevention is about policy and individuals. 

Contributions to the risk and mitigation of dementia 

begin early and continue throughout life, so it is never 

too early or too late. These actions require both public 

health programmes and individually tailored 

interventions. In addition to population strategies, 

policy should address high-risk groups to increase 

social, cognitive, and physical activity; and vascular 

health.

• Specific actions for risk factors across the life course

• Aim to maintain systolic BP of 130 mm Hg or less in 

midlife from around age 40 years (antihypertensive 

treatment for hypertension is the only known effective 

preventive medication for dementia).

• Encourage use of hearing aids for hearing loss and 

reduce hearing loss by protection of ears from excessive 

noise exposure.

• Reduce exposure to air pollution and second-hand 

tobacco smoke.

• Prevent head injury.

• Limit alcohol use, as alcohol misuse and drinking more 

than 21 units weekly increase the risk of dementia.

• Avoid smoking uptake and support smoking cessation 

to stop smoking, as this reduces the risk of dementia 

even in later life.

• Provide all children with primary and secondary 

education.

• Reduce obesity and the linked condition of diabetes. 

Sustain midlife, and possibly later life physical activity.

• Addressing other putative risk factors for dementia, 

like sleep, through lifestyle interventions, will improve 

general health.

• Tackle inequality and protect people with dementia

• Many risk factors cluster around inequalities, which occur 

particularly in Black, Asian, and minority ethnic groups 

and in vulnerable populations. Tackling these factors will 

involve not only health promotion but also societal 

action to improve the circumstances in which people live 

their lives. Examples include creating environments that 

have physical activity as a norm, reducing the population 

profile of blood pressure rising with age through better 

patterns of nutrition, and reducing potential excessive 

noise exposure. 

• Dementia is rising more in low-income and middle-

income countries (LMIC) than in high-income countries, 

because of population ageing and higher frequency of 

potentially modifiable risk factors. Preventative 

interventions might yield the largest dementia 

reductions in LMIC.

For those with dementia, recommendations are:

• Provide holistic post-diagnostic care

• Post-diagnostic care for people with dementia should 

address physical and mental health, social care, and 

support. Most people with dementia have other illnesses 

and might struggle to look after their health and this 

might result in potentially preventable hospitalisations.

• Manage neuropsychiatric symptoms

• Specific multicomponent interventions decrease 

neuropsychiatric symptoms in people with dementia 

and are the treatments of choice. Psychotropic drugs are 

often ineffective and might have severe adverse effects.

• Care for family carers

• Specific interventions for family carers have long-lasting 

effects on depression and anxiety symptoms, increase 

quality of life, are cost-effective and might save money.
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summarised best evidence using, where possible, good- 
quality systematic reviews, meta-analyses, or individual 
studies, where these add important knowledge to the 
field. We performed systematic literature reviews and 
meta-analyses where needed to generate new evidence for 
our analysis of potentially modifiable risk factors for 
dementia. Within this framework, we present a narrative 
synthesis of evidence including systematic reviews and 
meta-analyses and explain its balance, strengths, and 
limitations. We evaluated new evidence on dementia risk 
in LMIC; risks and protective factors for dementia; detec-
tion of Alzheimer’s disease; multimorbidity in dementia; 
and interventions for people affected by dementia.

Nearly all the evidence is from studies in high-
income countries (HIC), so risks might differ in other 
countries and interventions might require modification 
for different cultures and environments. This notion also 
underpins the critical need to understand the dementias 
related to life-course disadvantage—whether in HICs or 
LMICs.

Our understanding of dementia aetiology is shifting. 
A consensus group, for example, has described hippo-
campal sclerosis associated with TDP-43 proteinopathy, 
as limbic-predominant age-related TDP-43 encepha-
lopathy (LATE) dementia, usually found in people older 
than 80 years, progressing more slowly than Alzheimer’s 
disease, detectable at post-mortem, often mimicking or 
comorbid with Alzheimer’s disease.3 This situation 
reflects increasing attention as to how clinical syndromes 
are and are not related to particular underlying patho-
logies and how this might change across age. More work 
is needed, however, before LATE can be used as a valid 
clinical diagnosis.

The fastest growing demographic group in HIC is the 
oldest adults, those aged over 90 years. Thus a unique 
opportunity exists to focus on both human biology, in 
this previously rare population, as well as on meeting 
their needs and promoting their wellbeing.

Prevention of dementia
The number of people with dementia is rising. 
Predictions about future trends in dementia prevalence 
vary depending on the underlying assumptions and 
geographical region, but generally suggest substantial 
increases in overall prevalence related to an ageing 
population. For example, according to the Global 
Burden of Diseases, Injuries, and Risk Factors Study, 
the global age-standardised prevalence of dementia 
between 1990 and 2016 was relatively stable, but with an 
ageing and bigger population the number of people 
with dementia has more than doubled since 1990.4

However, in many HIC such as the USA, the UK, and 
France, age-specific incidence rates are lower in more 
recent cohorts compared with cohorts from previous 
decades collected using similar methods and target 
populations5 (figure 1) and the age-specific incidence 
of dementia appears to decrease.6 All-cause dementia 

incidence is lower in people born more recently,7 proba bly 
due to educational, socio-economic, health care, and life-
style changes.2,5 However, in these countries increasing 
obesity and diabetes and declining physical activity 
might reverse this trajectory.8,9 In contrast, age-specific 
dementia prevalence in Japan, South Korea, Hong Kong, 
and Taiwan looks as if it is increasing, as is Alzheimer’s 
in LMIC, although whether diagnostic methods are 
always the same in comparison studies is unclear.5–7

Modelling of the UK change suggests a 57% increase in 
the number of people with dementia from 2016 to 2040, 
70% of that expected if age-specific incidence rates 
remained steady,10 such that by 2040 there will be 
1·2 million UK people with dementia. Models also 
suggest that there will be future increases both in the 
number of individuals who are independent and those 
with complex care needs.6

Figure 1: Incidence rate ratio comparing new cohorts to old cohorts from five studies of dementia incidence5

IIDP Project in USA and Nigeria, Bordeaux study in France, and Rotterdam study in the Netherlands adjusted for 

age. Framingham Heart Study, USA, adjusted for age and sex. CFAS in the UK adjusted for age, sex, area, and 

deprivation. However, age-specific dementia prevalence is increasing in some other countries. IID=Indianapolis–

Ibadan Dementia. CFAS=Cognitive Function and Ageing Study. Adapted from Wu et al,5 by permission of Springer 
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In our first report, the 2017 Commission described a 
life-course model for potentially modifiable risks for 
dementia.2 Life course is important when considering 
risk, for example, obesity and hypertension in midlife 
predict future dementia, but both weight and blood 
pressure usually fall in later life in those with or dev-
eloping dementia,9 so lower weight and blood pressure 
in later life might signify illness, not an absence of 
risk.11–14 We consider evidence on other potential risk 
factors and incor porate those with good quality evidence 
in our model.

Figure 2 summarises possible mechanisms of protec-
tion from dementia, some of which involve increasing 
or maintaining cognitive reserve despite pathology and 
neuropathological damage. There are different terms 
describing the observed differential susceptibility to age-
related and disease-related changes and these are not 
used consistently.15,16 A consensus paper defines reserve 

as a concept accounting for the difference between an 
individual’s clinical picture and their neuropathology. 
It, divides the concept further into neurobiological 
brain reserve (eg, numbers of neurones and synapses at a 
given timepoint), brain maintenance (as neurobiological 
capital at any timepoint, based on genetics or lifestyle 
reducing brain changes and pathology development 
over time) and cognitive reserve as adaptability enabling 
preser vation of cognition or everyday functioning in 
spite of brain pathology.15 Cognitive reserve is changeable 
and quantifying it uses proxy measures such as educa-
tion, occupational complexity, leisure activity, residual 
approaches (the variance of cognition not explained by 
demographic variables and brain measures), or identi-
fication of functional networks that might underlie such 
reserve.15–20

Early-life factors, such as less education, affect the 
resulting cognitive reserve. Midlife and old-age risk factors 
influence age-related cognitive decline and triggering of 
neuropathological developments. Consistent with the 
hypothesis of cognitive reserve is that older women are 
more likely to develop dementia than men of the same 

age, probably partly because on average older women have 
had less education than older men. Cognitive reserve 
mechanisms might include preserved metabolism or 
increased connectivity in temporal and frontal brain 
areas.17–21 People in otherwise good physical health can 
sustain a higher burden of neuropathology without 
cognitive impairment.22 Culture, poverty, and inequality 
are important obstacles to, and drivers of, the need for 
change to cognitive reserve. Those who are most deprived 
need these changes the most and will derive the highest 
benefit from them.

Smoking increases air particulate matter, and has 
vascular and toxic effects.23 Similarly air pollution might 
act via vascular mechanisms.24 Exercise might reduce 
weight and diabetes risk, improve cardiovascular func-
tion, decrease glutamine, or enhance hippocampal 
neurogenesis.25 Higher HDL cholesterol might protect 
against vascular risk and inflammation accompanying 
amyloid-β (Aβ) pathology in mild cognitive impairment.26

Dementia in LMIC
Numbers of people with dementia in LMIC are rising 
faster than in HIC because of increases in life expectancy 
and greater risk factor burden. We previously calculated 
that nine potentially modifiable risk factors together 
are associated with 35% of the population attributable 
fraction (PAFs) of dementia worldwide: less education, 
high blood pressure, obesity, hearing loss, depression, 
diabetes, physical inactivity, smoking, and social isola-
tion, assuming causation.2 Most research data for this 
calcu lation came from HIC and there is a relative absence 
of specific evidence of the impact of risk factors on 
dementia risk in LMIC, particularly from Africa and 
Latin America.27

Calculations considering country-specific prevalence of 
the nine potentially modifiable risk factors indicate PAF 
of 40% in China, 41% in India and 56% in Latin America 
with the potential for these numbers to be even higher 
depending on which estimates of risk factor frequency 
are used.28,29 Therefore a higher potential for dementia 
prevention exists in these countries than in global 
estimates that use data predominantly from HIC. If not 
currently in place, national policies addressing access to 
education, causes and management of high blood 
pressure, causes and treatment of hearing loss, socio-
economic and commercial drivers of obesity, could be 
implemented to reduce risk in many countries. The 
higher social contact observed in the three LMIC regions 
provides potential insights for HIC on how to influence 
this risk factor for dementia.30 We could not consider 
other risk factors such as poor health in pregnancy 
of malnourished mothers, difficult births, early life 
malnutrition, survival with heavy infection burdens 
alongside malaria and HIV, all of which might add to 
the risks in LMIC.

Diabetes is very common and cigarette smoking 
is rising in China while falling in most HIC.31 A 

Figure 2: Possible brain mechanisms for enhancing or maintaining cognitive reserve and risk reduction of 

potentially modifiable risk factors in dementia
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meta-analysis found variation of the rates of dementia 
within China, with a higher prevalence in the north and 
lower prevalence in central China, estimating 9·5 million 
people are living with dementia, whereas a slightly later 
synthesis estimated a higher prevalence of around 
11 million.30,32 These data highlight the need for more 
focused work in LMIC for more accurate estimates of 
risk and interventions tailored to each setting.

Specific potentially modifiable risk factors for 
dementia
Risk factors in early life (education), midlife (hypertension, 
obesity, hearing loss, TBI, and alcohol misuse) and later 
life (smoking, depression, physical inactivity, social 
isolation, diabetes, and air pollution) can contribute to 
increased dementia risk (table 1). Good evidence exists 
for all these risk factors although some late-life factors, 
such as depression, possibly have a bidirectional impact 
and are also part of the dementia prodrome.33,34

In the next section, we briefly describe relevant newly 
published and illustrative research studies that add to 
the 2017 Commission’s evidence base, including risks 
and, for some, mitigation. We have chosen studies 
that are large and representative of the populations, or 
smaller studies in areas where very little evidence exists. 
We discuss them in life-course order and within the 
life course in the order of magnitude of population 
attributable factor.

Education and midlife and late-life cognitive stimulation
Education level reached
Higher childhood education levels and lifelong higher 
educational attainment reduce dementia risk.2,35–37 New 
work suggests overall cognitive ability increases, with 
education, before reaching a plateau in late adoles-
cence, when brain reaches greatest plasticity; with 
relatively few further gains with education after 
age 20 years.38 This suggests cognitive stimulation is 
more important in early life; much of the apparent 
later effect might be due to people of higher cognitive 
function seeking out cognitively stimulating activities 
and education.38 It is difficult to separate out the 
specific impact of education from the effect of overall 
cognitive ability,38,39 and the specific impact of later-life 
cognitive activity from lifelong cognitive function and 
activity.39,40

Cognitive maintenance
One large study in China tried to separate cognitive 
activity in adulthood from activities for those with more 
education, by considering activities judged to appeal to 
people of different levels of education.40 It found people 
older than 65 years who read, played games, or bet 
more frequently had reduced risk of dementia (n=15 882, 
odds ratio [OR]=0·7, 95% CI 0·6–0·8). The study 
excluded people developing dementia less than 3 years 
after baseline to reduce reverse causation.

This finding is consistent with small studies of midlife 
activities which find them associated with better late-life 
cognition; so for example, in 205 people aged 30–64 years, 
followed up until 66–88 years, travel, social outings, 
playing music, art, physical activity, reading, and speaking 
a second language, were associated with maintaining 
cognition, independent of education, occupation, late-life 
activities, and current structural brain health.41 Similarly, 
engaging in intellectual activity as adults, particularly 
problem solving, for 498 people born in 1936, was associ-
ated with cognitive ability acquisition, although not the 
speed of decline.42

Cognitive decline
The use it or lose it hypothesis suggests that mental 
activity, in general, might improve cognitive function. 
People in more cognitively demanding jobs tend to 
show less cognitive deterioration before, and sometimes 
after retirement than those in less demanding jobs.43,44 
One systematic review of retirement and cognitive 
decline found conflicting evidence.45 Subsequently, a 
12-year study of 1658 people found older retirement age 
but not number of years working, was associated with 
lower dementia risk.46 Those retiring because of ill health 
had lower verbal memory and fluency scores than those 
retiring for other reasons.47 Another study found a 
two-fold increase in episodic memory loss attributable to 
retirement (n=18 575, mean age 66 years), compared to 
non-retirees, adjusting for health, age, sex, and wealth.48 
Similarly, in a cohort of 3433 people retiring at a mean 
age of 61 years, verbal memory declined 38% (95% CI 
22–60) faster than before retirement.44 In countries with 

Relative risk for 

dementia 

(95% CI)

Risk factor 

prevalence

Communality Unweighted 

PAF

Weighted 

PAF*

Early life (<45 years)

Less education 1·6 (1·3–2·0) 40·0% 61·2% 19·4% 7·1%

Midlife (age 45–65 years)

Hearing loss 1·9 (1·4–2·7) 31·7% 45·6% 22·2% 8·2%

TBI 1·8 (1·5–2·2) 12·1% 55·2% 9·2% 3·4%

Hypertension 1·6 (1·2–2·2) 8·9% 68·3% 5·1% 1·9%

Alcohol (>21 units/week) 1·2 (1·1–1·3) 11·8% 73·3% 2·1% 0·8%

Obesity (body-mass 

index ≥30)

1·6 (1·3–1·9) 3·4% 58·5% 2·0% 0·7%

Later life (age >65 years)

Smoking 1·6 (1·2–2·2) 27·4% 62·3% 14·1% 5·2%

Depression 1·9 (1·6–2·3) 13·2% 69·8% 10·6% 3·9%

Social isolation 1·6 (1·3–1·9) 17·7% 55·2% 9·6% 3·5%

Physical inactivity 1·4 (1·2–1·7) 11·0% 28·1% 4·2% 1·6%

Diabetes 1·5 (1·3–1·8) 6·4% 71·4% 3·1% 1·1%

Air pollution 1·1 (1·1–1·1) 75·0% 13·3% 6·3% 2·3%

Data are relative risk (95% CI) or %. Overall weighted PAF=39·7%. PAF=population attributable fraction. TBI=traumatic 

brain injury. *Weighted PAF is the relative contribution of each risk factor to the overall PAF when adjusted for 

communality.

Table 1: PAF for 12 dementia risk factors
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younger compared to higher retirement ages, average 
cognitive performance drops more.49

Cognitive interventions in normal cognition and mild 
cognitive impairment
A cognitive intervention or cognition-orientated treat-
ment comprises strategies or skills to improve general 
or spe cific areas of cognition.50 Computerised cognitive 
training programmes have increasingly replaced tasks that 
were originally paper-and-pencil format with computer-
based tasks for practice and training.51

Three systematic reviews in the general population 
found no evidence of generalised cognition improvement 
from specific cognitive interventions, including compu-
terised cognitive training, although the domain trained 
might improve.52–54

 A meta-analysis of 17 controlled trials of at least 4 hours 
of computerised cognitive training, (n=351, control n=335) 
for mild cognitive impairment, found a moderate effect on 
general cognition post-training (Hedges’ g=0·4, 0·2–0·5);55 
however few high quality studies and no long-term high 
quality evidence about prevention of dementia currently 
exists. A meta-analysis of 30 trials of computerised, 
therapy-based and multimodal interventions for mild 
cognitive impairment found an effect on activities of daily 
living (d=0·23) and metacognitive outcomes (d=0·30) 
compared to control.56 A third systematic review identified 
five high quality studies, four group-delivered and one by 
computer, and concluded the evidence for the effects of 
cognitive training in mild cognitive impairment was 
insufficient to draw conclusions.53 A comprehensive, high 
quality, systematic overview of meta-analyses of cognitive 
training in healthy older people, those with mild cognitive 
impairment and those with dementia, found that most 
were of low standard, were positive and most reached 
statistical significance but it was unclear whether results 
were of clinical value because of the poor standard of the 
studies and heterogeneity of results (figure 3).51

In the only randomised controlled trial (RCT) of 
behavioural activation (221 people) for cognition in 
amnestic mild cognitive impairment, behavioural acti-
vation versus supportive therapy was associated with a 
decreased 2-year incidence of memory decline (relative 
risk [RR] 0·12, 0·02–0·74).57

Hearing impairment
Hearing loss had the highest PAF for dementia in our 
first report, using a meta-analysis of studies of people 
with normal baseline cognition and hearing loss present 
at a threshold of 25 dB, which is the WHO threshold for 
hearing loss. In the 2017 Commission, we found an 
RR of 1·9 for dementia in populations followed up over 
9–17 years, with the long follow-up times making reverse 
causation bias unlikely.2 A subsequent meta-analysis 
using the same three prospective studies measuring 
hearing using audiometry at baseline, found an increased 
risk of dementia (OR 1·3, 95% CI 1·0–1·6) per 10 dB of 

worsening of hearing loss.58 A cross-sectional study 
of 6451 individuals designed to be representative of the 
US population, with a mean age of 59·4 years, found a 
decrease in cognition with every 10 dB reduction in 
hearing, which continued to below the clinical threshold 
so that subclinical levels of hearing impairment (below 
25 dB) were significantly related to lower cognition.59

Although the aetiology still needs further clarification, 
a small US prospective cohort study of 194 adults 
without baseline cognitive impairment, (baseline mean 
age 54·5 years), and at least two brain MRIs, with a 
mean of 19 years follow-up, found that midlife hearing 
impair ment measured by audiometry, is associated with 
steeper temporal lobe volume loss, including in the 
hippocampus and entorhinal cortex.60

Hearing aids
A 25-year prospective study of 3777 people aged 65 years 
or older found increased dementia incidence in those 
with self-reported hearing problems except in those 
using hearing aids.61 Similarly, a cross–sectional study 
found hearing loss was only associated with worse 
cognition in those not using hearing aids.62 A US 
nationally representative survey of 2040 people older 
than 50 years, tested every two years for 18 years, found 
immediate and delayed recall deteriorated less after 
initiation of hearing aid use, adjusting for other risk 
factors.63 Hearing aid use was the largest factor 
protecting from decline (regression coefficient β for 
higher episodic memory 1·53; p<0·001) adjusting for 
protective and harmful factors. The long follow-up 
times in these prospective studies suggest hearing aid 
use is protec tive, rather than the possibility that those 
developing dementia are less likely to use hearing aids. 
Hearing loss might result in cognitive decline through 
reduced cognitive stimulation.

TBI
The International Classification of Disease (ICD) defines 
mild TBI as concussion and severe TBI as skull fracture, 
oedema, brain injury or bleed. Single, severe TBI is 
associated in humans, and mouse models, with wide-
spread hyperphosphorylated tau pathology, and mice 
with APOE ε4 compared to APOE ε3 allele have more 
hippocampal hyper-phosphorylated tau after TBI.64,65 
TBI is usually caused by car, motorcycle, and bicycle 
injuries; military exposures; boxing, horse riding, and 
other recreational sports; firearms; and falls.66 A nation-
wide Danish cohort study of nearly 3 million people 
aged 50 years or older, followed for a mean of 10 years, 
found an increased dementia (HR 1·2, 95% CI 1·2–1·3) 
and Alzheimer’s disease risk (1·2, 1·1–1·2).67 Dementia 
risk was highest in the 6 months after TBI (4·1, 3·8–4·3) 
and increased with number of injuries in people with 
TBI (one TBI 1·2, 1·2–1·3; ≥5 TBIs 2·8, 2·1–3·8). Risk 
was higher for TBI than fractures in other body areas 
(1·3, 1·3–1·3) and remained elevated after excluding 
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Figure 3: Pooled results of 

meta-analyses investigating 

objective cognitive 

outcomes of cognition-

oriented treatment in older 

adults with and without 

cognitive impairment

K represents the number of 

primary trials included in the 

analysis. If a review reported 

several effect sizes within each 

outcome domain, a composite 

was created and k denotes the 

range of the number of 

primary trials that contributed 

to the effect estimate. 

AMSTAR=A MeaSurement 

Tool to Assess systematic 

Reviews (max score 16). 

Adapted from Gavelin et al,51 

by permission of Springer 
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those who developed dementia within 2 years after TBI, 
to reduce reverse causation bias.67

Similarly, a Swedish cohort of over 3 million people aged 
50 years or older, found TBI increased 1-year dementia risk 
(OR 3·5, 95% CI 3·2–3·8); and risk remained elevated, 
albeit attenuated over 30 years (1·3, 1·1–1·4).68 ICD defined 
single mild TBI increased the risk of dementia less than 
severe TBI and multiple TBIs increased the risk further 
(OR 1·6, 95% CI 1·6–1·7 for single TBI; 2·1, 2·0–2·2 for 
more severe TBI; and 2·8, 2·5–3·2 for multiple TBI). A 
nested case control study of early onset clinically diagnosed 
Alzheimer’s disease within an established cohort also 
found TBI was a risk factor, increasing with number and 
severity.69 A stronger risk of dementia was found nearer 
the time of the TBI, leading to some people with early-
onset Alzheimer’s disease.

Military veterans have a high risk of occupational TBI, 
and formal record keeping allows long-term follow-up. 
A study of 178 779 veterans with TBI with propensity-
matched veterans without TBI found dementia risk was 
associated with TBI severity (HR 2·4, 95% CI 2·1–2·7 for 
mild TBI without loss of consciousness; 2·5, 2·3–2·8 for 
mild TBI with loss of consciousness; and 3·8, 3·6–3·9 
for moderate to severe TBI).70 Similarly women veterans 
with TBI had increased risk of dementia compared to 
those without TBI (1·5, 1·0–2·2). 71

A cohort study of 28 815 older adults with concussion, 
found the risk of dementia doubled, with 1 in 6 developing 
dementia over a mean follow-up of 3·9 years, although 
those taking statins had a 13% reduced risk of dementia 
compared to those who were statin-free. They suggest 
future RCTs as statins might mitigate injury-related brain 
oedema, oxidative stress, amyloid protein aggregation, 
and neuroinflammation.72

The term chronic traumatic encephalopathy describes 
sports head injury, which is not yet fully characterised 
and covers a broad range of neuropathologies and 
outcomes, with current views largely conjecture.73 The 
evidence has subsequently been strengthened by a study 
on Scottish former soccer players reporting that they are 
more likely than controls to have Alzheimer’s disease 
specified on their death certificates (HR 5·1, 95% CI 
2·9–8·8) and to have been prescribed any dementia-
related medications (OR 4·9, 95% CI 3·8–6·3) but not 
on medical records.74 The study controlled for socio-
economic class based on residential address, which in 
footballers might be less linked to level of education.

Hypertension
Persistent midlife hypertension is associated with 
increased risk of a late life dementia. In the Framingham 
Offspring cohort comprising 1440 people, elevated systolic 
blood pressure (≥140 mm Hg in midlife; mean age 
55 years) was associated with an increased risk of 
developing dementia (HR 1·6, 95% CI 1·1–2·4) over an 
18 year follow-up period.12 In this study risk increased 
further if hypertension persisted into later life (mean age 

69 years; HR 2·0, 95% CI 1·3–3·1). In the same cohort, 
people in late midlife (mean age 62 years) with ideal 
cardiovascular parameters (current non-smoker, body 
mass index [BMI] 18·5–25 kg/m², regular phy sical activity, 
healthy diet, optimum blood pressure <120/<80 mm Hg, 
cholesterol, and normal fasting blood glucose) were 
compared to people with at least one of these risks.75 
Those with ideal cardiovascular parameters had a lower 
10-year risk of all-cause dementia (HR 0·8, 95% CI 
0·1–1·0), vascular dementia (0·5, 0·3–0·8) and clinically 
diagnosed Alzheimer’s disease (0·8, 0·6–1·0). In a UK 
cohort study of 8639 civil servants, a single measure of 
systolic blood pressure of 130 mm Hg or higher at 
age 50 years but not at age 60 or 70 years was associated 
with increased risk of dementia (1·4, 1·1–1·7).13 In those 
with persistent systolic blood pressure of  130 mm Hg or 
higher, from mean age 45 to 61 years, dementia risk is 
increased even if free of cardiovascular disease relative to 
those without hyper tension (1·3, 1·0–1·7).

A further cohort study has provided potential insights 
into mechanisms, reporting that midlife hypertension, 
defined as from age 40 years, was associated with 
reduced brain volumes and increased white matter 
hyperintensity volume but not amyloid deposition.76 
Of note, blood pressure declines in later life and this 
decline is associated with and, potentially caused by, 
dementia development (HR 2·4, 95% CI 1·4–4·2).12,13,77

Antihypertensive drugs, aspirin, and statins
The US and Puerto Rico Systolic Blood Pressure 
Intervention Trial (SPRINT) in 9361 hypertensive adults 
aged 50 years and older, was stopped early because of 
significantly fewer cardiovascular events and deaths 
occurring in the intensive treatment arm (aiming for 
systolic <120 mm Hg, n=4678) in comparison with 
standard treatment (systolic <140 mm Hg, n=4683).78 
Cognitive assessment continued after stopping the trial 
intervention in SPRINT MIND.79 In the intensive com-
pared with the standard treatment group, there were 
7·2 dementia cases as opposed to 8·6 cases per 
1000 person-years (HR 0·8; 95% CI 0·7–1·0) within on 
average 2 years from the end of the intervention period 
and 5 years after baseline. Pre-specified secondary 
outcomes were also reduced in the intensive arm for mild 
cog nitive impair ment (14·6 vs 18·3 cases per 1000 person-
years; HR 0·8, 95% CI 0·7–1·0), combined mild cognitive 
impairment or dementia (20·2 vs 24·1 cases per 1000 
person-years; HR 0·9, 95% CI 0·7–1·0)79 making this the 
first trial to suggest reduction of risk for mild cognitive 
impairment. Those who were lost to follow-up were at 
greater risk of dementia than those who continued but 
follow-up rates did not differ according to intervention 
group.80

Four meta-analyses of blood pressure medications to 
lower high blood pressure with six studies overlap 
have provided combined estimates of effects. All meta-
analyses suggest reduced dementia in those in the 
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interventions arms for outcomes of any dementia as well 
as clinically diagnosed Alzheimer’s disease. The first 
included randomised controlled trials (RCTs) of any 
drug to lower blood pressure and reported a reduction in 
risk of around 10% at marginal significance (RR 0·9, 
95% CI 0·9–1·0).81 Meta-regression showed risk lowered 
more if the achieved systolic pressure differential was 
larger between the intervention and control group. The 
second included 15 trials and observational studies of 
diuretics involving 52 599 people (median age 76 years) 
with 6·1 years median follow-up (dementia HR 0·8, 
95% CI 0·8–0·9 and Alzheimer’s disease 0·8, 0·7–0·9).82 
The third included used individual participant data from 
six observational studies; (dementia 0·9, 0·8–1·0 and 
Alzheimer’s disease 0·8, 0·7–1·0; figure 4).83 The fourth 
focused on people prescribed calcium channel blocker 
only, included 10 RCTs and observational studies 
comprising 75 239 hypertensive older adults (median 
age 72 years, median follow-up 8·2 years) found lowered 
dementia risk (RR 0·7, 95% CI 0·6–0·9).84 A 2019 meta-
analysis addressing which class of anti-hypertensive 
drug to use to lower risk of either incident dementia or 

cognitive decline, found over 50 000 participants in 
27 studies and reported no consistent difference in effect 
according to which class of drug was used.85

A Cochrane review reported good evidence that statins 
given to older people at risk of vascular disease do not 
prevent cognitive decline or dementia.86 One RCT found 
100 mg aspirin versus placebo in 19 114 healthy adults 
older than 65 years did not reduce dementia (HR 1·0, 
95% CI 0·8–1·2), death, physical disability, or cardiovas-
cular disease over a period of 4·7 years.87

Physical inactivity, exercise, and fitness
Studies of physical activity are complex. Patterns of 
physical activity change with age, generation, and 
morbidity and are different across sex, social class, and 
cultures. The studies suggest a complicated relationship 
with the potential for both risk reduction and reverse 
causation.

Meta-analyses of longitudinal observational studies 
of 1–21 years duration showed exercise to be associated 
with reduced risk of dementia.2 A further overview of 
sys tematic reviews concluded that there is convincing 

Figure 4: Associations of antihypertensive medication use with incident dementia in those with high blood pressure

Adapted from Ding et al,83 by permission of Elsevier.
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evidence for physical activity protecting against clinically 
diagnosed Alzheimer’s disease.88

Since the 2017 Commission, the HUNT study of 
28 916 participants aged 30–60 years has been published, 
reinforcing the previous literature in this area. At least 
weekly midlife moderate-to-vigorous physical activity 
(breaking into a sweat) was associated with reduced 
dementia risk over a 25-year period of follow-up (HR 0·8, 
95% CI 0·6–1·1) but the confidence intervals were wide.89 
In contrast the Whitehall Study reporting on the 28-year 
follow-up of 10 308 people, found that more than 
2·5 hours of self-reported moderate-to-vigorous physical 
activity per week, lowered dementia risk over 10, but not 
28 years.33 Very long-term studies are unusual; however, 
one 44-year study recruited 191 women (mean age 50) 
purposively to be representative of the Swedish population 
and reported that 32% of the participants with low 
baseline peak fitness, 25% with medium, and 5% with 
high fitness developed dementia (high vs medium 
HR 0·1, 95% CI 0·03–0·5, low vs medium 1·4, 0·7–2·8).90

An individual-level meta-analysis of 19 observa-
tional studies of relatively younger adults included 
404 840 participants’ data (mean baseline age 45·5 years; 
mean follow-up duration 14·9 years), reporting an 
increased incidence of all-cause dementia (HR 1·4, 
95% CI 1·2–1·7) and clinically diagnosed Alzheimer’s 
disease (1·4, 1·1–1·7) in those who were physically 
inactive in the 10-year period before diagnosis.91 Notably, 
however, no difference in dementia risk measured 
10–15 years before time of dementia incidence was 
found except in those with comorbid cardio-metabolic 
disease (RR 1·3, 95% CI 0·8–2·1).

People might stop exercising due to prodromal dementia 
so inactivity might be either a consequence or a cause or 
both in dementia and might be more of a risk in those 
with cardiovascular morbidity. As with other outcomes, 
exercise might be required to be sustained and continue 
nearer the time of risk.92

Trials of exercise
Since the 2017 Commission several meta-analyses and 
systematic reviews have been published with three 
high quality meta-analyses which we include. The first 
included 39 RCTs with an unclear total number of 
participants examining moderate or vigorous exercise 
of any frequency lasting 45–60 min per session in 
cognitively normal adults aged older than 50 years. This 
analysis reported global cognitive improvements (stan-
dard mean difference [SMD]=0·3, 95% CI 0·2–0·4) for 
moderate or vigorous resistance (13 studies) or aerobic 
exercise (18 studies) lasting 45–60 min per session with 
no difference between them but no effect found for 
yoga.93 A second meta-analysis of RCTs in people with 
mild cognitive impairment found global cognition 
improved in the intervention group (0·3, 0·1–0·5) with 
aerobic exercise having a higher effect (0·6, 0·5–0·6).94 
This study did not have dementia as an outcome 

measure. A third meta-analysis of RCTs of longer term 
exercise found five studies (four lasting 12 months and 
one 24 months) with 2878 participants with normal 
baseline cognition.95 The incidence of dementia was 
3·7% (n=949) for exercisers and 6·1% (n=1017) for 
controls (random effect RR 0·6, 95% CI 0·3–1·1; fixed 
effect as no evidence of heterogeneity 0·7, 0·4–1·0). 
The authors concluded that the study showed no 
significant effect of exercise for reducing dementia, mild 
cognitive impairment, or clini cally significant cognitive 
decline but was underpowered. WHO guidelines have 
been published since the 2017 Commission, suggesting 
specific activity levels drawing on these, and one further 
systematic review which considered sex differences on 
the effect of exercise.96,97 It concluded the evidence 
points towards physical activity having a small, beneficial 
effect on normal cognition, with a possible effect in 
mild cognitive impairment, mostly due to aerobic 
exercise.97 Evidence about the effect of specific types of 
exercise, such as progressive muscle resistance training, 
on dementia risk is scarce.

Diabetes
In the 2017 Commission we reported on diabetes as a 
risk factor for dementia. Distinguishing between treated 
and untreated diabetes as a risk factor for dementia is 
challenging in observational studies. In a pooled meta-
analysis from over 2·3 million individuals with type 2 
diabetes across 14 cohort studies, including 102 174 with 
dementia, diabetes was associated with an increased 
risk of any dementia (RR 1·6, 95% CI 1·5–1·8 for women 
and 1·6, 1·4–1·8 for men).98 The risk of dementia 
increased with the duration and severity of diabetes. The 
effect of different diabetic medications on cognition or 
dementia outcomes remains unclear as few studies have 
investigated this area.99 However, one meta-analysis of 
cohort studies of diabetes reported that, cross sectionally, 
people with diabetes taking metformin had lower preva-
lence of cognitive impairment (three studies OR 0·6, 
95% CI 0·4–0·8) and, longitudinally, reduced dementia 
incidence (six studies HR 0·8, 95% CI 0·4–0·9) 
compared with those taking other medications or no 
medication.100 However another analysis did not find a 
protective effect of metformin for incident dementia 
(three studies, RR 1·1, 95% CI 0·5–2·4) with possible 
harm with insulin therapy (1·2, 1·1–1·4); but this did 
not account for severity of diabetes of those with type 2 
diabetes on insulin.99 A Cochrane review reported 
intensive compared to standard diabetes control trials 
with 5 year follow up (n=11 140), showing no impact on 
cognitive decline (1·0, 95% CI 0·9–1·1) or dementia 
(1·3, 0·9–1·9).101 

Overall type 2 diabetes is a clear risk factor for 
development of future dementia; however, whether any 
particular medication ameliorates this risk is unclear. 
Intensive diabetic control does not decrease the risk of 
dementia.
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Combined cardiovascular risk factors
Studies of individual cardiovascular risk factors usually 
control for other cardiovascular risks, which cluster in 
individual people. This does not take into account the 
combinations and contexts in which risk occurs. A 
UK study of 7899 people aged 50 years followed up for 
25 years, calculated a cardiovascular health score based 
on four behaviour-related (smoking, diet, physical 
activity, BMI) and three biological (fasting glucose, 
blood cholesterol, blood pressure) metrics each coded 
on a three-point scale (0, 1, 2).100 A better score was 
associated with a lower risk of dementia (HR 0·9, 
95% CI 0·9–1·0 per 1 point scale increment), for both 
behaviour-related (HR/1 point increment in subscales 
0·9, 95% CI 0·8–0·9) and biological subscales (0·9, 
0·8–1·0), main tained in people free of cardiovascular 
disease over the follow-up (0·9, 95% CI 0·8–1·0). These 
authors also reported an association of the score on the 
scale with hippocampal atrophy and total brain volume 
but not white matter hyperintensities. This finding 
underlines the importance of clustering of cardio vas-
cular risk factors in midlife, as studies of individual risk 
factors in this sample had not shown a significant 
association, when controlling for other individual risks.33

Excessive alcohol consumption
Heavy drinking is associated with brain changes, 
cognitive impairment, and dementia, a risk known for 
centuries.102 An increasing body of evidence is emerging 
on alcohol’s complex relationship with cognition and 
dementia outcomes from a variety of sources including 
detailed cohorts and large-scale record based studies. 
Alcohol is strongly associated with cultural patterns and 
other sociocultural and health-related factors, making it 
particularly challenging to understand the evidence base.

A French 5-year longitudinal study of over 31 million 
people admitted to hospital, found alcohol use disorders 
(harmful use or dependence as defined in ICD) were 
associated with increased dementia risk, calculated 
separately for men and women (women HR 3·3, 95% CI 
3·3–3·4, men 3·4, 3·3–3·4).103 The relationship of 
dementia with alcohol use disorders was particularly 
clear in the earlier onset dementias (age less than 
65 years) in which 56·6% had an alcohol use disorder 
noted in their records (n=57 353; 5·2% all dementias).

A systematic review incorporating 45 studies of light to 
moderate drinking using a variety of definitions reported 
a reduced risk of dementia compared with not drinking 
(RR 0·7; 95% CI 0·6–0·91).104 Risk was not reported 
separately for men and women. Drinking less than 21 units 
of alcohol per week (1 unit of alcohol=10 mL or 8 g 
pure alcohol) might be associated with a lower risk of 
dementia.105,106 A 5-year follow-up study of 13 342 men and 
women volunteers from UK biobank aged 40–73 years who 
drank, included few heavy drinkers and did not analyse 
abstainers.106 The study reported that those who drank 
more than 12 units per week declined slightly more in 

reaction time in a perceptual matching task than those 
who drank less (β2=−0·07, 95% CI −0·09 to −0·04).106 
The UK Whitehall study with 23 years follow-up, included 
9087 participants aged 35–55 years at baseline.107 Drinking 
more than 21 units per week and long-term abstinence 
were both associated with a 17% (95% CI 4–32 and 
13–23 respectively) increase in dementia compared to 
drinking less than 14 units. Drinking more than 14 units 
was also associated with right sided hippocampal atrophy 
on MRI.108

Weight control and obesity
Overweight is an emerging concern, given the changing 
BMI across the world’s ageing population. New evidence 
supports the relationship between increased BMI and 
dementia from a review of 19 longitudinal studies 
including 589 649 people aged 35 to 65 years, followed up 
for up to 42 years. It reported obesity (BMI ≥30; RR 1·3, 
95% CI 1·1–1·6) but not being overweight (BMI 25–30; 
1·1, 1·0–1·2) was associated with late-life dementia.109 In 
a further meta-analysis of individual level data from 
1·3 million adults (aged ≥18 years), which included 
two studies from the meta-analysis cited above,109 higher 
body mass measured before probable preclinical and 
prodromal dementia was associated with increased 
dementia risk (RR 1·3, 1·1–1·7/5-unit increase in BMI).11

Weight loss in midlife and dementia risk
A meta-analysis of seven RCTs (468 participants) and 
13 longitudinal studies (551 participants) of overweight 
and obese adults without dementia, mean age 50 years, 
found weight loss of 2 kg or more in people with BMI 
greater than 25 was associated with a significant 
improvement in attention and memory. All but one of 
the studies included participants aged younger than 
65 years. The RCTs reported memory improvement over 
8–48 weeks (SMD=0·4, 95% CI 0·2–0·6) and short-term 
longitudinal studies found improvement over a median 
of 24 weeks (SMD=0·7, 95% CI 0·5–0·8); however, data 
about the long-term effects or the effect of weight loss in 
preventing dementia are absent.110

Smoking
Smokers are at higher risk of dementia than non-
smokers,2 and at a higher risk of premature death before 
the age at which they might have developed dementia, 
introducing some bias and uncertainty in the association 
between smoking and risk of dementia.111,112 Stopping 
smoking, even when older, reduces this risk. Among 
50 000 men aged older than 60 years, stopping smoking 
for more than 4 years, compared to continuing, substan-
tially reduced dementia risk over the subsequent 8 years 
(HR 0·9; 95% CI 0·7–1·0).113 Worldwide, 35% of non-
smoking adults and 40% of children are estimated to be 
exposed to second-hand smoke;114 although literature on 
the impact of this exposure and dementia risk is scarce. 
One study indicated that in women aged 55–64 years, 
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second-hand smoke exposure was associated with more 
memory deterioration and the risk increased with 
exposure duration even after controlling for other 
confounding factors.115

Depression
Depression is associated with dementia incidence, with 
a variety of possible psychological or physiological 
mechanisms. It is also part of the prodrome and early 
stages of dementia. Reverse causation is possible 
whereby depressive symptoms result from dementia 
neuropathology that occurs years before clinical dementia 
onset. These explanations are not mutually exclusive. 
As in diabetes, few studies considering depression as a 
risk factor for dementia have distinguished between 
treated and untreated depression. In a meta-analysis 
of 32 studies, with 62 598 participants, with follow-up 
from 2 to 17 years, a depressive episode was a risk factor 
for dementia (pooled effect size 2·0, 95% CI 1·7–2·3).116 

Meta-regression analysis revealed a non-significant trend 
for the association between depression and incident 
dementia to be weaker when the length of follow-up was 
longer. The Norwegian HUNT study, suggested that 
symptoms of psychological distress predicted dementia 
25 years later however with wide bounds of uncertainty 
(HR 1·3, 95% CI 1·0–1·7).89 Two further studies differ-
entiate between late-life and earlier life depressive symp-
toms. The UK Whitehall study, in a follow-up of 
10 189 people, reports that in late life these symptoms 
increase dementia risk but not at younger ages (follow-up 
11 years HR 1·7; 95% CI 1·2–2·4; follow-up 22 years 1·0, 
0·7–1·4). 34,117 A 14-year longitudinal study of 4922 initially 
cognitively healthy men, aged 71–89 years, found depres-
sion was associated with 1·5 (95% CI 1·2- 2·0) times the 
incidence of dementia but this association was accounted 
for by people developing dementia within 5 years of 
depression.118 The use of antidepressants did not decrease 
this risk.

A study of 755 people with mild cognitive impairment 
and with a history of depression from the Australian 
longitudinal Alzheimer’s Disease Neuroimaging Initiative, 
considered the effect of selective serotonin-reuptake inhi-
bitor (SSRI) treatment, such as citalopram, known to 
reduce amyloid plaque generation and plaque formation 
in animal models.119 The study found that more than 
4 years of such treatment was associated with delayed 
progres sion to clinically diagnosed Alzheimer’s disease. 
People treated with antidepressants seem likely to differ 
from those who are not treated. Thus, the question of 
whether antidepressant treatment mitigates dementia risk 
remains open.

Social contact
Social contact, now an accepted protective factor, enhances 
cognitive reserve or encourages beneficial behaviours, 
although isolation might also occur as part of the dementia 
prodrome. Several studies suggest that less social contact 

increases the risk of dementia. Although most people in 
mid and later life are married, by the time they reach older 
age, disproportionate numbers of women are widowed as 
they outlive their husbands, thus reducing their social 
contact. In these generations, marital status is therefore 
an important contributor to social engagement. Addit-
ionally, most marriages are in the relatively young, and 
married people usually have more interpersonal contact 
than do single people—this gives a long-term estimate 
of the effect of social contact. A systematic review and 
meta-analysis including 812 047 people worldwide found 
dementia risk to be elevated in lifelong single (RR 1·4, 
95% CI 1·1–1·9) and widowed people (1·2, 1·0–1·4), 
compared with married people and the association was 
consistent in different sociocultural settings.120 Studies 
adjusted for sex and we do not know if a differential risk 
between men and women exists. Differences persisted in 
studies that adjusted for education and physical health so 
might be attributable to married people having more 
social contact, rather than solely because they tend to have 
better physical health and more education, although 
residual confounding is possible. A systematic review and 
meta-analysis of 51 longitudinal cohort studies of social 
isolation and cognition included 102 035 participants 
aged 50 or more years at baseline, with follow-up of 
2–21 years.121 High social contact (measured through 
either or both of social activity and social network) was 
associated with better late-life cognitive function (r=0·05, 
95% CI: 0·04–0·065) and no differences according to sex 
or length of time followed up.

A new meta-analysis found that in long-term studies 
(≥10 years), good social engagement was modestly protec-
tive (n=8876, RR=0·9, 95% CI 0·8–1·0); but loneliness 
was not associated with dementia risk.122 No long term 
(>10 years) studies of loneliness and dementia outcomes 
have been done.

A UK 28-year follow-up study of 10 308 people found 
that more frequent social contact at age 60 years was 
associated with lower dementia risk over 15 years of 
follow-up (HR for one standard deviation social contact 
frequency 0·9, 95% CI 0·8–1·0). This finding suggests 
more frequent social contact during late middle age is 
associated with a modest reduction in dementia risk, 
independent of socio-economic and other life style 
factors.123 A Japanese longitudinal cohort study of 
13 984 adults aged older than 65 years with a mean of 
10 years follow-up calculated a five-point social contact 
scale based on: marital status; exchanging support with 
family members; having contact with friends; partici-
pating in community groups; and engaging in paid work. 
It found the score to be linearly associated with reduced 
dementia risk; those who scored highest on the five-point 
scale were 46% less likely to develop incident dementia 
compared with those in the lowest category.124

Despite clear cultural variation in the meaning and 
perception of social isolation, findings of protective effect 
of more social contact are largely consistent in different 
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settings and for either sex across the studies and meta-
analyses.118,120,121

Social interventions
Little evidence of the effects of social interventions on 
dementia exists but a systematic review of low quality 
RCTs of 576 adults aged 60 or more years with normal 
cognition found facilitated meeting and discussion 
groups were associated with improved global cognition 
and increased brain volume at follow-up.118

Air pollutants
Air pollution and particulate pollutants are associated 
with poor health outcomes, including those related to 
non-communicable diseases. Attention has turned to 
their potential effect on the brain. Animal models 
suggest airborne particulate pollutants accelerate neuro-
degenerative processes through cerebrovascular and 
cardiovascular disease, Aβ deposition, and amyloid 
precursor protein processing.125,126 Although the higher 
levels of dementia from air pollutants are still subject to 
the potential for residual confounding, the effects on 
animal models are evidence of physiological effects over 
and above those driven by life-course deprivation.

High nitrogen dioxide (NO2) concentration (>41·5 µg/m³; 
adjusted HR 1·2, 95% CI 1·0–1·3), fine ambient particulate 
matter (PM)2·5 from traffic exhaust (1·1, 1·0–1·2)127–129 and 
PM2·5 from residential wood burning (HR=1·6, 95% CI 
1·0–2·4 for a 1 μg/m³ increase) are associated with 
increased dementia incidence. Traffic often produces NO2 

and PM2·5 and it is hard to separate their effects, although 
evidence for additive effects of different pollutants 
exists.127–129 A systematic review of studies until 2018 
including 13 longitudinal studies with 1–15 years follow-up 
of air pollutants exposure and incident dementia, found 
exposure to PM2·5, NO2, and carbon monoxide were all 
associated with increased dementia risk.24 The attributable 
burden of dementia and excess death from PM2·5 in one 
large 10-year US study was particularly high in Black or 
African American individuals and socio-economically 
disadvan taged communities and related to particulate 
PM2·5 concentrations above the US guidelines.130

Sleep
Mechanisms by which sleep might affect dementia 
remain unclear, but sleep disturbance has been linked 
with β-amyloid (Aβ) deposition,131,132 reduced glymphatic 
clearance pathways activation,133 low grade inflammation, 
increased Tau, hypoxia132,134 and cardiovascular disease.135 
Sleep disturbance is hypothesised to increase inflam-
mation which raises Aβ burden, leading to Alzheimer’s 
disease and further sleep disturbance.136

Two meta-analyses showed similar findings. The first 
was a synthesis of longitudinal studies with an average of 
9·5 years follow-up and the second reported cross-
sectional and prospective cohort studies of mixed quality 
with different methods of measuring sleep. Sleep 

disturbances were defined broadly, often self-reported 
and including short and long sleep duration, poor sleep 
quality, circadian rhythm abnormality, insomnia, and 
obstructive sleep apnoea. All these disturbances were 
associated with a higher risk of all-cause dementia 
(RR 1·2; 95% CI 1·1–1·3)137 and clinically diagnosed 
Alzheimer’s disease (1·6, 1·3–1·9) compared with no 
sleep disturbance, although not all cohort studies 
excluded those with cognitive impairment or dementia at 
baseline from their analyses.138 A U-shaped association 
has been reported between sleep duration and risk of 
mild cognitive impairment or dementia with higher risks 
of dementia with less than 5 hours (HR=2·6; 95% CI 
1·4–5·1) compared with more than 5 and less than 7 and 
more than 10 hours sleep (2·2, 1·4–3·5) and risks for all-
cause dementia and clinically diagnosed Alzheimer’s 
disease being similar.135,139–141

The postulated mechanisms of reduced sleep leading 
to accumulation of Alzheimer’s type pathology is 
inconsistent with the evidence that both more sleep and 
less sleep are associated with increased risk of dementia. 
New onset late-life sleep disturbance, a few years before 
clinical dementia, might be part of the natural history of 
the dementia syndrome, appearing to be a risk factor, or 
reflect other disorders, for example, mood disturbances or 
cardiovascular disease.135,142 Hypnotic use might increase 
risks although this is unclear and a 2018 study139 suggests 
that findings of a connection were related to reverse 
causality and confounders.143 When benzodiazepine use 
was considered, in one study, sleep length was no longer 
significant139 but not in all studies.135 Those taking 
hypnotics were at greater risk of dementia than those who 
did not regardless of sleep duration.139 Medication for 
sleep disturbance might be harmful and benzodiazepines 
are associated with falls, hospital admissions, and possibly 
dementia.139,144

Diet
Nutrition and dietary components are challenging to 
research with controversies still raging around the 
role of many micronutrients and health outcomes in 
dementia. Observational studies have focused on indivi-
dual components ranging from folate and B vitamins, 
Vitamin C, D, E, and selenium amongst others as 
potential protective factors.88 There has been a move 
towards considering the evidence base for whole diets in 
the last 5 years, particularly high plant intake such as in 
the Mediterranean diet (high intake of vegetables, 
legumes, fruits, nuts, cereals, and olive oil; low intake of 
saturated lipids and meat) or the similar Nordic diet, 
rather than individual nutrients, which might reduce 
cognitive decline and dementia.145 One example is a 
longitudinal cohort study of 960 partici pants, ages 
58–99 years, in which those reporting the highest intake 
of green leafy vegetables, equivalent to 1·3 servings per 
day, had less cognitive decline over 4·7 years than those 
reporting the lowest intake (β=0·05 standardised units 
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95% CI 0·02–0·07).146 The authors report this difference 
as being equivalent to being 11 years younger. A further 
prospective cohort study with three midlife dietary 
assessments in 8255 people, followed up for a mean of 
nearly 25 years, found neither healthy dietary pattern 
nor Mediterranean diet protected from dementia, except 
in those with cardiovascular disease, suggesting that diet 
might influence dementia risk by protecting from the 
excess risk of cardiovascular risk factors.147

Dietary interventions
As well as whole diets, there has been some interest in 
multi-nutrient interventions. A systematic review and a 
Cochrane review including RCTs of supplements (A, B, 
C, D, and E; calcium, zinc, copper, and multivitamins 
trials, n-3 fatty acids, antioxidant vitamins, and herbs) 
found a lack of evidence for supplement use to pre-
serve cognitive function or prevent dementia in middle-
aged (45–64 years) or older people (aged 65 years and 
older).148,149 Cochrane reviews found no evidence for 
beneficial effects on cognition of those with mild cog-
nitive impairment of supplementation with B vitamins 
for 6 to 24 months150 or with vitamin E in preventing 
progression from mild cognitive impairment to demen-
tia.151 A 24-month RCT of 311 people of a multi-nutrient 
drink containing docosahexaenoic acid, vitamins B12, 
B6, folic acid, and other nutrients; found no signifi-
cant effect on preventing cognitive deteriora tion in 
prodromal Alzheimer’s dis ease.152 The authors comment 
that the control group’s cognitive decline was much 
lower than expected, leading to an inadequately powered 
trial.

Meta-analysis of two RCTs with 471 participants 
with normal cognition found the Mediterranean diet 
improved global cognition compared to controls 
(SMD 0·2, 95% CI 0·0–0·4).153 A further meta-analysis 
identified five RCTs (n=1888) with a weak effect on 
global cognition (SMD 0·2, 95% Cl 0·0–0·5)154 but no 
benefit of Mediterranean diet for incident cognitive 
impairment or dementia.

The WHO guidelines recommend a Mediterranean diet 
to reduce the risk of cognitive decline or dementia, as it 
might help and does not harm, but conclude Vitamins B 
and E, polyunsaturated fatty acid, and multicomplex 
supplementation should not be recommended.97

Trials of combination strategies to prevent 
dementia
The FINGER RCT was a 2-year multidomain inter-
vention to prevent cognitive decline and dementia in 
1260 people with cardiovascular risk factors aged 
60–77 years, recruited from a Finnish national survey. 
Similar multidomain studies were discussed in the 2017 
Commission.2 FINGER found a small group reduction in 
cognitive decline in the intervention group compared 
with control (comprehensive neuropsychological test 
battery Z score 0·02, 95% Cl 0·00–0·04) regardless of 

baseline sociodemographic, socio-economic, cognitive, 
or cardiovascular status.155 However, in a subgroup 
analysis, greater beneficial effects were observed on 
processing speed in individuals with higher baseline 
cortical thickness in Alzheimer’s disease areas.156

The Healthy Ageing Through Internet Counselling in 
the Elderly (HATICE) study recruited 2724 older people 
(≥65 years) in the Netherlands, Finland, and France 
with two or more cardiovascular risk factors.157,158 It 
compared an interactive internet platform plus remote 
support by a coach, aiming to improve self-manage-
ment of vascular risk factors, with a non-interactive 
control platform with basic health information. A small 
improvement in the cardiovascular risk composite 
primary outcome was observed in the intervention 
group compared with the control group at 18 months, 
mainly through weight loss, and the dementia risk 
score was slightly lower in those who received 
the intervention (mean difference −0·15, 95% CI 
−0·3 to −0·0). A larger effect was observed in the 
younger age group (65–70 years) and those with the 
lowest level of education, who had a higher baseline 
risk, suggesting that targeting high-risk popula tions 
might be more effective. Several multi domain pre-
ventive trials are ongoing—for example, World Wide 
FINGERS.

Total PAF calculation
We incorporated excessive alcohol consumption, TBI, 
and air pollution into our life-course model of dementia, 
as well as the original nine risk factors, because of the 
updated evidence. To calculate new RRs for excessive 
alcohol consumption, TBI and air pollution, we sys-
tematically reviewed the literature and did new meta-
analyses for excessive alcohol consumption and TBI. 
For the other nine factors, we used values for RR and 
risk factors prevalence from our previous analysis and 
calculated communality using the same method as in 
the 2017 Commission.2

PAF calculation
We used a representative sample of over 10 000 UK 
community-dwelling adults, to calculate communality 
(clustering of risk factors) of 11 risk factors for which 
data existed,159 to allow calculation of each factor’s 
unique risk. As we could find no datasets measuring 
TBI, with the other 11 risk factors of interest, we could 
not calculate its communality. We therefore used the 
mean of the other 11 communalities to calculate a 
weighted PAF, so we could include TBI. We used 
cohabitation as a proxy measure for social contact, and 
urbanicity for air pollution exposure. Our analysis 
found four principal components, explaining 55% of 
the total variance between the eleven risk factors, 
suggesting substantial overlap. The appendix (p 2) 
shows the PAF formula and the steps in calculating 
communality and we detail our new meta-analyses 

See Online for appendix

For the World Wide FINGERS 

network see http://wwfingers.

com/

http://wwfingers.com/
http://wwfingers.com/
http://wwfingers.com/
http://wwfingers.com/
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next, which we used to update the figure and perform 
our new calculations.

Incorporation of the new chosen risks in new 
systematic reviews
Alcohol
We searched, from inception to Oct 29, 2019, Embase, 
Allied, and Complementary Medicine, MEDLINE, and 
PsycINFO terms “dementia” OR “dement*” OR “AD” OR 
“VaD”, “Alzheimer*” AND “alcohol” OR “ethanol” OR 
“alcohol*” OR “drink*” OR “drunk*” to update an earlier 
review.160 We used inclusion criteria: original population-
based cohort studies measuring drinking during midlife, 
as alcohol intake tends to fall with age;161 alcohol 
consumption quantified at baseline by units or number 
of drinks (one drink, 1·5 units) per week; and all-cause 
dementia ascertained at follow-up using validated clinical 
measures. We contacted authors for additional data.162 
Three studies met our inclusion criteria.107,162,163 We 
converted HRs to RRs 164 and used raw data162 to calculate 
RR,165 for our random effects meta-analysis using Generic 
Inverse Variance Methods. The RR associated with 
drinking—more than 21 units (168 g) of alcohol weekly—
compared with lighter drinking was 1·18 (95% Cl 
1·06–1·31; figure 5). We used Health Survey England 

figures for heavier drinking prevalence to calculate PAF 
as we could not find a worldwide estimate. The weighted 
PAF was 0·8.

TBI
To estimate the RR of TBI of all severities for all cause 
dementia, we searched Embase, Medline, and PsycINFO 
from Jan 1, 2016, to Oct 21, 2019, updating an earlier 
search,166 using terms (“traumatic brain injury” or “head 
injury” or “brain injury” or TBI) AND (neurodegeneration 
or “cognitive dysfunction” or dementia or “Alzheimer’s 
disease” or “Parkinson’s disease” or “frontotemporal 
dementia”). We converted HR figures to RR.164,167 We 
used inclusion criteria: original population-based cohort 
studies, baseline TBI of all severities reported, and all-
cause dementia ascertained at follow-up using validated 
clinical measures. We combined four new studies meeting 
inclusion criteria67,68,71,168 with the four studies meeting 
criteria from the original review in a random effects meta-
analysis.166 The pooled RR was 1·84 (95% CI 1·54–2·20) 
for all cause dementia from all severities of TBI (figure 6) 
although there was heterogeneity in study-specific esti-
mates, possibly because of different popula tions. We used 
the TBI adult population prevalence of 12·1% from a meta-
analysis to calculate PAF.173 The weighted PAF was 3·4.

Figure 5: Meta-analysis of relative risk of dementia associated with drinking more than 21 units of alcohol per week in midlife compared to lighter 

consumption of alcohol 

Lower dementia risk Higher dementia risk

Log 

(risk ratio)

Weight Risk ratio

IV, random, 95% CI

Total

Study or subgroup

Handing et al (2015)163

Jarvenpaa et al (2005)162

Sabia et al (2018)107

Total (95% CI)

Heterogeneity τ2=0·00, χ2=0·06, df=2 (p=0·97); I2=0%

Test for overall effect z=3·00 (p=0·003)

0·17

0·29

0·16

SE

0·09

0·53

0·07

Drinking 

>21 units per week

300

23

2232

2555

Total

Drinking 

<21 units per week

9153

310

552

15 015

37·3%

1·1%

61·1%

100·0%

1·19 (0·99–1·41)

1·34 (0·47–3·78)

1·17 (1.02–1·35)

1·18 (1·06–1·31)

0·01 0·1 1 10 100

Figure 6: Meta-analysis of relative risk of all-cause dementia associated with all severity midlife traumatic brain injury
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Pollution
A 2019 systematic review synthesised observational 
studies, finding consistently increased risk of dementia 
from air pollution, but heterogeneous comparator groups 
precluded meta-analysis.24 We updated the search, using 
the same search terms and searching MEDLINE, 
Embase, and PsycINFO from Sept 20, 2018, (the end 
date of the last search) to Oct 22, 2019. We included 
longitudinal studies with assessment of all cause air 
pollution exposure; use of formal assessment of cogni-
tive function at baseline; report of incident all-cause 
dementia, data from adults (age ≥18 years); and a 
minimum follow-up of 6 months. As meta-analysis was 
not possible, we used data from the only study of all-
cause air pollution with the outcome of all-cause 
dementia, with low-moderate risk of bias. This 

population-based, observational cohort was from Canada, 
where pollutant concentrations are among the lowest 
in the world and examined 2 066 639 people, with a 
mean baseline age of 67 years.174 We calculated the RR 
of dementia for those in the three highest quartiles 
compared to the lowest was 1·09 (1·07–1·11). The 
attributable fraction for exposure to the highest three 
quartiles versus the lowest quartile of PM2·5 and NO2 was 
6·1% (4·8–7·5). The weighted PAF was 2·3.

Table 1 displays the prevalence, commu nality, relative 
risk, unweighted and weighted PAFs adjusted for com-
munality. Figure 7 shows the updated life-course model 
of potentially modifiable risk factors for dementia, 
including the three new risk factors.

Strengths and limitations
This Commission is the most comprehensive ana lysis to 
date and updates the 2017 Commission with emerging 
risk factor evidence convincing enough to calculate 
PAF for potentially reversible risk factors. We reviewed 
the literature systematically for the chosen risk factors 
and provided illustrative new literature to update our 
synthesis and identify data to calculate communality. We 
find a hopeful picture with an estimate of around 40% of 
all cases of dementia being associated with 12 potentially 
modifiable risk factors.

We have made assumptions to calculate this new 
model. We used global figures for dementia risk 
although we know the risk factors prevalence varies 
between countries and most global research is from 
HIC, so LMIC are under-represented because of lack of 
data. We have assumed a causal relationship between 
risk factors and dementia, although we have been 
cautious and not included risk factors with less good 
evidence. No single database exists with all 12 risk factors 
together, but we found 11 of the factors in a UK database 
and used the mean figure for communality calculations 
for TBI. We calculated communality for the other 11. We 
do not know how far findings of communality in other 
geographical populations might differ, or in those with a 
differing distribution of age groups or sex. We found 
that social isolation was not explicitly measured and had 
to use proxies, such as cohabitation when considering 
prevalence, which are approximate.

Specifically, evidence for the association of alcohol 
misuse with dementia comes from HIC and future 
studies from LMIC are needed to complete the picture. 
Exposure to air pollution changes over a lifetime and is 
inextricably linked to poverty and deprivation. However, 
the effects on animal models suggests specific physio-
logical effects over and above those driven by life-course 
deprivation. We also considered the overlap with educa-
tion for this and other risk factors and the correction for 
education, strongly inversely linked to deprivation, will 
address at least some of the confounding. However, the 
results in one study which reported the effect of air 
pollution on incident dementia showed very little 

Figure 7: Population attributable fraction of potentially modifiable risk factors for dementia
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difference in estimates before and after adjustment for 
education and other risk factors, suggesting little residual 
confounding exists.174 We were also unable to meta-
analyse data on pollution and thus unlike the other 
relative risks, the figure comes from only one study, from 
an area of low pollution so is likely to be an underestimate.

The longitudinal evidence linking potentially modifiable 
risk factors to dementia generally fulfils causality criteria 
in observational data (strength, consistency, biological 
plausibility, temporality, dose–response, coherence, and 
quasi-experimental studies, for example, more education 
or using hearing aids). When measuring a risk nearer to 
the age of dementia onset, then it is more likely that 
prodromal change affects, or even causes it. Alternatively, a 
risk factor might act on preclinical pathology or even cause 
dementia near the time of exposure. Thus, excessive 
alcohol, and TBI are particularly important in young-onset 
dementia, although many early onset dementias relate to 
genetic risks. Risk factors might also matter more at a time 
of higher biological vulnerability, which the studies we 
have drawn on cannot establish. The length of exposure 
required for risk or protection effect, and their inter-
relationships as they change across life is unclear—it 
seems probable that longer or more intense exposure has 
stronger effects. Additionally, as our communality figures 
show, risk factors overlap. We cannot establish from these 
data if having multiple risk factors has an additive or 
synergistic effect. Association does not prove causation, 
however, as already noted, the reductions in prevalence 
and incidence in several HIC suggests that at least some of 
the risk factors estimated here do have a causal relationship 
with the clinical expression of dementia.

Key points and recommendations
We judge that sufficient new evidence supports adding 
three additional modifiable risk factors for dementia to 
our 2017 Commission model (excessive alcohol, traumatic 
brain injury, and air pollution). We have been able to add 
updated evidence on the nine risk factors implicated in 
the 2017 Commission (education, hypertension, hearing 
impairment, smoking, obesity, depression, inactivity, 
diabetes, and social contact). Reduction of these risk 
factors might be protective for people with or without a 
genetic risk, although study findings have not been 
entirely consistent.175–178 As we noted in the 2017 
Commission, others have previously calculated an esti-
mate of the risk associated with APOε4 at 7% taking into 
account some other risk factors and this estimate 
highlights how relatively important potentially modifiable 
risk factors are in dementia.2,179

For some risk factors, the pattern of risk and the 
individual’s other health, both physical and mental, 
might be especially important. Currently, the evidence 
suggests a Mediterranean or Scandinavian diet might 
have value in preventing cognitive decline in people with 
intact cognition, particularly as one component of a 
healthy lifestyle, although how long the exposure has to 

be or during which ages is unclear. We do not recommend 
taking additional vitamins, oils, or mixed dietary supple-
ments as a means of preventing dementia as extensive 
testing in trials has not led to signals of beneficial effects.

Data from RCTs on interventions to prevent cognitive 
decline, all-cause dementia, or Alzheimer’s disease are 
few. For some key life influences, only observational 
data, particularly related to natural experiments such as 
changing the statutory education age, are possible. These 
influences should be investigated systematically wherever 
possible. Others can theoretically be investigated but the 
long follow-up required for midlife risk and protective 
factors and non-random attrition in longer studies are 
challenging. Using intermediate endpoints, such as 
cognition, and dementia onset in research remains 
uncertain because no intermediate markers with such a 
close relationship to dementia outcomes exist that it 
would be possible to predict with certainty for any given 
individual, age, and sex. Overall, the evidence for treating 
hypertension is strongest and high blood pressure 
throughout midlife increases the risk of dementia even 
without stroke.

Although a need for more evidence is apparent, recom-
mendations should not wait, as clear indications of ways 
to reduce the chances of developing dementia without 
causing harm will also lead to other health and wellbeing 
benefits.

Our recommended strategies for dementia risk 
reduction include both population-wide and targeted 
interventions (panel). It is important to remember that 
more socially disadvantaged groups, including Black, 
Asian, and minority ethnic groups, are particularly at 
risk.

Although we have more to learn about effectiveness, 
avoiding or delaying even a proportion of potentially 
modifiable dementias should be a national priority for all.

Interventions and care in dementia
Not all dementia will be preventable and we present the 
latest evidence on intervention and care for dementia. To 
date the emphasis has been on specific subtypes of 
dementia, most notably on Alzheimer’s disease, which has 
been conceptualised over the years in a variety of changing 
diagnostic criteria—eg, DSM IV and DSM V.180,181 Intense 
efforts have been put into biomarkers for early preclinical 
detection of the disease process before it becomes 
dementia. Biomarkers need to show reliability and validity, 
and for dementias they also need to be very closely and 
clearly related to clinical syndrome outcomes in the way 
that, for example, human papillomavirus is for cervical 
cancer, and hypertension has been for stroke.

Biomarkers and detection of Alzheimer’s disease
Markers of neurodegeneration linked to clinical dementia 
include brain volume loss—ie, hippocampal volume loss 
and entorhinal cortex and medial temporal cortical 
thinning—seen in structural imaging. The most studied 
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molecular markers are in Alzheimer’s disease and are 
amyloid and tau, which PET and CSF detect clinically. 
The prevalence of particular pathologies at different ages 
is important in interpretation of such studies. So, for 
example, population derived studies show increases in 
plaques in the population from less than 3% at age 
50–59 years to around 40% at age 80–89 years.182

Amyloid imaging
Amyloid imaging detects amyloid in the brain with high 
sensitivity and specificity in both cognitively normal and 
people with Alzheimer’s disease when the gold-standard 
comparison is either neuropathology or clinical diag nosis, 
distinguishing Alzheimer’s disease from other neuro-
degenerative conditions.183 Amyloid imaging is not a 
diagnostic test for dementia. A US study of randomly 
selected older people from the community recruited 
1671 people (mean age of 71 years).182 The prevalence of 
PET detected amyloid positivity increased from 2·7% 
(95% CI 0·5–4·9) of people without cognitive impairment 
aged 50–59 years to 41·3% (95% CI 33·4–49·2%) aged 
80–89 years.182 In 10-year follow-up PET positivity was 
associated with a higher probability of developing 
Alzheimer’s disease compared with those who were 
amyloid negative (HR 2·6, 95% CI 1·4–4·9). In partici-
pants with mild cognitive impairment who were amyloid 
positive the probability (HR 1·9, 95% CI 0·9–3·9) was 

not very different to those who were amyloid negative 
(1·6, 0·8–3·4).

Similarly, an 8-year follow-up study of 599 volunteers 
(average age 70 years) in Australia found that cognitively 
normal PET amyloid-positive people had an elevated 
risk of developing Alzheimer’s disease compared with 
amyloid negative (17·7% vs 8·1%; OR 2·4, 95% CI 
1·5–4·0).184 Over 80% of the 266 people who were PET 
amyloid-positive did not go onto develop a cognitive 
impairment within 8 years, showing positive status 
does not predict impairment for most people in a 
timeframe that might be a useful prognostic window. 
Follow-up at 5 years of amyloid-positive participants 
with normal cognition or mild cognitive impairment 
versus amyloid negative people found the same pattern 
of increased risk (2·6, 1·4–4·9). Risk also increases per 
1 year of age (HR 1·05, 95% CI 0·55–2·0/year), and 
APOEε4 status (2·6, 1·4–5·0).184

Most people who are amyloid positive with no other 
markers have not developed Alzheimer’s disease dementia 
during their lifetime. A model of lifetime risks of people 
who are amyloid positive without any other biomarkers 
finds it to be 8·4% for a 90-year-old woman who is 
cognitively normal at baseline, 23·5% for a 75-year-old 
woman and 29·3% for a 65-year-old woman.185 The 10-year 
risk is considerably less, so a 65-year-old woman with only 
amyloid biomarkers but who is cognitively normal and 
has no neurodegeneration has a 10-year Alzheimer’s 
disease risk of 2·5% and a man 2·3%, but the risk is 
higher with accompanying neurodegeneration (table 2).185

Overall, the knowledge of PET-measured amyloid and 
tau status and MRI-derived cortical thickness in a general 
population derived sample, only adds a small improve-
ment, which might not be clinically important for 
predicting memory decline over a model with clinical and 
genetic variables.186

Using amyloid PET in patients with cognitive impair-
ment of uncertain causes, results in changes to the 
clinical diagnosis of Alzheimer’s disease187 and sometimes 
to medication prescription. We do not know whether 
PET use improves patient care or decreases care costs. 
Many people have a mixed cause of dementia and a 
positive result does not indicate only Alzheimer’s disease.

Fluid biomarkers
PET imaging is very costly (US$3000 in the USA) and 
although used in some clinical settings remains the topic 
of research to understand its usefulness in broader 
populations. Fluid biomarkers—ie, blood and cerebro-
spinal fluid tests—have become a more practical focus of 
interest since it has become possible to measure specific 
proteins linked to the proteins associated with the 
neuropathologies of Alzheimer’s disease.188 A composite 
blood biomarker for amyloid tested in a discovery dataset 
and then a validation cohort of participants aged 
60–90 years who were already taking part in studies in 
Japan or Australia had areas under the receiver operating 

Panel: Recommended strategies for dementia risk reduction

Risks are particularly high in more socially disadvantaged populations including in Black, 

Asian, and minority ethnic groups.

Population-wide

• Prioritise childhood education for all, worldwide

• Implement social public health policies that reduce hypertension risk in the entire 

population

• Develop policies that encourage social, cognitive, and physical activity across the life 

course for all (with no evidence for any specific activities being more protective)

• Scrutinise the risks for hearing loss throughout the life course, to reduce the risk of 

exposure to this risk factor

• Reduce the risk of serious brain trauma in relevant settings, including occupational 

and transport

• National and international policies to reduce population exposure to air pollution

• Continue to strengthen national and international efforts to reduce exposure to 

smoking, both for children and adults, and to reduce uptake and encourage cessation

Targeted on individuals

• Treat hypertension and aim for systolic blood pressure <130 mm Hg in midlife

• Use hearing aids for hearing loss; we need to help people wear hearing aids as many 

find them unacceptable, too difficult to use, or ineffective

• Avoid or discourage drinking 21 or more units of alcohol per week

• Prevent head trauma where an individual is at high risk

• Stopping smoking is beneficial regardless of age

• Reduce obesity and the linked condition of diabetes by healthy food availability and 

an environment to increase movement

• Sustain midlife, and possibly late-life physical activity



The Lancet Commissions

www.thelancet.com   Vol 396   August 8, 2020 431

characteristic curves of 96·7% for discovery and 94·1% 
for validation. The blood biomarker had sensitivity and 
specificity above 80% against amyloid PET measurement188 
and correlated with CSF concentrations of Aβ1–42. These 
results are similar to other amyloid blood biomarkers189,190 
and harmonisation to a common reference standard is 
now vital. Although CSF Aβ1–42/1–40 ratio and amyloid 
PET are now considered interchangeable,191 CSF tau 
biomarkers have only correlated weakly with brain tau 
as currently measured by radioligands.192 Neurofilament 
light protein is measured in many cohorts; however, it is 
non-specific. People with Huntington’s disease, multiple 
sclerosis, mild cognitive impairment, and Alzheimer’s 
disease might have raised blood neurofilament light con-
centrations, which are a marker of neurodegeneration.193–195

Key points and conclusions
To be useful in clinical practice biomarkers must be well 
understood in the populations to which they are going to 
be applied, including the effects of age and sex on results. 
There is now reasonable evidence that amyloid and tau 
measured by PET or in fluid indicate increased risk for 
development of cognitive impairment in older adults but 
at the individual level prognostication is not possible as 
most cognitively normal people with these markers 
do not develop dementia within a clinically relevant 
timeframe. Negative amyloid results can be useful for 
ruling out current Alzheimer’s pathology in people with 
cognitive impairment when the cause is uncertain and 
show an individual is unlikely to develop Alzheimer’s 
disease during the next few years. High neurofilament 
light concentrations indicate a neuro degenerative process 
but not its cause. The value of biomarkers, in terms of 
diagnostic value, has not been addressed in different 
representative populations and particularly not in those 
from LMIC. The potential advantages of blood biomarkers 
are their low cost and their wider acceptability and 
applicability in many settings. In many areas of medicine 
more reliable diagnostic tests have improved research, 
including epidemiological and public health research 
and trials, to help distinguish cause from symptom 

(tuberculosis from a fever) or assess risk factor and 
disease (hyper cholesterolaemia and ischaemic heart 
disease). Those biomarkers developed for the underlying 
biology of the dementia syndrome are subject to the same 
assessment of value.

Principles of intervention in people with dementia
In the 2017 Commission, we discussed that when 
concerns are raised by patients or family, an accurate 
diagnosis is helpful. Such a diagnosis provides a 
gateway to intervention and services where available, for 
planning for possible futures, and support for family, as 
well as to research. Unfortunately, these services are not 
always available. National plans for dementia support 
timely diagnosis and offer help to individuals and their 
families.

We did not address screening of those not presenting 
with concerns but rigorous systematic reviews by the 
US Task Force on Prevention have found an absence 
of evidence of benefit and harm.196 The first trial of 
population screening took place in the USA, screening 
4005 primary care patients aged 65 years or older. No 
clear benefit or harm in terms of quality of life, mood, or 
increasing diagnostic rates was found.197 Other strategies 
might become more valuable in time such as sensitive 
awareness of risk factors, when routine records suggest 
an individual might be deteriorating cognitively.198

People with dementia have complex problems with 
symptoms in many domains. Those providing support 
and any interventions must consider the person as a 
whole, as well as their context and their close carers, 
whether family or friends. Individuals’ medical, cognitive, 
psychological, environmental, cultural, and social needs 
must be given consideration.2 In the context of under 
provision of services, this notion is and will continue to 
be a challenge. Dementia, as an illness which affects 
cognition by definition, affects the ability to organise 
activities and people with dementia often need help to do 
what they enjoy—for example, listen to music, or go to 
gardens and parks. Wellbeing is one of the goals of 
dementia care.

Normal state 1 Amyloidosis 

state 2

Neurodegeneration 

state 3

Amyloidosis and 

neurodegeneration 

state 4

Mild cognitive impairment 

and amyloidosis and 

neurodegeneration state 5

Mild cognitive impairment 

and neurodegeneration 

state 6

60 years 0·2 (0·06–0·8) 1·3 (0·6–2·5) 3·6 (1·1–14·2) 7·1 (4·5–10·9) 93·5 (91·1–95·0) 57·2 (48·2–67·9)

65 years 0·5 (0·14–1·8) 2·5 (1·2–4·9) 4·3 (1·4–15·0) 10·7 (6·8–16·2) 91·7 (89·2–93·5) 55·4 (46·6–65·8)

70 years 1·1 (0·34–3·5) 4·7 (2·4–8·7) 5·5 (2·0–16·6) 15·5 (10·0–22·8) 88·6 (85·8–90·6) 52·2 (43·8–62·4)

75 years 2·2 (0·74–6·5) 7·8 (4·1–14·0) 7·3 (2·9–19·0) 20·8 (13·7–29·7) 83·8 (80·7–86·2) 47·4 (39·6–57·0)

80 years 3·7 (1·3–9·8) 11·1 (6·0–18·7) 9·3 (3·9–20·9) 24·4 (16·4–33·8) 75·8 (72·2–78·7) 40·0 (33·1–48·6)

85 years 4·7 (1·8–11·0) 11·5 (6·5–18·5) 9·7 (4·3–19·3) 23·1 (15·8–31·2) 63·7 (59·6–67·2) 30·0 (24·5–37·2)

90 years 3·8 (1·5–8·2) 8·2 (4·7–12·9) 7·1 (3·3–13·3) 16·8 (11·5–22·6) 46·7 (42·7–50·2) 19·1 (15·3–24·3)

Data are relative risk (95% CI) or %. Reproduced from Brookmeyer and Abdalla185 by permission of Elsevier.

Table 2: Ten-year risks by age of developing Alzheimer’s disease for women based on amyloidosis alone and in the presence of neurodegeneration and 

mild cognitive impairment
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Interventions once a diagnosis has been made
Medication
Cholinesterase inhibitors have a useful, modest role 
in improving cognition and activities of daily living in 
patients with mild-to-moderate Alzheimer’s disease 
and memantine can be prescribed in combination or 
each drug used separately for moderate and severe 
Alzheimer’s disease.2,199,200 However, although available in 
most countries these drugs are no longer remunerated 
in France because it is felt that they offer only a small 
benefit while shifting clinician’s attention from other 
interventions. Whether non-prescribing of this drug will 
help patients by removing an intervention with known 
benefit or be detrimental to them is unknown.201 No 
advances have been reported in Aβ therapeutics, with 
negative results from phase 3 trials of monoclonal 
antibodies (eg, solanezumab, crenezumab) and inhibitors 
of β-secretase, a protease involved in the production of 
Aβ peptides.202 Aducanumab previously abandoned as 
futile now has further unpublished results. Three 
5HT6 antagonists and the calcium channel blocker 
nilvadipine203,204 have also been ineffective. These drugs 
also show substantial impact during treatments at so-
called therapeutic concentrations on the leakiness of 
blood vessels. The long-term impact of such side-effects 
is unknown. Anti-tau, anti-amyloid, and anti-inflam-
matory drugs continue to be in focus and some argue that 
pre-symptomatic interventions are necessary, especially if 
targeting Aβ production, but no evidence of efficacy205 and 
some evidence of worsening target symp toms currently 
exists.206

Cognitive training in people with dementia
A meta-analysis of 12 controlled trials of 389 people with 
mild dementia, completing 4 or more hours of group-based 
computerised cognitive training (mean age 66–81 years, 
63·5% female participants), found a small, statistically 
significant beneficial effect on overall cogni tion, driven by 
two trials of virtual reality or Video games (SMD=0·3, 
95% CI 0·0–0·5), one with a low and one with a high risk 
of bias.55

A Cochrane review207 found 33 trials of cognitive 
training, only one of which over lapped with the study 
above, with around 2000 participants with mild-to-
moderate dementia, most with a high or uncertain risk of 
bias.207 People completing cognitive training, compared 
with usual treatment or non-specific activities, had 
small-to-moderate effects on overall cogni tion (SMD 0·4, 
95% CI 0·2–0·6) and specific cognitive abilities such as 
verbal fluency and improvements lasted for a few months 
to 1 year. No direct evidence was observed to suggest that 
cognitive training was better than cognitive stimulation 
therapy.

Exercise and physical activity
The Dementia and Physical Activity RCT208 found mode-
rate-to-high intensity aerobic and strength exercise 

training did not slow cognitive impairment in people 
with mild-to-moderate dementia but improved physical 
fitness. The US Reducing Disability in Dementia study209 

implemented an at-home multicomponent intervention 
including exercise education, training to increase pleasant 
events, and activator-behaviour-consequence problem-
solving approach over 6 weeks by case managers in 
255 community dwelling people with dementia older 
than 60 years and their family carer and were able to 
follow up 140 (54·9%). The study found increased 
physical activity; days of taking 30 or more minutes of 
exercise (effect size 0·6, 95% CI 0·4–0·8 after the 
treatment and 0·3, 0·1–0·5 at 13 months) in a before and 
after intervention comparison.

Interventions for neuropsychiatric symptoms of 
dementia
Neuropsychiatric symptoms are common and often 
clus tered in people with dementia. These symptoms 
might precede dementia and are associated with tau 
and amyloid neuropathology.210 This suggests that under-
lying neurobiological mechanisms might underpin 
neuropsychiatric symptoms. However, other drivers 
relating to the personal history and the environment of 
the person with dementia are also likely to exist. 
Neurodegeneration could lead to increased vulnerability 
to stressors or triggers. Genetics, cognitive reserve, 
resilience, medical comorbidities, and environment 
including responses of carers might modify these 
relationships. Needs and responses will also be 
individual and relate to a person’s own social, cultural, 
and historical context. First-line assessment and 
management of neuropsychiatric symptoms should 
focus on basic health: describe and diagnose symptoms; 
look for causes such as pain (using validated pain 
assessments might help), illness, discomfort, hunger, 
loneliness, boredom, lack of intimacy and worry that 
could cause the behaviours and alleviate these while 
considering risks of harm.2

No new evidence of medication effectiveness for these 
symptoms exists; risperidone in low doses (0·5 mg daily) 
and some other antipsychotics are sometimes effective 
but often ineffective and have adverse effects.2 Specific 
initiatives have led to a decrease in antipsychotic 
prescriptions for people with dementia, although often 
replaced with other psycho tropics (figure 8), such as 
benzodiazepines, antidepres sants, and mood stabi-
lisers.211 These psychotropics lack evidence of efficacy 
for neuropsychiatric symptoms but show clear evidence 
of possible harm; for example, trazodone and benzo-
diazepines increase fall-related injuries.144 Major policy 
changes should be assessed carefully, within and across 
countries for unintended consequences (and perhaps 
unexpected benefits) and their costs.

Evidence is slowly accumulating for the effectiveness, at 
least in the short term, of person-centred evidence-based 
psychosocial interventions. In Germany, a 6-month 



The Lancet Commissions

www.thelancet.com   Vol 396   August 8, 2020 433

cluster RCT of nurse-delivered, supervised dementia care 
management used a computer-assisted nurse assessment 
to determine personalised intervention modules, then a 
multi-disci plinary team discussion and agreement with 
the physician for 634 people (mean age 80 years) with 
dementia living at home with a primary carer or alone.212 
The mean mini mental state examination (MMSE) was 23, 
only 38% had a formal diagnosis of dementia; the majority 
of participants (51%) had mild dementia but some had 
moderate and some severe dementia. The intervention 
consisted of psychosocial management of treatment and 
care, medi cation management and carer support, and 
education and discussion with a psychiatrist or neuro-
logist. The intervention, compared with care as usual, was 
associated with better outcomes for neuropsychiatric 
symptoms (Neuropsychiatric Inventory [NPI] score −7·5, 
95% CI −11·1 to −3·8), however this effect could be because 

of deterioration in care as usual (in the care as usual group 
NPI increased from 7·2 to 15·2; in the intervention 
group NPI increased from 7·6 to 8·2). This between-group 
reduction in neuropsychiatric symptoms was greater than 
that expected, extrapolating from other study results, with 
antipsychotic medication. Effects on quality of life were 
only apparent for those people living with a carer.

An eight-session home-based tailored activity pro-
gramme RCT, tailored both to the person with dementia 
living at home and to a family member compared with 
eight telephone-based education sessions, recruited 
160 participants with 64% follow-up, imputing values 
for the rest.213 The study reported a large reduction in 
overall neuropsychiatric symptoms immediately after the 
intervention, which were better in the group receiving 
home-based tailored activity programme on the neuro-
psychiatric inventory (mean difference in score 24·3, 

Figure 8: Proportion of patients with a diagnosis of dementia prescribed an antipsychotic drug (A) and those prescribed an anxiolytic, hypnotic, 

or antidepressant (B)

CPRD=Clinical Practice Research Datalink. Reproduced from Donegan et al,211 by permission of Elsevier.

0

5

10

15

20

25

A

P
at

ie
n

ts
 w

it
h

 d
em

en
ti

a 
in

 t
h

e 
C

P
R

D
 w

it
h

 a

p
re

sc
ri

p
ti

o
n

 f
o

r 
an

 a
n

ti
p

sy
ch

o
ti

c 
d

ru
g

 (
%

)

Any

Typical

Atypical

Ju
ly–S

ept, 
2005

Oct
–D

ec, 
2005

Ja
n–M

arc
h, 2

006

April
–Ju

ne, 2
006

Ju
ly–S

ept, 
2006

Oct
–D

ec, 
2006

Ja
n–M

arc
h, 2

007

April
–Ju

ne, 2
007

Ju
ly–S

ept, 
2007

Oct
–D

ec, 
2007

Ja
n–M

arc
h, 2

008

April
–Ju

ne, 2
008

Ju
ly–S

ept, 
2008

Oct
–D

ec, 
2008

Ja
n–M

arc
h, 2

009

April
–Ju

ne, 2
009

Ju
ly–S

ept, 
2009

Oct
 2009–D

ec, 
2019

Ja
n–M

arc
h, 2

010

April
–Ju

ne, 2
010

Ju
ly–S

ept, 
2010

Oct
–D

ec, 
2010

April
–Ju

ne, 2
011

Ju
ly–S

ept, 
2011

Oct
–D

ec, 
2011

Ja
n–M

arc
h, 2

012

April
–Ju

ne, 2
012

Oct
–D

ec, 
2012

Ja
n–M

arc
h, 2

013

April
–Ju

ne, 2
013

Oct
–D

ec, 
2013

April
–Ju

ne, 2
014

Ju
ly–S

ept, 
2014

Oct
–D

ec, 
2014

Ja
n–M

arc
h, 2

015

April
–Ju

ne, 2
015

Ju
ly–S

ept, 
2013

Ja
n–M

arc
h, 2

014

Ja
n–M

arc
h, 2

011

Ju
ly–S

ept, 
2012

0

5

10

20

30

40

15

25

35

P
at

ie
n

ts
 w

it
h

 d
em

en
ti

a 
in

 t
h

e 
C

P
R

D
 w

it
h

 a
 p

re
sc

ri
p

ti
o

n

fo
r 

an
 a

n
xi

o
ly

ti
c,

 h
yp

n
o

ti
c,

 o
r 

an
ti

d
ep

re
ss

an
t 

(%
)

Quarter

Anxiolytics

Hypnotics

Antidepressants

B



The Lancet Commissions

434 www.thelancet.com   Vol 396   August 8, 2020

95% CI 3·1–45·6), and on functional dependence and 
pain but this was not sustained 4 months later. Non-
completers had more severe neuropsychiatric symptoms.

Depression
Since the 2017 Commission two new systematic reviews of 
antidepressants to treat depression in dementia reported 
moderate quality evidence that antidepressant treatment 
for people with dementia does not lead to better control of 
symptomatology compared with placebo.214,215

Agitation
Agitation is distressing for people with dementia and 
those around them, and contributes substantially to the 
overall costs as the level of agitation increases.216 The 
body of evidence on this key behaviour is growing, mostly 
focused on care-home settings. These findings are 
valuable as these populations are most affected; however, 
because many people with dementia reside at home a 
major gap in knowledge remains.

Care home residents with agitation often find sitting 
still difficult and therefore might not be included in 
activities.217,218 Two new cluster RCTs of professionals 
delivering multicomponent, interdisciplinary, interven-
tions in care homes successfully reduced agitation. 
The WHELD study219 included participants with or 
without neuropsychiatric symptoms and provided 
person-centred care, aiming to improve communication 
with people with dementia. It implemented social, 
sensory experiences or other activities; educated about 
antipsychotic review; and addressed physical problems, 
finding lower Cohen Mansfield Agitation Inventory 
(CMAI) at 9 months (MD −4·3 points, 95% CI 
−7·3 to −1·2).219 The TIME study220 for people with 
moderate-to-high levels of agitation consisted of a 
manual-based comprehensive assessment of the resi-
dent and structured case conference for the staff and 
doctor, to create a tailored plan, and then implement 
it. This intervention led to reduced agitation at 8 weeks 
(NPI −1·1 points, 95% CI −0·1 to −2·1; CMAI 
−4·7 points, −0·6 to −8·8) and 12 weeks (NPI −1·6, 
−0·6 to −2·7; CMAI −5·9, −1·7 to −10·1).220 These effect 
sizes are similar to those seen for medications, but 
without harmful side-effects.2,221 A further RCT studied a 
six-session intervention with staff in groups, teaching 
staff to understand agitation as related to medical, 
psychological, or social unmet needs and to implement 
strategies to meet these needs, using the describe, 
investigate, create, and evaluate approach.222 The inter-
vention did not reduce agitation symptoms, although it 
was cost-effective, improving quality of life.223 Overall, 
the current evidence for agitation in care homes 
favours multi-component interventions by clinical staff, 
including considering if drugs might harm, and not 
drug interventions. Thus a major gap remains in 
knowledge about people living at home who comprise 
the majority of those with dementia.

Psychotic symptoms in dementia
People with dementia might be wrongly thought to have 
delusions when they misremember, and new psychotic 
symptoms are often due to delirium, thus thorough 
assessment of symptoms is essential.2 Management of 
psychosis in dementia should start with non-pharma-
cological interventions; however, evidence for effective-
ness of these interventions for psychosis in dementia is 
weaker than for agitation.224 Antipsychotics for psychosis 
in dementia should be prescribed in as low a dose and 
for the shortest duration possible.2 However, a Cochrane 
review of antipsychotics withdrawal found two trials 
with participants with dementia who had responded 
to antipsychotic treat ment. These reported that stop-
ping antipsychotics was associated with symptomatic 
relapse225 suggesting the need for caution in any 
medication withdrawal in this group. There was low-
quality evidence that, in general, discon tinuation might 
make little or no difference to overall neuropsychiatric 
symptoms, adverse events, quality of life or cognitive 
function.226

Apathy
Apathy might be conceptualised as the opposite of 
engagement, comprising reduced interest, initiative, 
and activity. Like people without dementia, those with 
dementia engage more in preferred activities, but 
require additional support to do so.227 A study in care 
homes observed engagement increased during activities 
in those who attended the groups.228 A Cochrane review 
of the few people who had been in drug RCTs of 
methylphenidate versus placebo for apathy in dementia 
found small improvements on the apathy evaluation 
scale (MD −5·0, 95% CI −9·6 to−0·4, n=145, three 
studies, low-quality evidence) but not on the NPI apathy 
subscale (MD −0·1, 95% CI −3·9 to 3·7, n=85, two 
studies).229

Sleep
There is no evidence that medication for sleep in 
dementia is effective230 and considerable evidence for 
harm—ie, earlier death, increased hospitalisation, and 
falls—exists.139,144 Test ing of non-pharmacological inter-
ventions is ongoing.231

Carers
Carer distress related to neuropsychiatric symptoms 
rather than the dementia symptoms was associated in 
one study with increased use and costs of health 
services,232 high lighting the need for effectively iden-
tifying, educating, and supporting distressed carers. An 
RCT233 reporting 6-year follow-up after the eight session 
STrAtegies for RelaTives intervention—manual-based 
coping intervention delivered by supervised psychology 
graduates—found continuing effectiveness for depres-
sive symptoms in carers (adjusted MD −2·00; 95% CI 
−3·4 to −0·6) and risk of case-level depression, with 
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patient-related cost being approximately 3 times lower 
than those who did not receive the intervention 
(median £5759 vs £16 964 in the final year; p=0·07).233 

Another US study234 followed up 663 people, mean age 
77 years, 55% women. Caregiver depression rather than 
symptoms of people with dementia predicted emergency 
department use for people with dementia, with a 73% 
(RR 1·73, 95% CI 1·3–2·3) increase.234

Functioning
A UK RCT of 14 sessions of cognitive rehabilitation 
focused on individual goal attainment with therapy 
delivered at home by an occupational therapist or nurse 
to 475 participants with mild-to-moderate dementia 
(MMSE ≥18 for inclusion; mean 24) and a family carer.235 
Individuals had two or three goals; the most common was 
engaging in activities (21% of goals). The intervention 
group reported increased goal attainment over 3 and 
9 months compared with usual treatment (effect size 0·8, 
95% CI 0·6–1·0 at both 3 and 9 months).235 The treatment 
did not improve participants’ quality of life, mood, self-
efficacy, cognition, carer stress, or health status and was 
not cost-effective. A systematic review236 of RCTs without 
meta-analysis for overall effect size, concluded that all 
interventions which had improved functioning in people 
living with dementia in the community have been 
individual rather than group interventions. These were: 
in-home physiotherapist delivered aerobic exercise (two 
studies, larger one positive, 140 people with Alzheimer’s 
disease; smaller study negative, 30 people with Alzheimer’s 
disease), individualised cogni tive rehabilitation (mild or 
moderate dementia; two studies; 257 cognitive reserve 
intervention groups and 255 controls), and in-home 
activities-focused occupa tional therapy (people with mild 
to moderate dementia, three studies, 201 intervention, 
191 controls) reduced functional decline compared to 
controls but group-exercise and reminiscence therapies 
were ineffective.236

People with dementia have other illnesses
Multimorbidity is a huge challenge in dementia, not 
only because people with dementia have increased rates 
of other illnesses, but also because they often find 
it parti cularly difficult to organise care. People with 
dementia might forget to tell their family or health 
professionals of symptoms, struggle to understand or 
follow agreed plans, and are more likely to forget to 
drink and eat, increasing falling and infection rates.237 
People with dementia consult primary care less often238 

and have fewer dental visits239 than those without 
dementia and their family members, if involved, 
often feel they lack knowledge to assist.240 Health-care 
professionals need education to be more comfortable, 
understanding, and positive in communicating with 
people with dementia.241

Around 70–80% of people diagnosed with dementia in 
primary care have at least two other chronic illnesses.242,243 

People who are physically more frail are more likely to 
have dementia, but the relationship between pathology 
and symptoms in these people is comparatively weak 
suggesting that dementia might be from other causes.22 
Compared to the general older population, people with 
dementia have increased rates of cerebro vascular dis-
ease,243–246 stroke,247 Parkinson’s disease,243,245 dia betes,245,247 
skin ulcers, anxiety and depression,243,245 pneu monia, 
incontinence, and electrolyte disturbance.245 Multimor-
bidity in people with dementia is associated with faster 
functional decline248 and worse quality of life for people 
with dementia and their family carers.249

Dementia and COVID-19
Severe acute respiratory syndrome coronavirus 2, was 
first identified in patients with viral pneumonia in Hubei 
province, China.250 Severity and mortality of the associated 
disease (COVID-19) worsen with increasing age251 and 
with pre-existing illnesses such as hypertension and 
diabetes,252 and thus many people with dementia are at 
particular risk. Death certificates from the UK indicate 
that dementia and Alzheimer’s disease were the most 
common underlying conditions, specified in 11 950 deaths 
(25·6% of all deaths involving COVID-19) in March to 
May, 2020.253 Many charities, practitioners, and academics 
supporting people with dementia have issued guidance 
based on current evidence and best practice, including 
advance consideration of whether people would wish to 
be hospitalised if they develop severe COVID-19. Concern 
has been expressed that the illness and consequent 
distancing might increase family carer stress, loneliness, 
neuropsychiatric symptoms and use of psychotropic 
medication, and lead to complications, including future 
dementia. Interventions delivered remo tely through 
technology have also been implemented in some 
places.254–257

People with dementia might struggle to adhere to 
measures to reduce virus transmission, as they might 
not understand or remember about required changes to 
behaviour, such as physical distancing and hygiene, 
leading to increased risk to themselves and their carers.258 

They might additionally be vulnerable if they depend on 
others for daily activities or personal care, as this 
necessitates close personal contact.

This situation is particularly concerning in those care 
homes, where many residents have dementia and where 
many COVID-19 deaths have occurred in many 
countries259–261 with reports of more than half of residents 
being admitted to hospital. In US nursing homes, among 
10 576 people with confirmed COVID-19, residents living 
with dementia made up 52% of COVID-19 cases; yet, 
accounted for 72% of all deaths (an increased risk 
of 1·7).262 The number of people living together in care 
homes means that the infection of an individual, either 
staff or resident, could endanger more people than in 
traditional or family households. Although evidence 
exists that if staff are sufficiently and rigorously protected 
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they are unlikely to develop COVID-19, many staff have 
become unwell and some have died.263,264 Illness means 
that there are fewer people to care for residents at a time 
when they need particularly high levels of care. This 
situation is par ticularly relevant in the care of residents 
with dementia, if they are expected to remain in their own 
rooms, rather than eating and participating in activities 
with others. Staff or residents might also be moved 
between care homes and increase risk in other homes.261 
Restrictions on visitors to private homes, care homes, and 
hospitals might cause greater distress for people with 
dementia and they might not understand why people are 
wearing masks, recognise who is behind it, or understand 
speech when lips are covered. Lack of restrictions means 
that the visitors might also be at elevated risk.261

The impacts of COVID-19 on people with dementia 
might be particularly severe in LMICs, due to smaller 
health budgets for testing and protective equipment, 
capacity of health-care systems, quality of care home 
provision and patterns of workforce mobility.264

Thus, people with dementia are particularly vulnerable 
to COVID-19 because of their age, multimorbidity, and 
difficulties in maintaining physical distancing.250–252

We recommend rigorous public health measures of 
protective equipment and hygiene, including not 
moving staff or residents between care homes or 
admitting new residents when their COVID-19 status is 
unknown, should mitigate impacts on people with 
dementia. It is also imperative that there is frequent and 
regular testing of staff in care homes for infection, 
ensuring staff have sick pay so that they do not come in 
when symptomatic and interim care is being set up for 
people discharged from hospital so that only those who 
are COVID-19 free come to live in care homes. Resident 
testing should encompass asymptomatic as well as 
symptomatic people, when there is exposure within the 
home to COVID-19. In the future, many homes might 
be able to start to provide oxygen therapy so that those 
who do not want to be admitted to hospital are still able 
to access oxygen therapy. In addition, it is also important 
to reduce isolation by providing the necessary equipment 

and a brief training to relatives on how to protect 
themselves and others from COVID-19; so that they can 
visit their relatives with dementia in nursing homes 
safely when it is allowed. Further evidence is needed 
to inform responses to this and future public health 
emergencies.

Hospital admissions
Hospitalisation in people with dementia is associated 
with adverse, unintended consequences, including 
distress, func tional and cognitive decline, and high eco-
nomic costs.265–267 People with dementia have 1·4 to 4 times 
more hospital admissions than others with similar 
illnesses.266,268–270

A systematic review and meta-analysis including 
34 studies of 277 432 people with dementia found that in 
the six studies which compared the two groups, people 
with dementia had increased hospital admissions 
compared with those without dementia, after adjusting 
for age, sex, and physical comorbidity (RR 1·4, 95% CI 
1·2–1·7; figure 9).271 Hospitalisation rates in people with 
dementia ranged from 0·37 to 1·26 per person-year in 
high-quality studies. Admissions are often for conditions 
that might be manageable in the community (potentially 
preventable hospitalisations).268 People with dementia 
experience longer and more frequent admissions and 
readmissions; health-care expenditure for people with 
moderate-severe dementia is around double that of 
people without dementia.269,272,273 Early detection and 
management of physical ill-health in people with 
dementia, particularly of pain, falls, diabetes, incon-
tinence, and sensory impair ment, is important.199,274,275 
However, no intervention has successfully reduced 
number of hos pital admissions of community-dwelling 
people with demen tia,276 although education, exercise, 
rehabilitation, and telemedicine have reduced admissions 
for older people without dementia.277

High-quality care for people with dementia takes longer 
than caring for others with the same condition.278 Recog-
nition of dementia in hospital inpatients is necessary for 
optimum care,279 but dementia is often undetected or 
unrecorded.280 In the UK however, detection rates have 
increased over the past 10 years.281

Physical illness, delirium, and dementia
Dementia and delirium frequently occur together. In one 
hospital inpatients’ survey nearly 35% of those older than 
80 years experienced delirium; those with prior cognitive 
impairment had 15 times the risk of devel oping deli-
rium than those without (OR 15·3, 95% CI 5·2–45·4).282 
People with delirium without known dementia are 
more likely to be diagnosed with dementia in the future 
than others, either because of pre-existing undiagnosed 
dementia or cognitive impairment, present in 20·7% 
(95% CI 11·9–29·5) and 37·8% (27·3–88·3) respectively 
of one cohort, or because delirium has neurotoxic effects 
and so precipitates dementia.283 People with similar 

Figure 9: Systematic review and meta-analysis of hospitalisation rates of people with dementia compared to 

those without dementia controlled for age and sex

Reproduced from Shepherd et al,271 by permission of Springer Nature.
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people diagnosed with Alzheimer’s disease had mixed 
causes of dementia.299 Although Alzheimer’s disease 
neuropathology was the commonest cause of dementia, 
Alzheimer’s disease changes rarely occurred on their own, 
so only 9% of people with dementia had pure Alzheimer’s 
disease pathology.300 People who have Alzheimer’s disease 
patho logy without developing dementia tend to have 
fewer age-related health deficits than those who develop it 
with even low concentrations of plaques and tangles.301 A 
moderation analysis showed that the relationship between 
Alzheimer’s disease pathology and dementia status 
differed according to level of frailty (adjusted for age, sex, 
and education) with increasing frailty weakening the 
relationship between Alzheimer’s disease pathology and 
dementia (figure 10).22 As with delirium, some of this 
additional health risk might be modifiable. This approach 
suggests a new type of therapy focus on specific age-
related processes that underpin many diseases of late life 
might reduce the incidence or severity of dementia.

End-of-life care in dementia
The numbers of people dying with dementia are increasing 
but the evidence for the best end-of-life care is scarce. 
Trends in age-standardised death rates (3·6%) for dementia 
increased slightly between 1990–2016, with pronounced 
increases in the USA and Japan and decreases in western 
Europe and central Latin America.4 Dementia is more 
readily being included on death certificates, which 
accounts for some of the rise. The increase might be 
related to dementia manifesting at later ages, with higher 
physical frailty22 leading to a faster decline.

Most people with dementia might die while still in the 
mild-to-moderate stages whereas only about a quarter of 
those dying with dementia have severe dementia.302,303 
The trajectory of dementia is often unpredictable304 
and palliative care initiation should reflect need not 
prognosis.

neuropatho logy show faster cognitive decline if they 
develop delirium than if they do not.284 Additionally, older 
people without dementia declined cognitively more than 
twice as fast after an emergency hospital admission for 
any cause, compared with those not admitted, suggesting 
any severe illness is associated with cognitive decline.285 
Risk factors for delirium in dementia include sensory 
impairment, pain, poly pharmacy, dehydration, intercur-
rent illnesses, such as urinary tract infections or faecal 
impaction, and an unfamiliar or changing environment.286 
Delirium in older people should prompt consideration of 
underlying dementia.

Most research on delirium prevention has been in 
people without dementia. It suggests targeting hydration, 
stopping medication predisposing to delirium, moni-
toring the depth of anaesthesia, and sleep promotion. 
However, no evidence for medication efficacy, including 
cholinesterase inhibitors, antipsychotic medication, or 
melatonin exists.287–289 The Hospital Elder Life Program290—
an intervention to prevent delirium in those admitted to 
hospital—reduces delirium incidence and includes people 
who are cognitively impaired. This multidisciplinary 
treatment consists of daily visits, orientation, therapeutic 
activities, sleep enhancement, early mobilisation, vision 
and hearing adaptation, fluid repletion, infection pre-
vention and management of constipation, pain, and 
hypoxia, and feeding assistance.290

A network meta-analysis of drugs for prevention and 
treatment of delirium did not include studies of people 
with dementia, thus we cannot use this to recommend 
drugs for people with dementia and delirium as this 
research might be inapplicable to them.291

Little high-quality research exists on managing delirium 
in dementia. One RCT compared care at a specialist 
medical and mental health unit to usual care for 
600 confused people older than 65 years, acutely admitted 
to hospital and found no difference in the primary 
outcome of days spent at home or in hos pital, but 
increased family satisfaction.292 A further RCT of 
cognitively stimulating activities for people with delirium 
in dementia did not improve the delirium.293 No definitive 
evidence that any medication improves delirium in 
people with dementia exists: cholinesterase inhibitors, 
antipsychotics, and sedating benzodiazepines are inef -
fective and antipsychotics and benzodiazepines are 
associated with mortality and morbidity.265,288,294–297 Given 
the risk of dementia in people who develop delirium, its 
prevention, and possibly advances in its management, 
might offer a means for dementia prevention.298

Link between very old age, frailty, and dementia
The fastest growing demographic group in most advanced 
countries are people aged 90 years and older. One well 
characterised post-mortem cohort of the oldest old 
(n=1079; mean age 90 years) dying with dementia, found 
that neuropathological features of Alzheimer’s disease 
account for about half of the cognitive decline seen as 

Figure 10: Moderation analyses of the relationship between Alzheimer’s 

disease pathology and clinical diagnosis of Alzheimer’s dementia (adjusted 

for age, sex, and education)

As frailty increased, the odds of a neuropathological diagnosis of Alzheimer 

disease corresponding to a clinical diagnosis decreased. Reproduced from 

Wallece et al,22 by permission of Elsevier.
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Decision making about end of life is complex and 
simple rules of thumb, co-designed with staff and carers, 
provided clarity in some small studies.304 One RCT testing 
decision-aids about families’ and doctors’ goals of care 
for people with advanced dementia led to increased 
palliative care content in care plans.305,306 In a 9-month UK 
prospective study, 85 care home residents with advanced 
dementia from 14 homes were likely to be living with 
distressing symptoms, specifically agitation (54%) or 
pain (61% on movement).304

Capacity to make abstract decisions, including about 
the future, might be lost early in dementia.307 Therefore, 
advance care planning, designed to empower people 
with dementia and improve quality of dying, might 
theoretically be something everyone should do before 
developing dementia.308 However, people might not be 
able to predict their future wishes. This might explain 
why family carer proxies show only low-to-moderate 
agreement with stated end-of-life treatment preferences 
of people with dementia.309 Advance care planning might, 
however, reduce carers’ uncertainty in decision making 
and improve perceptions of quality of care.310

Partners of people dying with dementia experience 
poorer mental health than those facing bereavement 
from other causes311 possibly because of long and difficult 
caring responsibilities. This might be ameliorated 
through sensitive and timely information, particularly 
regarding the progression of dementia,312 individually or 
through family and staff case-conferencing.313,314

Conclusions
Knowledge about risk factors and potential prevention, 
detection, and diagnosis of dementia is improving 
although significant gaps remain.315 In this Commission 
report, we have specified policy and individual changes 
to delay the onset of cognitive impairment and dementia 
and better ways to support and treat people with 
dementia and their families and to improve their quality 
of life.

Interventions, including organisation of the complex 
physical illness and social needs, to support people 
affected by dementia can have a huge effect when taken 
as a whole. Our ambition is for worldwide provision of 
resources for an adequate level of wellbeing to people 
with dementia and their carers with a better evidence 
base to guide individual care and policy making alike. 
With good quality care, people can live well with dementia 
and families can feel supported.

Contributors

GL, JH, AS, and NM contributed to literature searches and quality 
assessments for systematic reviews. JH and NM performed meta-analyses. 
GL, JH, AS, and NM conceived the new PAF calculation and NM led the 
statistical analysis. GL, JH, AS, NM, DA, CLB, SB, AB, JC-M, CC, SGC, 
NF, RH, HCK, EBL, VO, KRi, KRo, ELS, QS, LSS, and GS attended the 
conference to discuss the content. GL, JH, EBL, AS, DA, and ELS wrote 
first drafts of sections of the paper. GL wrote the first draft of the whole 
paper and revisions of drafts. CBa reviewed and contributed to revision of 
the final drafts. All authors contributed to sections of the reports and all 
revised the paper for important intellectual content.

Declaration of interests

AS reports grants from Wellcome Trust (200163/Z/15/Z), outside the 
submitted work. DA reports grants from Eli Lilly, during the conduct of 
the study. CBa reports grants and personal fees from Aca-dia and 
Lundbeck; and personal fees from Roche, Otsuka, Biogen, Eli Lilly, 
and Pfizer, outside the sub-mitted work. SB reports grants and personal 
fees from AbbVie, personal fees and non-financial sup-port from 
Eli Lilly, and personal fees from Eleusis, Daval International, 
Boehringer Ingelheim, Axovant Sciences, Lundbeck, and Nutricia, 
outside the submitted work; and he has been employed by the 
Department of Health for England. NF reports non-financial support 
from Eli Lilly, outside the submitted work. LNG and her institutions 
(Johns Hopkins University, Baltimore, MD, USA, Drexel University, 
Philadelphia, PA, USA, and Thomas Jefferson University, Philadelphia, 
PA, USA) are entitled to receive royalties from fees associated with 
online training for the tailored activity program, which is an evidence-
based program referenced in the Review. RH reports grants from 
Department of Health, NIHR HTA Programme, outside the submitted 
work; and he is a Scientific Trustee of the charity Alzheimer’s Research 
UK. MK reports grants from the UK Medical Research Council 
(S011676, R024227), NordForsk (the Nordic Programme on Health and 
Welfare, 75021) and the Academy of Finland (311492), outside the 
submitted work. EBL reports other (royalties) from UpToDate, outside 
the submitted work. KRo reports personal fees from Clinical Cardio 
Day-Cape Breton University, Sydney, NS, Canada, CRUIGM-Montreal, 
Jackson Laboratory, Bar Harbor, MA, USA (speaker fees), MouseAge, 
Rome, Italy (speaker fees), Lundbeck, Frontemporal Dementia Study-
Group, SunLife Insurance, Japan, outside the submitted work. He is a 
President and Chief Science Officer of DGI Clinical, which in the last 
5 years has contracts with pharma and device manufacturers (Baxter, 
Baxalta, Shire, Hollister, Nutricia, Roche, Otsuka) on individualised 
outcome measurement. In 2017, he attended an advisory board meeting 
with Lundbeck. He is also Associate Director of the Canadian 
Consortium on Neurodegeneration in Aging, which is funded by the 
Canadian Institutes of Health Research, and with additional funding 
from the Alzheimer Society of Canada and several other charities, 
as well as, in its first phase (2013-2018), from Pfizer Canada and Sanofi 
Canada. He receives career support from the Dalhousie Medical 
Research Founda-tion as the Kathryn Allen Weldon Professor of 
Alzheimer Research, and research support from the Canadian 
Institutes of Health Research, the QEII Health Science Centre 
Foundation, the Capital Health Research Fund and the Fountain Family 
Innovation Fund of the QEII Health Science Centre Foundation. 
LSS reports grants and personal fees from Eli Lilly, Merck, and Roche/
Genentech; personal fees from Avraham, Boehringer Ingelheim, 
Neurim, Neuronix, Cognition, Eisai, Takeda, vTv, and Abbott; and 
grants from Biogen, Novartis, Biohaven, and Washington University 
DIAN-TU, outside the submitted work. The remaining authors declare 
no conflict of interests.

Acknowledgments

We are partnered by University College London (UCL), the Alzheimer’s 
Society, UK, the Economic and Social Research Council, and Alzheimer’s 
Research UK, and would like to thank them for financial help. 
These organisations funded the fares, accommodation, and food for the 
Commission meeting but had no role in the writing of the manuscript or 
the decision to submit it for publication. We would like to thank 
Bernadette Courtney, Jacques Gianino, and Nuj Monowari, from UCL, 
London, UK, for their administrative help, including managing finances, 
booking rooms and food, and setting up a website supported by the 
University College London Hospitals National Institute for Health 
Research Biomedical Research Centre. We would like thank 
Henrik Zetterberg for advice on biomarkers and dementia.

References
1 Patterson C. World Alzheimer report 2018. London: Alzheimer’s 

Disease International, 2018.
2 Livingston G, Sommerlad A, Orgeta V, et al. Dementia prevention, 

intervention, and care. Lancet 2017; 390: 2673–734.
3 Nelson PT, Dickson DW, Trojanowski JQ, et al. Limbic-predominant 

age-related TDP-43 encephalopathy (LATE): consensus working 
group report. Brain 2019; 142: 1503–27.



The Lancet Commissions

www.thelancet.com   Vol 396   August 8, 2020 439

4 Collaborators GBDD. Global, regional, and national burden of 
Alzheimer’s disease and other dementias, 1990–2016: a systematic 
analysis for the Global Burden of Disease Study 2016. Lancet Neurol 
2019; 18: 88–106.

5 Wu Y-T, Beiser AS, Breteler MMB, et al. The changing prevalence 
and incidence of dementia over time - current evidence. 
Nat Rev Neurol 2017; 13: 327–39.

6 Kingston A, Comas-Herrera A, Jagger C. Forecasting the care 
needs of the older population in England over the next 20 years: 
estimates from the Population Ageing and Care Simulation 
(PACSim) modelling study. Lancet Public Health 2018; 3: e447–55.

7 Gao S, Burney HN, Callahan CM, Purnell CE, Hendrie HC. 
Incidence of dementia and alzheimer disease over time: a meta-
analysis. J Am Geriatr Soc 2019; 67: 1361–69.

8 Friedrich MJ. Global obesity epidemic worsening. JAMA 2017; 
318: 603.

9 Singh-Manoux A, Dugravot A, Shipley M, et al. Obesity trajectories 
and risk of dementia: 28 years of follow-up in the Whitehall II 
study. Alzheimers Dement 2018; 14: 178–86.

10 Ahmadi-Abhari S, Guzman-Castillo M, Bandosz P, et al. 
Temporal trend in dementia incidence since 2002 and projections for 
prevalence in England and Wales to 2040: modelling study. BMJ 
2017; 358: j2856.

11 Kivimäki M, Luukkonen R, Batty GD, et al. Body mass index and 
risk of dementia: analysis of individual-level data from 1·3 million 
individuals. Alzheimers Dement 2018; 14: 601–09.

12 McGrath ER, Beiser AS, DeCarli C, et al. Blood pressure from 
mid- to late life and risk of incident dementia. Neurology 2017; 
89: 2447–54.

13 Abell JG, Kivimäki M, Dugravot A, et al. Association between 
systolic blood pressure and dementia in the Whitehall II cohort 
study: role of age, duration, and threshold used to define 
hypertension. Eur Heart J 2018; 39: 3119–25.

14 Delgado J, Bowman K, Ble A, et al. Blood pressure trajectories in 
the 20 years before death. JAMA Intern Med 2018; 178: 93–99.

15 Stern Y, Arenaza-Urquijo EM, Bartrés-Faz D, et al. Whitepaper: 
defining and investigating cognitive reserve, brain reserve, 
and brain maintenance. Alzheimers Dement 2020; published online 
Jan 6. https://doi.org/10.1016/j.jalz.2018.07.219.

16 Perneczky R, Kempermann G, Korczyn AD, et al. Translational 
research on reserve against neurodegenerative disease: consensus 
report of the International Conference on Cognitive Reserve in the 
Dementias and the Alzheimer’s Association Reserve, Resilience and 
Protective Factors Professional Interest Area working groups. 
BMC Med 2019; 17: 47.

17 Cholerton B, Larson EB, Baker LD, et al. Neuropathologic correlates 
of cognition in a population-based sample. J Alzheimers Dis 2013; 
36: 699–709.

18 Latimer CS, Keene CD, Flanagan ME, et al. Resistance to Alzheimer 
disease neuropathologic changes and apparent cognitive resilience in 
the Nun and Honolulu-Asia Aging Studies. J Neuropathol Exp Neurol 
2017; 76: 458–66.

19 Arenaza-Urquijo EM, Przybelski SA, Lesnick TL, et al. The metabolic 
brain signature of cognitive resilience in the 80+: beyond Alzheimer 
pathologies. Brain 2019; 142: 1134–47.

20 Franzmeier N, Düzel E, Jessen F, et al. Left frontal hub connectivity 
delays cognitive impairment in autosomal-dominant and sporadic 
Alzheimer’s disease. Brain 2018; 141: 1186–200.

21 Neitzel J, Franzmeier N, Rubinski A, Ewers M. Left frontal 
connectivity attenuates the adverse effect of entorhinal tau 
pathology on memory. Neurology 2019; 93: e347–57.

22 Wallace LMK, Theou O, Godin J, Andrew MK, Bennett DA, 
Rockwood K. Investigation of frailty as a moderator of the 
relationship between neuropathology and dementia in Alzheimer’s 
disease: a cross-sectional analysis of data from the Rush Memory 
and Aging Project. Lancet Neurol 2019; 18: 177–84.

23 van der Lee SJ, Teunissen CE, Pool R, et al. Circulating metabolites 
and general cognitive ability and dementia: evidence from 11 cohort 
studies. Alzheimers Dement 2018; 14: 707–22.

24 Peters R, Ee N, Peters J, Booth A, Mudway I, Anstey KJ. Air pollution 
and dementia: a systematic review. J Alzheimers Dis 2019; 70: S145–63.

25 Chieffi S, Messina G, Villano I, et al. exercise influence on 
hippocampal function: possible involvement of orexin-A. 
Front Physiol 2017; 8: 85.

26 Parbo P, Ismail R, Hansen KV, et al. Brain inflammation 
accompanies amyloid in the majority of mild cognitive impairment 
cases due to Alzheimer’s disease. Brain 2017; 140: 2002–11.

27 Anstey KJ, Ee N, Eramudugolla R, Jagger C, Peters R. A systematic 
review of meta-analyses that evaluate risk factors for dementia to 
evaluate the quantity, quality, and global representativeness of 
evidence. J Alzheimers Dis 2019; 70: S165–86.

28 Prince M, Ferri CP, Acosta D, et al. The protocols for the 10/66 
dementia research group population-based research programme. 
BMC Public Health 2007; 7: 165.

29 Mukadam N, Sommerlad A, Huntley J, Livingston G. Population 
attributable fractions for risk factors for dementia in low-income 
and middle-income countries: an analysis using cross-sectional 
survey data. Lancet Glob Health 2019; 7: e596–603.

30 Wu YT, Ali GC, Guerchet M, et al. Prevalence of dementia in 
mainland China, Hong Kong and Taiwan: an updated systematic 
review and meta-analysis. Int J Epidemiol 2018; 47: 709–19.

31 Hoffman SJ, Mammone J, Rogers Van Katwyk S, et al. Cigarette 
consumption estimates for 71 countries from 1970 to 2015: 
systematic collection of comparable data to facilitate quasi-
experimental evaluations of national and global tobacco control 
interventions. BMJ 2019; 365: l2231.

32 Jia L, Quan M, Fu Y, et al. Dementia in China: epidemiology, clinical 
management, and research advances. Lancet Neurol 2019; 19: 81–92.

33 Sabia S, Dugravot A, Dartigues JF, et al. Physical activity, cognitive 
decline, and risk of dementia: 28 year follow-up of Whitehall II 
cohort study. BMJ 2017; 357: j2709.

34 Singh-Manoux A, Dugravot A, Fournier A, et al. Trajectories of 
depressive symptoms before diagnosis of dementia: a 28-year 
follow-up study. JAMA Psychiatry 2017; 74: 712–18.

35 Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for 
primary prevention of Alzheimer’s disease: an analysis of 
population-based data. Lancet Neurol 2014; 13: 788–94.

36 Satizabal CL, Beiser AS, Chouraki V, Chêne G, Dufouil C, 
Seshadri S. Incidence of dementia over three decades in the 
Framingham heart study. N Engl J Med 2016; 374: 523–32.

37 Larsson SC, Traylor M, Malik R, Dichgans M, Burgess S, 
Markus HS. Modifiable pathways in Alzheimer’s disease: 
Mendelian randomisation analysis. BMJ 2017; 359: j5375.

38 Kremen WS, Beck A, Elman JA, et al. Influence of young adult 
cognitive ability and additional education on later-life cognition. 
Proc Natl Acad Sci USA 2019; 116: 2021–26.

39 Blacker D, Weuve J. Brain exercise and brain outcomes: 
does cognitive activity really work to maintain your brain? 
JAMA Psychiatry 2018; 75: 703–04.

40 Lee ATC, Richards M, Chan WC, Chiu HFK, Lee RSY, Lam LCW. 
Association of daily intellectual activities with lower risk of incident 
dementia among older Chinese adults. JAMA Psychiatry 2018; 
75: 697–703.

41 Chan D, Shafto M, Kievit R, et al. Lifestyle activities in mid-life 
contribute to cognitive reserve in late-life, independent of 
education, occupation, and late-life activities. Neurobiol Aging 2018; 
70: 180–83.

42 Staff RT, Hogan MJ, Williams DS, Whalley LJ. Intellectual 
engagement and cognitive ability in later life (the “use it or lose 
it” conjecture): longitudinal, prospective study. BMJ 2018; 
363: k4925.

43 Kajitani S, Sakata K, McKenzie C. Occupation, retirement and 
cognitive functioning. Ageing Soc 2017; 37: 1568–96.

44 Xue B, Cadar D, Fleischmann M, et al. Effect of retirement on 
cognitive function: the Whitehall II cohort study. Eur J Epidemiol 
2018; 33: 989–1001.

45 Meng A, Nexø MA, Borg V. The impact of retirement on age 
related cognitive decline - a systematic review. BMC Geriatr 2017; 
17: 160.

46 Grotz C, Meillon C, Amieva H, et al. Why is later age at retirement 
beneficial for cognition? Results from a French population-based 
study. J Nutr Health Aging 2016; 20: 514–19.

47 Denier N, Clouston SAP, Richards M, Hofer SM. Retirement and 
cognition: a life course view. Adv Life Course Res 2017; 31: 11–21.

48 Clouston SA, Denier N. Mental retirement and health selection: 
analyses from the US health and retirement study. Soc Sci Med 2017; 
178: 78–86.



The Lancet Commissions

440 www.thelancet.com   Vol 396   August 8, 2020

49 Rohwedder S, Willis RJ. Mental retirement. J Econ Perspect 2010; 
24: 119–38.

50 Gates NJ, Sachdev PS, Fiatarone Singh MA, Valenzuela M. 
Cognitive and memory training in adults at risk of dementia: 
a systematic review. BMC Geriatr 2011; 11: 55.

51 Gavelin HLA, Hallock H, Sabates J, Bahar-Fuchs A. Cognition-
oriented treatments for older adults: a systematic overview of 
systematic reviews. Neuropsychol Rev 2020; 30: 167–93.

52 Kane RLBM, Fink HA, Brasure M, et al. Interventions to prevent 
age-related cognitive decline, mild cognitive impairment, and clinical 
Alzheimer’s-type dementia. Rockville, MD: Agency for Healthcare 
Research and Quality, 2017.

53 Butler M, McCreedy E, Nelson VA, et al. Does cognitive training 
prevent cognitive decline? A systematic review. Ann Intern Med 
2018; 168: 63–68.

54 Gates NJ, Rutjes AW, Di Nisio M, et al. Computerised cognitive 
training for maintaining cognitive function in cognitively healthy 
people in midlife. Cochrane Database Syst Rev 2019; 3: CD012278.

55 Hill NT, Mowszowski L, Naismith SL, Chadwick VL, Valenzuela M, 
Lampit A. Computerized cognitive training in older adults with 
mild cognitive impairment or dementia: a systematic review and 
meta-analysis. Am J Psychiatry 2017; 174: 329–40.

56 Chandler MJ, Parks AC, Marsiske M, Rotblatt LJ, Smith GE. 
Everyday impact of cognitive interventions in mild cognitive 
impairment: a systematic review and meta-analysis. 
Neuropsychol Rev 2016; 26: 225–51.

57 Rovner BW, Casten RJ, Hegel MT, Leiby B. Preventing cognitive 
decline in Black individuals with mild cognitive impairment: 
a randomized clinical trial. JAMA Neurol 2018; 75: 1487–93.

58 Loughrey DG, Kelly ME, Kelley GA, Brennan S, Lawlor BA. 
Association of age-related hearing loss with cognitive function, 
cognitive impairment, and dementia: a systematic review and 
meta-analysis. JAMA Otolaryngol Head Neck Surg 2018; 
144: 115–26.

59 Golub JS, Brickman AM, Ciarleglio AJ, Schupf N, Luchsinger JA. 
Association of subclinical hearing loss with cognitive performance. 
JAMA Otolaryngol Head Neck Surg 2019; 146: 57–67.

60 Armstrong NM, An Y, Doshi J, et al. Association of midlife hearing 
impairment with late-life temporal lobe volume loss. 
JAMA Otolaryngol Head Neck Surg 2019; 145: 794.

61 Amieva H, Ouvrard C, Meillon C, Rullier L, Dartigues JF. 
Death, depression, disability, and dementia associated with 
self-reported hearing problems: a 25-year study. 
J Gerontol A Biol Sci Med Sci 2018; 73: 1383–89.

62 Ray J, Popli G, Fell G. Association of cognition and age-related 
hearing impairment in the English longitudinal study of ageing. 
JAMA Otolaryngol Head Neck Surg 2018; 144: 876–82.

63 Maharani A, Dawes P, Nazroo J, Tampubolon G, Pendleton N. 
Longitudinal relationship between hearing aid use and cognitive 
function in older Americans. J Am Geriatr Soc 2018; 66: 1130–36.

64 Zanier ER, Bertani I, Sammali E, et al. Induction of a transmissible 
tau pathology by traumatic brain injury. Brain 2018; 141: 2685–99.

65 Cao J, Gaamouch FE, Meabon JS, et al. ApoE4-associated 
phospholipid dysregulation contributes to development of tau 
hyper-phosphorylation after traumatic brain injury. Sci Rep 2017; 
7: 11372.

66 Bruns J Jr, Hauser WA. The epidemiology of traumatic brain injury: 
a review. Epilepsia 2003; 44: 2–10.

67 Fann JR, Ribe AR, Pedersen HS, et al. Long-term risk of dementia 
among people with traumatic brain injury in Denmark: 
a population-based observational cohort study. Lancet Psychiatry 
2018; 5: 424–31.

68 Nordström A, Nordström P. Traumatic brain injury and the risk of 
dementia diagnosis: a nationwide cohort study. PLoS Med 2018; 
15: e1002496.

69 Tolppanen AM, Taipale H, Hartikainen S. Head or brain injuries 
and Alzheimer’s disease: a nested case-control register study. 
Alzheimers Dement 2017; 13: 1371–79.

70 Barnes DE, Byers AL, Gardner RC, Seal KH, Boscardin WJ, Yaffe K. 
Association of mild traumatic brain injury with and without loss of 
consciousness with dementia in US military veterans. JAMA Neurol 
2018; 75: 1055–61.

71 Yaffe K, Lwi SJ, Hoang TD, et al. Military-related risk factors in 
female veterans and risk of dementia. Neurology 2019; 92: e205–11.

72 Redelmeier DA, Manzoor F, Thiruchelvam D. Association between 
statin use and risk of dementia after a concussion. JAMA Neurol 
2019; 76: 887.

73 Smith DH, Johnson VE, Trojanowski JQ, Stewart W. Chronic 
traumatic encephalopathy - confusion and controversies. 
Nat Rev Neurol 2019; 15: 179–83.

74 Mackay DF, Russell ER, Stewart K, MacLean JA, Pell JP, Stewart W. 
Neurodegenerative disease mortality among former professional 
soccer players. N Engl J Med 2019; 381: 1801–08.

75 Pase MP, Beiser A, Enserro D, et al. Association of ideal 
cardiovascular health with vascular brain injury and incident 
dementia. Stroke 2016; 47: 1201–06.

76 Lane CA, Barnes J, Nicholas JM, et al. Associations between blood 
pressure across adulthood and late-life brain structure and 
pathology in the neuroscience substudy of the 1946 British birth 
cohort (Insight 46): an epidemiological study. Lancet Neurol 2019; 
18: 942–52.

77 Walker KA, Sharrett AR, Wu A, et al. Association of midlife to late-
life blood pressure patterns with incident dementia. JAMA 2019; 
322: 535–45.

78 Williamson JD, Supiano MA, Applegate WB, et al. Intensive vs 
standard blood pressure control and cardiovascular disease 
outcomes in adults aged ≥75 years: a randomized clinical trial. 
JAMA 2016; 315: 2673–82.

79 Williamson JD, Pajewski NM, Auchus AP, et al. Effect of intensive 
vs standard blood pressure control on probable dementia: 
a randomized clinical trial. JAMA 2019; 321: 553–61.

80 Yaffe K. Prevention of cognitive impairment with intensive systolic 
blood pressure control. JAMA 2019; 321: 548–49.

81 Peters R, Warwick J, Anstey KJ, Anderson CS. Blood pressure and 
dementia: what the SPRINT-MIND trial adds and what we still need 
to know. Neurology 2019; 92: 1017–18.

82 Tully PJ, Hanon O, Cosh S, Tzourio C. Diuretic antihypertensive 
drugs and incident dementia risk: a systematic review, meta-analysis 
and meta-regression of prospective studies. J Hypertens 2016; 
34: 1027–35.

83 Ding J, Davis-Plourde KL, Sedaghat S, et al. Antihypertensive 
medications and risk for incident dementia and Alzheimer’s 
disease: a meta-analysis of individual participant data from 
prospective cohort studies. Lancet Neurol 2020; 19: 61–70.

84 Hussain S, Singh A, Rahman SO, Habib A, Najmi AK. Calcium 
channel blocker use reduces incident dementia risk in elderly 
hypertensive patients: a meta-analysis of prospective studies. 
Neurosci Lett 2018; 671: 120–27.

85 Peters R, Yasar S, Anderson CS, et al. An investigation of 
antihypertensive class, dementia, and cognitive decline: a meta-
analysis. Neurology 2019; 94: e267–81.

86 McGuinness B, Craig D, Bullock R, Passmore P. Statins for the 
prevention of dementia. Cochrane Database Syst Rev 2016; 
1: CD003160.

87 McNeil JJ, Woods RL, Nelson MR, et al. Effect of aspirin on 
disability-free survival in the healthy elderly. N Engl J Med 2018; 
379: 1499–508.

88 Hersi M, Irvine B, Gupta P, Gomes J, Birkett N, Krewski D. 
Risk factors associated with the onset and progression of 
Alzheimer’s disease: a systematic review of the evidence. 
Neurotoxicology 2017; 61: 143–87.

89 Zotcheva E, Bergh S, Selbæk G, et al. Midlife physical activity, 
psychological distress, and dementia risk: the HUNT study. 
J Alzheimers Dis 2018; 66: 825–33.

90 Hörder H, Johansson L, Guo X, et al. Midlife cardiovascular fitness 
and dementia: a 44-year longitudinal population study in women. 
Neurology 2018; 90: e1298–305.

91 Kivimäki M, Singh-Manoux A, Pentti J, et al. Physical inactivity, 
cardiometabolic disease, and risk of dementia: an individual-
participant meta-analysis. BMJ 2019; 365: l1495.

92 Saint-Maurice PF, Coughlan D, Kelly SP, et al. Association of 
leisure-time physical activity across the adult life course with 
all-cause and cause-specific mortality. JAMA Netw Open 2019; 
2: e190355.

93 Northey JM, Cherbuin N, Pumpa KL, Smee DJ, Rattray B. 
Exercise interventions for cognitive function in adults older than 50: 
a systematic review with meta-analysis. Br J Sports Med 2018; 
52: 154–60.



The Lancet Commissions

www.thelancet.com   Vol 396   August 8, 2020 441

94 Song D, Yu DSF, Li PWC, Lei Y. The effectiveness of physical 
exercise on cognitive and psychological outcomes in individuals 
with mild cognitive impairment: a systematic review and meta-
analysis. Int J Nurs Stud 2018; 79: 155–64.

95 de Souto Barreto P, Demougeot L, Vellas B, Rolland Y. Exercise 
training for preventing dementia, mild cognitive impairment, 
and clinically meaningful cognitive decline: a systematic review 
and meta-analysis. J Gerontol A Biol Sci Med Sci 2018; 73: 1504–11.

96 Barha CK, Davis JC, Falck RS, Nagamatsu LS, Liu-Ambrose T. 
Sex differences in exercise efficacy to improve cognition: a systematic 
review and meta-analysis of randomized controlled trials in older 
humans. Front Neuroendocrinol 2017; 46: 71–85.

97 WHO. Risk reduction of cognitive decline and dementia: 
WHO guidelines. Geneva: World Health Organization, 2019.

98 Chatterjee S, Peters SA, Woodward M, et al. Type 2 diabetes as a 
risk factor for dementia in women compared with men: a pooled 
analysis of 2·3 million people comprising more than 100,000 cases 
of dementia. Diabetes Care 2016; 39: 300–07.

99 McMillan JM, Mele BS, Hogan DB, Leung AA. Impact of 
pharmacological treatment of diabetes mellitus on dementia risk: 
systematic review and meta-analysis. BMJ Open Diabetes Res Care 
2018; 6: e000563.

100 Sabia S, Fayosse A, Dumurgier J, et al. Association of ideal 
cardiovascular health at age 50 with incidence of dementia: 25 year 
follow-up of Whitehall II cohort study. BMJ 2019; 366: l4414.

101 Areosa Sastre A, Vernooij RW, González-Colaço Harmand M, 
Martínez G. Effect of the treatment of type 2 diabetes mellitus on 
the development of cognitive impairment and dementia. 
Cochrane Database Syst Rev 2017; 6: CD003804.

102 Rehm J, Hasan OSM, Black SE, Shield KD, Schwarzinger M. 
Alcohol use and dementia: a systematic scoping review. 
Alzheimers Res Ther 2019; 11: 1.

103 Schwarzinger M, Pollock BG, Hasan OSM, et al. Contribution of 
alcohol use disorders to the burden of dementia in France 2008–13: 
a nationwide retrospective cohort study. Lancet Public Health 2018; 
3: e124–32.

104 Ilomaki J, Jokanovic N, Tan ECK, Lonnroos E. Alcohol consumption, 
dementia, and cognitive decline: an overview of systematic reviews. 
Curr Clin Pharmacol 2015; 10: 204–12.

105 Koch M, Fitzpatrick AL, Rapp SR, et al. Alcohol Consumption and risk 
of dementia and cognitive decline among older adults with or without 
mild cognitive impairment. JAMA Netw Open 2019; 2: e1910319.

106 Piumatti G, Moore SC, Berridge DM, Sarkar C, Gallacher J. 
The relationship between alcohol use and long-term cognitive 
decline in middle and late life: a longitudinal analysis using UK 
Biobank. J Public Health (Oxf) 2018; 40: 304–11.

107 Sabia S, Fayosse A, Dumurgier J, et al. Alcohol consumption and 
risk of dementia: 23 year follow-up of Whitehall II cohort study. 
BMJ 2018; 362: k2927.

108 Topiwala A, Allan CL, Valkanova V, et al. Moderate alcohol 
consumption as risk factor for adverse brain outcomes and 
cognitive decline: longitudinal cohort study. BMJ 2017; 357: j2353.

109 Albanese E, Launer LJ, Egger M, et al. Body mass index in midlife 
and dementia: systematic review and meta-regression analysis of 
589,649 men and women followed in longitudinal studies. 
Alzheimers Dement (Amst) 2017; 8: 165–78.

110 Veronese N, Facchini S, Stubbs B, et al. Weight loss is associated 
with improvements in cognitive function among overweight and 
obese people: a systematic review and meta-analysis. 
Neurosci Biobehav Rev 2017; 72: 87–94.

111 Chang CC, Zhao Y, Lee CW, Ganguli M. Smoking, death, and 
Alzheimer disease: a case of competing risks. 
Alzheimer Dis Assoc Disord 2012; 26: 300–06.

112 Debanne SM, Bielefeld RA, Cheruvu VK, Fritsch T, Rowland DY. 
Alzheimer’s disease and smoking: bias in cohort studies. 
J Alzheimers Dis 2007; 11: 313–21.

113 Choi D, Choi S, Park SM. Effect of smoking cessation on the risk of 
dementia: a longitudinal study. Ann Clin Transl Neurol 2018; 5: 1192–99. 

114 Oberg M, Jaakkola MS, Woodward A, Peruga A, Prüss-Ustün A. 
Worldwide burden of disease from exposure to second-hand smoke: 
a retrospective analysis of data from 192 countries. Lancet 2011; 
377: 139–46.

115 Pan X, Luo Y, Roberts AR. Secondhand Smoke and Women’s 
Cognitive Function in China. Am J Epidemiol 2018; 187: 911–18.

116 Prince MJA, Albanese E, Guerchet M, Prina M. The World 
Alzheimer Report 2014. Dementia and risk reduction. An analysis 
of protective and modifiable factors. London: Alzheimer’s Disease 
International, 2014.

117 Almeida OP, Hankey GJ, Yeap BB, Golledge J, Flicker L. 
Depression as a modifiable factor to decrease the risk of dementia. 
Transl Psychiatry 2017; 7: e1117.

118 Kelly ME, Duff H, Kelly S, et al. The impact of social activities, 
social networks, social support and social relationships on the 
cognitive functioning of healthy older adults: a systematic review. 
Syst Rev 2017; 6: 259.

119 Bartels C, Wagner M, Wolfsgruber S, Ehrenreich H, Schneider A. 
Alzheimer’s disease neuroimaging I. Impact of SSRI therapy on 
risk of conversion rrom mild cognitive impairment to Alzheimer’s 
dementia in individuals with previous depression. Am J Psychiatry 
2018; 175: 232–41.

120 Sommerlad A, Ruegger J, Singh-Manoux A, Lewis G, Livingston G. 
Marriage and risk of dementia: systematic review and meta-analysis 
of observational studies. J Neurol Neurosurg Psychiatry 2018; 
89: 231–38. 

121 Evans IEM, Martyr A, Collins R, Brayne C, Clare L. Social isolation 
and cognitive function in later life: a systematic review and meta-
analysis. J Alzheimers Dis 2019; 70: S119–44.

122 Penninkilampi R, Casey AN, Singh MF, Brodaty H. The association 
between social engagement, loneliness, and risk of dementia: 
a systematic review and meta-analysis. J Alzheimers Dis 2018; 
66: 1619–33.

123 Sommerlad A, Sabia S, Singh-Manoux A, Lewis G, Livingston G. 
Association of social contact with dementia and cognition: 
28-year follow-up of the Whitehall II cohort study. PLoS Med 2019; 
16: e1002862.

124 Saito T, Murata C, Saito M, Takeda T, Kondo K. Influence of social 
relationship domains and their combinations on incident dementia: 
a prospective cohort study. J Epidemiol Community Health 2018; 
72: 7–12.

125 Power MC, Adar SD, Yanosky JD, Weuve J. Exposure to air 
pollution as a potential contributor to cognitive function, cognitive 
decline, brain imaging, and dementia: a systematic review of 
epidemiologic research. Neurotoxicology 2016; 56: 235–53.

126 Chen H, Kwong JC, Copes R, et al. Living near major roads and the 
incidence of dementia, Parkinson’s disease, and multiple sclerosis: 
a population-based cohort study. Lancet 2017; 389: 718–26.

127 Oudin A, Segersson D, Adolfsson R, Forsberg B. Association 
between air pollution from residential wood burning and dementia 
incidence in a longitudinal study in Northern Sweden. PLoS One 
2018; 13: e0198283.

128 Oudin A, Forsberg B, Adolfsson AN, et al. Traffic-related air 
pollution and dementia incidence in northern Sweden: 
a longitudinal study. Environ Health Perspect 2016; 124: 306–12.

129 Carey IM, Anderson HR, Atkinson RW, et al. Are noise and air 
pollution related to the incidence of dementia? A cohort study in 
London, England. BMJ Open 2018; 8: e022404.

130 Bowe B, Xie Y, Yan Y, Al-Aly Z. Burden of cause-specific mortality 
associated with PM2.5 air pollution in the United States. 
JAMA Netw Open 2019; 2: e1915834.

131 Spira AP, Gamaldo AA, An Y, et al. Self-reported sleep and 
β-amyloid deposition in community-dwelling older adults. 
JAMA Neurol 2013; 70: 1537–43.

132 Macedo AC, Balouch S, Tabet N. Is sleep disruption a risk factor for 
Alzheimer’s disease? J Alzheimers Dis 2017; 58: 993–1002.

133 Musiek ES, Xiong DD, Holtzman DM. Sleep, circadian rhythms, 
and the pathogenesis of Alzheimer disease. Exp Mol Med 2015; 
47: e148.

134 Yaffe K, Falvey CM, Hoang T. Connections between sleep and 
cognition in older adults. Lancet Neurol 2014; 13: 1017–28.

135 Sindi S, Kåreholt I, Johansson L, et al. Sleep disturbances and 
dementia risk: a multicenter study. Alzheimers Dement 2018; 
14: 1235–42.

136 Irwin MR, Vitiello MV. Implications of sleep disturbance and 
inflammation for Alzheimer’s disease dementia. Lancet Neurol 2019; 
18: 296–306.

137 Shi L, Chen SJ, Ma MY, et al. Sleep disturbances increase the risk of 
dementia: a systematic review and meta-analysis. Sleep Med Rev 
2018; 40: 4–16.



The Lancet Commissions

442 www.thelancet.com   Vol 396   August 8, 2020

138 Bubu OM, Brannick M, Mortimer J, et al. Sleep, Cognitive 
impairment, and Alzheimer’s disease: a systematic review and 
meta-analysis. Sleep 2017; 40: zsw032.

139 Ohara T, Honda T, Hata J, et al. Association between daily sleep 
duration and risk of dementia and mortality in a Japanese 
community. J Am Geriatr Soc 2018; 66: 1911–18.

140 Li J, Ogrodnik M, Kolachalama VB, Lin H, Au R. Assessment of the 
mid-life demographic and lifestyle risk factors of dementia using 
data from the framingham heart study offspring cohort. 
J Alzheimers Dis 2018; 63: 1119–27.

141 Lutsey PL, Misialek JR, Mosley TH, et al. Sleep characteristics and 
risk of dementia and Alzheimer’s disease: the atherosclerosis risk 
in communities study. Alzheimers Dement 2018; 14: 157–66.

142 Lu Y, Sugawara Y, Zhang S, Tomata Y, Tsuji I. Changes in sleep 
duration and the risk of incident dementia in the elderly Japanese: 
the Ohsaki Cohort 2006 Study. Sleep 2018; 41: zsy143.

143 Richardson K, Mattishent K, Loke YK, et al. History of 
benzodiazepine prescriptions and risk of dementia: possible 
bias due to prevalent users and covariate measurement timing 
in a nested case-control study. Am J Epidemiol 2019; 
188: 1228–36.

144 Bronskill SE, Campitelli MA, Iaboni A, et al. Low-dose trazodone, 
benzodiazepines, and fall-related injuries in nursing homes: 
a matched-cohort study. J Am Geriatr Soc 2018; 66: 1963–71.

145 Pistollato F, Iglesias RC, Ruiz R, et al. Nutritional patterns 
associated with the maintenance of neurocognitive functions and 
the risk of dementia and Alzheimer’s disease: a focus on human 
studies. Pharmacol Res 2018; 131: 32–43.

146 Morris MC, Wang Y, Barnes LL, Bennett DA, Dawson-Hughes B, 
Booth SL. Nutrients and bioactives in green leafy vegetables and 
cognitive decline: Prospective study. Neurology 2018; 90: e214–22.

147 Akbaraly TN, Singh-Manoux A, Dugravot A, Brunner EJ, 
Kivimäki M, Sabia S. Association of midlife diet with subsequent 
risk for dementia. JAMA 2019; 321: 957–68.

148 D’Cunha NM, Georgousopoulou EN, Dadigamuwage L, et al. 
Effect of long-term nutraceutical and dietary supplement use on 
cognition in the elderly: a 10-year systematic review of randomised 
controlled trials. Br J Nutr 2018; 119: 280–98.

149 Rutjes AW, Denton DA, Di Nisio M, et al. Vitamin and mineral 
supplementation for maintaining cognitive function in cognitively 
healthy people in mid and late life. Cochrane Database Syst Rev 2018; 
12: CD011906.

150 McCleery J, Abraham RP, Denton DA, et al. Vitamin and mineral 
supplementation for preventing dementia or delaying cognitive 
decline in people with mild cognitive impairment. 
Cochrane Database Syst Rev 2018; 11: CD011905.

151 Farina N, Isaac MGEKN, Clark AR, Rusted J, Tabet N. Vitamin E for 
Alzheimer’s dementia and mild cognitive impairment. 
Cochrane Database Syst Rev 2017; 4: CD002854.

152 Soininen H, Solomon A, Visser PJ, et al. 24-month intervention 
with a specific multinutrient in people with prodromal Alzheimer’s 
disease (LipiDiDiet): a randomised, double-blind, controlled trial. 
Lancet Neurol 2017; 16: 965–75.

153 Loughrey DG, Lavecchia S, Brennan S, Lawlor BA, Kelly ME. 
The impact of the mediterranean diet on the cognitive functioning 
of healthy older adults: a systematic review and meta-analysis. 
Adv Nutr 2017; 8: 571–86.

154 Radd-Vagenas S, Duffy SL, Naismith SL, Brew BJ, Flood VM, 
Fiatarone Singh MA. Effect of the Mediterranean diet on 
cognition and brain morphology and function: a systematic 
review of randomized controlled trials. Am J Clin Nutr 2018; 
107: 389–404.

155 Rosenberg A, Ngandu T, Rusanen M, et al. Multidomain lifestyle 
intervention benefits a large elderly population at risk for cognitive 
decline and dementia regardless of baseline characteristics: 
the FINGER trial. Alzheimers Dement 2018; 14: 263–70.

156 Stephen R, Liu Y, Ngandu T, et al. Brain volumes and cortical 
thickness on MRI in the Finnish geriatric intervention study to 
prevent cognitive impairment and disability (FINGER). 
Alzheimers Res Ther 2019; 11: 53.

157 Richard E, Jongstra S, Soininen H, et al. Healthy ageing through 
internet counselling in the elderly: the HATICE randomised 
controlled trial for the prevention of cardiovascular disease and 
cognitive impairment. BMJ Open 2016; 6: e010806.

158 Richard E, Moll van Charante EP, Hoevenaar-Blom MP, et al. 
Healthy ageing through internet counselling in the elderly 
(HATICE): a multinational, randomised controlled trial. 
Lancet Digital Health 2019; 1: e424–34.

159 NHS Digital. Health Survey for England 2014: health, social care 
and lifestyles: summary of key findings, 2014. Dec 16, 2015. 
https://digital.nhs.uk/data-and-information/publications/
statistical/health-survey-for-england/health-survey-for-england-2014 
(accessed March 19, 2019).

160 Xu W, Wang H, Wan Y, et al. Alcohol consumption and dementia 
risk: a dose-response meta-analysis of prospective studies. 
Eur J Epidemiol 2017; 32: 31–42.

161 Britton A, Ben-Shlomo Y, Benzeval M, Kuh D, Bell S. Life course 
trajectories of alcohol consumption in the United Kingdom using 
longitudinal data from nine cohort studies. BMC Med 2015; 13: 47.

162 Järvenpää T, Rinne JO, Koskenvuo M, Räihä I, Kaprio J. 
Binge drinking in midlife and dementia risk. Epidemiology 2005; 
16: 766–71.

163 Handing EP, Andel R, Kadlecova P, Gatz M, Pedersen NL. 
Midlife alcohol consumption and risk of dementia over 43 years of 
follow-up: a population-based study from the Swedish twin registry. 
J Gerontol A Biol Sci Med Sci 2015; 70: 1248–54.

164 Shor E, Roelfs D, Vang ZM. The “Hispanic mortality paradox” 
revisited: meta-analysis and meta-regression of life-course 
differentials in Latin American and Caribbean immigrants’ 
mortality. Soc Sci Med 2017; 186: 20–33.

165 Altman DG. Practical statistics for medical research. London: 
Chapman and Hall/CRC press, 1990.

166 Huang CH, Lin CW, Lee YC, et al. Is traumatic brain injury a risk 
factor for neurodegeneration? A meta-analysis of population-based 
studies. BMC Neurol 2018; 18: 184.

167 Zhang J, Yu KF. What’s the relative risk? A method of correcting 
the odds ratio in cohort studies of common outcomes. JAMA 1998; 
280: 1690–91.

168 Chu SF, Chiu WT, Lin HW, Chiang YH, Liou TH. Hazard ratio and 
repeat injury for dementia in patients with and without a history of 
traumatic brain injury: a population-based secondary data analysis 
in Taiwan. Asia Pac J Public Health 2016; 28: 519–27.

169 Abner EL, Nelson PT, Schmitt FA, et al. Self-reported head injury 
and risk of late-life impairment and AD pathology in an AD center 
cohort. Dement Geriatr Cogn Dis 2014; 37: 294–306.

170 Gardner RC, Burke JF, Nettiksimmons J, Kaup A, Barnes DE, 
Yaffe K. Dementia risk after traumatic brain injury vs nonbrain 
trauma: the role of age and severity. JAMA Neurology 2014; 
71: 1490–97.

171 Nordström P, Michaëlsson K, Gustafson Y, Nordström A. Traumatic 
brain injury and young onset dementia: a nationwide cohort study. 
Ann Neurol 2014; 75: 374–81.

172 Wang H, Lin S, Sung P, et al. Population based study on patients 
with traumatic brain injury suggests increased risk of dementia. 
J Neurol Neurosurg Psychiatry 2012; 83: 1080–85.

173 Frost RB, Farrer TJ, Primosch M, Hedges DW. Prevalence of 
traumatic brain injury in the general adult population: a meta-
analysis. Neuroepidemiology 2013; 40: 154–59.

174 Chen H, Kwong JC, Copes R, et al. Exposure to ambient air 
pollution and the incidence of dementia: a population-based cohort 
study. Environ Int 2017; 108: 271–77.

175 Lourida I, Hannon E, Littlejohns TJ, et al. Association of lifestyle 
and genetic risk with incidence of dementia. JAMA 2019; 322: 430.

176 Solomon A, Turunen H, Ngandu T, et al. Effect of the apolipoprotein 
E genotype on cognitive change during a multidomain lifestyle 
intervention: a subgroup analysis of a randomized clinical trial. 
JAMA Neurol 2018; 75: 462–70.

177 Licher S, Ahmad S, Karamujić-Čomić H, et al. Genetic predisposition, 
modifiable-risk-factor profile and long-term dementia risk in the 
general population. Nat Med 2019; 25: 1364–69.

178 Rockwood K, Wallace LMK, Davis DH. Genetic predisposition 
and modifiable risks for late-life dementia. Nat Med 2019; 
25: 1331–32.

179 Ritchie K, Carrière I, Ritchie CW, Berr C, Artero S, Ancelin ML. 
Designing prevention programmes to reduce incidence of dementia: 
prospective cohort study of modifiable risk factors. BMJ 2010; 
341: c3885.



The Lancet Commissions

www.thelancet.com   Vol 396   August 8, 2020 443

180 American Psychiatric Association. DSM-IV sourcebook. 
Washington, DC: American Psychiatric Press, 1996.

181 American Psychiatric Association. DSM-5 Task Force. Diagnostic 
and statistical manual of mental disorders: DSM-5, 5th edn. 
Washington, DC: American Psychiatric Association, 2013.

182 Roberts RO, Aakre JA, Kremers WK, et al. Prevalence and outcomes 
of amyloid positivity among persons without dementia in a 
longitudinal, population-based setting. JAMA Neurol 2018; 75: 970–79.

183 Rice L, Bisdas S. The diagnostic value of FDG and amyloid PET in 
Alzheimer’s disease-a systematic review. Eur J Radiol 2017; 94: 16–24.

184 Dang C, Harrington KD, Lim YY, et al. Relationship between 
amyloid-β positivity and progression to mild cognitive impairment 
or dementia over 8 years in cognitively normal older adults. 
J Alzheimers Dis 2018; 65: 1313–25.

185 Brookmeyer R, Abdalla N. Estimation of lifetime risks of 
Alzheimer’s disease dementia using biomarkers for preclinical 
disease. Alzheimers Dement 2018; 14: 981–88.

186 Jack CR Jr, Wiste HJ, Therneau TM, et al. Associations of amyloid, 
tau, and neurodegeneration biomarker profiles with rates of 
memory decline among individuals without dementia. JAMA 2019; 
321: 2316–25.

187 Rabinovici GD, Gatsonis C, Apgar C, et al. Association of amyloid 
positron emission tomography with subsequent change in clinical 
management among Medicare beneficiaries with mild cognitive 
impairment or dementia. JAMA 2019; 321: 1286–94.

188 Nakamura A, Kaneko N, Villemagne VL, et al. High performance 
plasma amyloid-β biomarkers for Alzheimer’s disease. Nature 2018; 
554: 249–54.

189 Ovod V, Ramsey KN, Mawuenyega KG, et al. Amyloid β 
concentrations and stable isotope labeling kinetics of human plasma 
specific to central nervous system amyloidosis. Alzheimers Dement 
2017; 13: 841–49.

190 Janelidze S, Stomrud E, Palmqvist S, et al. Plasma β-amyloid in 
Alzheimer’s disease and vascular disease. Sci Rep 2016; 6: 26801.

191 Blennow K, Mattsson N, Schöll M, Hansson O, Zetterberg H. 
Amyloid biomarkers in Alzheimer’s disease. Trends Pharmacol Sci 
2015; 36: 297–309.

192 Herukka SK, Simonsen AH, Andreasen N, et al. Recommendations 
for cerebrospinal fluid Alzheimer’s disease biomarkers in the 
diagnostic evaluation of mild cognitive impairment. 
Alzheimers Dement 2017; 13: 285–95.

193 Byrne LM, Rodrigues FB, Blennow K, et al. Neurofilament light 
protein in blood as a potential biomarker of neurodegeneration in 
Huntington’s disease: a retrospective cohort analysis. Lancet Neurol 
2017; 16: 601–09.

194 Disanto G, Barro C, Benkert P, et al. Serum neurofilament light: 
a biomarker of neuronal damage in multiple sclerosis. Ann Neurol 
2017; 81: 857–70.

195 Mattsson N, Andreasson U, Zetterberg H, Blennow K. Association 
of plasma neurofilament light with neurodegeneration in patients 
with Alzheimer disease. JAMA Neurol 2017; 74: 557–66.

196 Patnode CD, Perdue LA, Rossom RC, et al. Screening for cognitive 
impairment in older adults: an evidence update for the US 
Preventive Services Task Force [Internet]. Rockville, MD: 
The Agency for Healthcare Research and Quality Publication, 2020.

197 Fowler NR, Perkins AJ, Gao S, Sachs GA, Boustani MA. Risks and 
benefits of screening for dementia in primary care: the Indiana 
University cognitive health outcomes investigation of the 
comparative effectiveness of dementia screening (IU CHOICE) 
trial. J Am Geriatr Soc 2019; 68: 535–43.

198 Fowler NR, Perkins AJ, Gao S, Sachs GA, Uebelhor AK, 
Boustani MA. Patient characteristics associated with screening 
positive for Alzheimer’s disease and related dementia. 
Clin Interv Aging 2018; 13: 1779–85.

199 NICE. Dementia: Assessment, management and support for people 
living with dementia and their carers. London: National Institute 
for Health and Care Excellence, 2018.

200 Birks JS, Harvey RJ. Donepezil for dementia due to Alzheimer’s 
disease. Cochrane Database Syst Rev 2018; 6: CD001190.

201 Walsh S, King E, Brayne C. France removes state funding for 
dementia drugs. BMJ 2019; 367: l6930.

202 Egan MF, Kost J, Tariot PN, et al. Randomized trial of verubecestat 
for mild-to-moderate Alzheimer’s disease. N Engl J Med 2018; 
378: 1691–703.

203 Lawlor B, Segurado R, Kennelly S, et al. Nilvadipine in mild to 
moderate Alzheimer disease: a randomised controlled trial. 
PLoS Med 2018; 15: e1002660.

204 Andrews M, Tousi B, Sabbagh MN. 5HT6 antagonists in the 
treatment of Alzheimer’s dementia: current progress. Neurol Ther 
2018; 7: 51–58.

205 Voytyuk I, De Strooper B, Chávez-Gutiérrez L. Modulation of γ- and 
β-secretases as early prevention against Alzheimer’s disease. 
Biol Psychiatry 2018; 83: 320–27.

206 Egan MF, Kost J, Voss T, et al. Randomized trial of verubecestat for 
prodromal Alzheimer’s disease. N Engl J Med 2019; 380: 1408–20.

207 Bahar-Fuchs A, Martyr A, Goh AM, Sabates J, Clare L. Cognitive 
training for people with mild to moderate dementia. 
Cochrane Database Syst Rev 2019; 3: CD013069.

208 Lamb SE, Sheehan B, Atherton N, et al. Dementia and physical 
activity (DAPA) trial of moderate to high intensity exercise training 
for people with dementia: randomised controlled trial. BMJ 2018; 
361: k1675.

209 Teri L, Logsdon RG, McCurry AM, Pike KC, McGough EL. 
Translating an evidence-based multicomponent intervention for older 
adults with dementia and caregivers. Gerontologist 2020; 60: 548–57.

210 Ehrenberg AJ, Suemoto CK, França Resende EP, et al. 
Neuropathologic correlates of psychiatric symptoms in Alzheimer’s 
disease. J Alzheimers Dis 2018; 66: 115–26.

211 Donegan K, Fox N, Black N, Livingston G, Banerjee S, Burns A. 
Trends in diagnosis and treatment for people with dementia in the 
UK from 2005 to 2015: a longitudinal retrospective cohort study. 
Lancet Public Health 2017; 2: e149–56.

212 Thyrian JR, Hertel J, Wucherer D, et al. Effectiveness and safety of 
dementia care management in primary care: a randomized clinical 
trial. JAMA Psychiatry 2017; 74: 996–1004.

213 Gitlin LN, Arthur P, Piersol C, et al. Targeting behavioral symptoms 
and functional decline in dementia: a randomized clinical trial. 
J Am Geriatr Soc 2018; 66: 339–45.

214 Dudas R, Malouf R, McCleery J, Dening T. Antidepressants for 
treating depression in dementia. Cochrane Database Syst Rev 2018; 
8: CD003944.

215 Orgeta V, Tabet N, Nilforooshan R, Howard R. Efficacy of 
antidepressants for depression in Alzheimer’s disease: systematic 
review and meta-analysis. J Alzheimers Dis 2017; 58: 725–33.

216 Panca M, Livingston G, Barber J, et al. Healthcare resource 
utilisation and costs of agitation in people with dementia living in 
care homes in England - the managing agitation and raising 
quality of life in dementia (MARQUE) study. PLoS One 2019; 
14: e0211953.

217 Livingston G, Barber J, Marston L, et al. Prevalence of and 
associations with agitation in residents with dementia living in care 
homes: MARQUE cross-sectional study. BJPsych Open 2017; 3: 171–78.

218 Cooper C, Marston L, Barber J, et al. Do care homes deliver person-
centred care? A cross-sectional survey of staff-reported abusive and 
positive behaviours towards residents from the MARQUE 
(managing agitation and raising quality of life) English national 
care home survey. PLoS One 2018; 13: e0193399.

219 Ballard C, Corbett A, Orrell M, et al. Impact of person-centred care 
training and person-centred activities on quality of life, agitation, 
and antipsychotic use in people with dementia living in nursing 
homes: A cluster-randomised controlled trial. PLoS Med 2018; 
15: e1002500.

220 Lichtwarck B, Selbaek G, Kirkevold Ø, et al. Targeted interdisciplinary 
model for evaluation and treatment of neuropsychiatric symptoms: 
a cluster randomized controlled trial. Am J Geriatr Psychiatry 2018; 
26: 25–38.

221 Schneider LS, Dagerman K, Insel PS. Efficacy and adverse effects 
of atypical antipsychotics for dementia: meta-analysis of 
randomized, placebo-controlled trials. Am J Geriatr Psychiatry 
2006; 14: 191–210.

222 Kales HC, Gitlin LN, Lyketsos CG. Management of neuropsychiatric 
symptoms of dementia in clinical settings: recommendations from 
a multidisciplinary expert panel. J Am Geriatr Soc 2014; 62: 762–69.

223 Livingston G, Barber J, Marston L, et al. Clinical and cost-
effectiveness of the managing agitation and raising quality of life 
(MARQUE) intervention for agitation in people with dementia in 
care homes: a single-blind, cluster-randomised controlled trial. 
Lancet Psychiatry 2019; 6: 293–304.



The Lancet Commissions

444 www.thelancet.com   Vol 396   August 8, 2020

224 Kales HC, Lyketsos CG, Miller EM, Ballard C. Management of 
behavioral and psychological symptoms in people with Alzheimer’s 
disease: an international Delphi consensus. Int Psychogeriatr 2018; 
31: 83–90.

225 Van Leeuwen E, Petrovic M, van Driel ML, et al. Withdrawal versus 
continuation of long-term antipsychotic drug use for behavioural 
and psychological symptoms in older people with dementia. 
Cochrane Database Syst Rev 2018; 3: CD007726.

226 Cossette B, Bruneau MA, Couturier Y, et al. Optimizing practices, 
use, care and services-antipsychotics (OPUS-AP) in long-term care 
centers in Quebec, Canada: a strategy for best practices. 
J Am Med Dir Assoc 2019.

227 Cohen-Mansfield J. Do reports on personal preferences of persons 
with dementia predict their responses to group activities? 
Dement Geriatr Cogn Disord 2018; 46: 100–08.

228 Cohen-Mansfield J. The impact of group activities and their content 
on persons with dementia attending them. Alzheimers Res Ther 
2018; 10: 37.

229 Ruthirakuhan MT, Herrmann N, Abraham EH, Chan S, Lanctôt KL. 
Pharmacological interventions for apathy in Alzheimer’s disease. 
Cochrane Database Syst Rev 2018; 5: CD012197.

230 Kinnunen KM, Vikhanova A, Livingston G. The management of 
sleep disorders in dementia: an update. Curr Opin Psychiatry 2017; 
30: 491–97.

231 Livingston G, Barber JA, Kinnunen KM, et al. DREAMS-START 
(Dementia RElAted Manual for Sleep; STrAtegies for RelaTives) for 
people with dementia and sleep disturbances: a single-blind 
feasibility and acceptability randomized controlled trial. 
Int Psychogeriatr 2018; 31: 251–65.

232 Maust DT, Kales HC, McCammon RJ, Blow FC, Leggett A, 
Langa KM. Distress associated with dementia-related psychosis and 
agitation in relation to healthcare utilization and costs. 
Am J Geriatr Psychiatry 2017; 25: 1074–82.

233 Livingston G, Manela M, O’Keeffe A, et al. Clinical effectiveness of 
the START (STrAtegies for RelaTives) psychological intervention for 
family carers and the effects on the cost of care for people with 
dementia: 6-year follow-up of a randomised controlled trial. 
Br J Psychiatry 2020; 216: 35–42.

234 Guterman EL, Allen IE, Josephson SA, et al. Association between 
caregiver depression and emergency department use among 
patients with dementia. JAMA Neurol 2019; 76: 1166–73.

235 Clare L, Kudlicka A, Oyebode JR, et al. Goal-oriented cognitive 
rehabilitation for early-stage Alzheimer’s and related dementias: 
the GREAT RCT. Health Technol Assess 2019; 23: 1–242.

236 Scott I, Cooper C, Leverton M, et al. Effects of nonpharmacological 
interventions on functioning of people living with dementia at 
home: a systematic review of randomised controlled trials. 
Int J Geriatr Psychiatry 2019; 34: 1386–402.

237 Sharma S, Mueller C, Stewart R, et al. Predictors of falls and 
fractures leading to hospitalization in people with dementia: 
a representative cohort study. J Am Med Dir Assoc 2018; 
19: 607–12.

238 Cooper C, Lodwick R, Walters K, et al. Inequalities in receipt of 
mental and physical healthcare in people with dementia in the UK. 
Age Ageing 2017; 46: 393–400.

239 Fereshtehnejad SM, Garcia-Ptacek S, Religa D, et al. Dental care 
utilization in patients with different types of dementia: a longitudinal 
nationwide study of 58,037 individuals. Alzheimers Dement 2018; 
14: 10–19.

240 Bunn F, Goodman C, Reece Jones P, et al. What works for whom in 
the management of diabetes in people living with dementia: 
a realist review. BMC Med 2017; 15: 141.

241 Banerjee S, Farina N, Daley S, et al. How do we enhance 
undergraduate healthcare education in dementia? A review of 
the role of innovative approaches and development of the 
Time for Dementia Programme. Int J Geriatr Psychiatry 2017; 
32: 68–75.

242 Browne J, Edwards DA, Rhodes KM, Brimicombe DJ, Payne RA. 
Association of comorbidity and health service usage among patients 
with dementia in the UK: a population-based study. BMJ Open 2017; 
7: e012546.

243 Poblador-Plou B, Calderón-Larrañaga A, Marta-Moreno J, et al. 
Comorbidity of dementia: a cross-sectional study of primary care 
older patients. BMC Psychiatry 2014; 14: 84.

244 Rait G, Walters K, Bottomley C, Petersen I, Iliffe S, Nazareth I. 
Survival of people with clinical diagnosis of dementia in primary 
care: cohort study. BMJ 2010; 341: c3584.

245 Bauer K, Schwarzkopf L, Graessel E, Holle R. A claims data-based 
comparison of comorbidity in individuals with and without 
dementia. BMC Geriatr 2014; 14: 10.

246 Bunn F, Burn A-M, Goodman C, et al. Comorbidity and dementia: 
a scoping review of the literature. BMC Med 2014; 12: 192.

247 Bennett HQ, Norton S, Bunn F, et al. The impact of dementia on 
service use by individuals with a comorbid health condition: 
a comparison of two cross-sectional analyses conducted 
approximately 10 years apart. BMC Med 2018; 16: 114.

248 Melis RJ, Marengoni A, Rizzuto D, et al. The influence of 
multimorbidity on clinical progression of dementia in a population-
based cohort. PLoS One 2013; 8: e84014.

249 Martín-García S, Rodríguez-Blázquez C, Martínez-López I, 
Martínez-Martín P, Forjaz MJ. Comorbidity, health status, and 
quality of life in institutionalized older people with and without 
dementia. Int Psychogeriatr 2013; 25: 1077–84.

250 Zhu N, Zhang D, Wang W, et al. A novel coronavirus from 
patients with pneumonia in China, 2019. N Engl J Med 2020; 
382: 727–33.

251 Verity R, Okell LC, Dorigatti I, et al. Estimates of the severity of 
coronavirus disease 2019: a model-based analysis. Lancet Infect Dis 
2020; 20: 669–77.

252 Guan WJ, Liang WH, Zhao Y, et al. Comorbidity and its impact on 
1590 patients with Covid-19 in China: a nationwide analysis. 
Eur Respir J 2020; 55: 2000547.

253 Office for National Statistics. Impact of coronavirus in care homes 
in England: 26 May to 19 June 2020. 2020. https://www.ons.gov.uk/
peoplepopulationandcommunity/healthandsocialcare/
conditionsanddiseases/articles/impactofcoronavirusincarehomesin
englandvivaldi/26mayto19june2020 (accessed July 10, 2020).

254 Livingston G, Weidner W. COVID-19 and dementia: difficult 
decisions about hospital admission and triage 2020. https://www.
alz.co.uk/news/adi-releases-position-paper-on-covid-19-and-
dementia (accessed April 22, 2020).

255 Troyer EA, Kohn JN, Hong S. Are we facing a crashing wave of 
neuropsychiatric sequelae of COVID-19? Neuropsychiatric 
symptoms and potential immunologic mechanisms. 
Brain Behav Immun 2020; 87: 34–39.

256 Ritchie K, Chan D, Watermeyer T. The neurological consequences of 
the COVID-19 epidemic: collateral damage? Brain Communications 
2020; published online May 28. https://doi.org/10.1093/
braincomms/fcaa069.

257 Nicol GE, Piccirillo JF, Mulsant BH, Lenze EJ. Action at a distance: 
geriatric research during a pandemic. J Am Geriatr Soc 2020; 
68: 922–25.

258 Wang H, Li T, Barbarino P, et al. Dementia care during COVID-19. 
Lancet 2020; 395: 1190–91.

259 Lau-Ng R, Caruso LB, Perls TT. COVID-19 deaths in long term care 
facilities - a critical piece of the pandemic puzzle. J Am Geriatr Soc 
2020; published online June 5. DOI:10.1111/jgs.16669.

260 Comas-Herrera A, Zalakain J, Litwin C., Hsu AT, Fefnandez-Plotka 
JL. Mortality associated with COVID-19 outbreaks in care homes: 
early international evidence. 2020. https://ltccovid.org/2020/04/12/
mortality-associated-with-covid-19-outbreaks-in-care-homes-early-
international-evidence/ (accessed Feb 2, 2020).

261 McMichael TM, Currie DW, Clark S, et al. Epidemiology of Covid-19 
in a long-term care facility in King County, Washington. N Engl J 
Med 2020; 382: 2005–11.

262 CarePort Health. COVID-19 report. 2020. https://careporthealth.
com/wp-content/uploads/2020/05/COVID-19-Report-3.pdf 
(accessed July 10, 2020).

263 Zhan M, Qin Y, Xue X, Zhu S. Death from Covid-19 of 23 Health 
care workers in China. N Engl J Med 2020; 382: 2267–68.

264 Chen T, Wu D, Chen H, et al. Clinical characteristics of 
113 deceased patients with coronavirus disease 2019: retrospective 
study. BMJ 2020; 368: m1091.

265 White N, Leurent B, Lord K, Scott S, Jones L, Sampson EL. 
The management of behavioural and psychological symptoms of 
dementia in the acute general medical hospital: a longitudinal 
cohort study. Int J Geriatr Psychiatry 2017; 32: 297–305.



The Lancet Commissions

www.thelancet.com   Vol 396   August 8, 2020 445

266 Malone DC, McLaughlin TP, Wahl PM, et al. Burden of Alzheimer’s 
disease and association with negative health outcomes. 
Am J Manag Care 2009; 15: 481–88.

267 Sager MA, Rudberg MA, Jalaluddin M, et al. Hospital admission 
risk profile (HARP): identifying older patients at risk for functional 
decline following acute medical illness and hospitalization. 
J Am Geriatr Soc 1996; 44: 251–57.

268 Phelan EA, Borson S, Grothaus L, Balch S, Larson EB. Association 
of incident dementia with hospitalizations. JAMA 2012; 
307: 165–72.

269 Zhao Y, Kuo TC, Weir S, Kramer MS, Ash AS. Healthcare costs and 
utilization for Medicare beneficiaries with Alzheimer’s. 
BMC Health Serv Res 2008; 8: 108.

270 Bynum JP, Rabins PV, Weller W, Niefeld M, Anderson GF, Wu AW. 
The relationship between a dementia diagnosis, chronic illness, 
Medicare expenditures, and hospital use. J Am Geriatr Soc 2004; 
52: 187–94.

271 Shepherd H, Livingston G, Chan J, Sommerlad A. Hospitalisation 
rates and predictors in people with dementia: a systematic review 
and meta-analysis. BMC Med 2019; 17: 130.

272 Zhu CW, Cosentino S, Ornstein K, Gu Y, Andrews H, Stern Y. 
Use and cost of hospitalization in dementia: longitudinal results 
from a community-based study. Int J Geriatr Psychiatry 2015; 
30: 833–41.

273 Zhu CW, Cosentino S, Ornstein KA, Gu Y, Andrews H, Stern Y. 
interactive effects of dementia severity and comorbidities on 
medicare expenditures. J Alzheimers Dis 2017; 57: 305–15.

274 MacNeil Vroomen J, Bosmans JE, Eekhout I, et al. The cost-
effectiveness of two forms of case management compared to a 
control group for persons with dementia and their informal 
caregivers from a societal perspective. PLoS One 2016; 
11: e0160908.

275 Intrator O, Zinn J, Mor V. Nursing home characteristics and 
potentially preventable hospitalizations of long-stay residents. 
J Am Geriatr Soc 2004; 52: 1730–36.

276 Phelan EA, Debnam KJ, Anderson LA, Owens SB. A systematic 
review of intervention studies to prevent hospitalizations of 
community-dwelling older adults with dementia. Med Care 2015; 
53: 207–13.

277 Naylor MD, Brooten D, Campbell R, et al. Comprehensive discharge 
planning and home follow-up of hospitalized elders: a randomized 
clinical trial. JAMA 1999; 281: 613–20.

278 Handley M, Bunn F, Goodman C. Dementia-friendly interventions 
to improve the care of people living with dementia admitted to 
hospitals: a realist review. BMJ Open 2017; 7: e015257.

279 Department of Health. Using the Commissioning for Quality and 
Innovation (CQUIN) payment framework Guidance on new 
national goals for 2012–13. Leeds: Department of Health, 2012.

280 Wilkinson T, Ly A, Schnier C, et al. Identifying dementia cases with 
routinely collected health data: a systematic review. 
Alzheimers Dement 2018; 14: 1038–51.

281 Sommerlad A, Perera G, Singh-Manoux A, Lewis G, Stewart R, 
Livingston G. Accuracy of general hospital dementia diagnoses in 
England: sensitivity, specificity, and predictors of diagnostic 
accuracy 2008-2013. Alzheimers Dement 2018; 14: 933–43.

282 Ryan DJ, O’Regan NA, Caoimh RÓ, et al. Delirium in an adult 
acute hospital population: predictors, prevalence and detection. 
BMJ Open 2013; 3: e001772.

283 Jackson TA, MacLullich AM, Gladman JR, Lord JM, Sheehan B. 
Undiagnosed long-term cognitive impairment in acutely 
hospitalised older medical patients with delirium: a prospective 
cohort study. Age Ageing 2016; 45: 493–99.

284 Davis DHJ, Muniz-Terrera G, Keage HAD, et al. Association of 
delirium with cognitive decline in late life: a neuropathologic study of 
3 population-based cohort studies. JAMA Psychiatry 2017; 74: 244–51.

285 James BD, Wilson RS, Capuano AW, et al. Cognitive decline after 
elective and nonelective hospitalizations in older adults. Neurology 
2019; 92: e690–99.

286 Fong TG, Davis D, Growdon ME, Albuquerque A, Inouye SK. 
The interface between delirium and dementia in elderly adults. 
Lancet Neurol 2015; 14: 823–32.

287 Siddiqi N, Harrison JK, Clegg A, et al. Interventions for preventing 
delirium in hospitalised non-ICU patients. Cochrane Database Syst Rev 
2016; 3: CD005563.

288 Neufeld KJ, Yue J, Robinson TN, Inouye SK, Needham DM. 
Antipsychotic medication for prevention and treatment of delirium 
in hospitalized adults: a systematic review and meta-analysis. 
J Am Geriatr Soc 2016; 64: 705–14.

289 Barbateskovic M, Krauss SR, Collet MO, et al. Pharmacological 
interventions for prevention and management of delirium in 
intensive care patients: a systematic overview of reviews and meta-
analyses. BMJ Open 2019; 9: e024562.

290 Hshieh TT, Yang T, Gartaganis SL, Yue J, Inouye SK. Hospital elder 
life program: systematic review and meta-analysis of effectiveness. 
Am J Geriatr Psychiatry 2018; 26: 1015–33.

291 Wu YC, Tseng PT, Tu YK, et al. Association of delirium response 
and safety of pharmacological interventions for the management 
and prevention of delirium: a network meta-analysis. 
JAMA Psychiatry 2019; 76: 526–35.

292 Goldberg SE, Bradshaw LE, Kearney FC, et al. Care in specialist 
medical and mental health unit compared with standard care for 
older people with cognitive impairment admitted to general hospital: 
randomised controlled trial (NIHR TEAM trial). BMJ 2013; 
347: f4132.

293 Kolanowski A, Fick D, Litaker M, et al. Effect of cognitively 
stimulating activities on symptom management of delirium 
superimposed on dementia: A randomized controlled trial. 
J Am Geriatr Soc 2016; 64: 2424–32.

294 Burry L, Mehta S, Perreault MM, et al. Antipsychotics for treatment of 
delirium in hospitalised non-ICU patients. Cochrane Database Syst Rev 
2018; 6: CD005594.

295 Yu A, Wu S, Zhang Z, et al. Cholinesterase inhibitors for the 
treatment of delirium in non-ICU settings. Cochrane Database Syst Rev 
2018; 6: CD012494.

296 Lonergan E, Luxenberg J, Areosa Sastre A, Wyller T. 
Benzodiazepines for delirium. Cochrane Database Syst Rev 2009; 
4: CD006379.

297 The American Geriatrics Society 2015 Beers Criteria Update Expert 
Panel. American Geriatrics Society 2015 Updated Beers Criteria for 
potentially inappropriate medication use in older adults. 
J Am Geriatr Soc 2015; 63: 2227–46.

298 Jackson TA, Gladman JR, Harwood RH, et al. Challenges and 
opportunities in understanding dementia and delirium in the acute 
hospital. PLoS Med 2017; 14: e1002247.

299 Boyle PA, Yu L, Leurgans SE, et al. Attributable risk of Alzheimer’s 
dementia attributed to age-related neuropathologies. Ann Neurol 
2019; 85: 114–24.

300 Boyle PA, Yu L, Wilson RS, Leurgans SE, Schneider JA, 
Bennett DA. Person-specific contribution of neuropathologies to 
cognitive loss in old age. Ann Neurol 2018; 83: 74–83.

301 Wallace L, Theou O, Rockwood K, Andrew MK. Relationship 
between frailty and Alzheimer’s disease biomarkers: a scoping 
review. Alzheimers Dement (Amst) 2018; 10: 394–401.

302 Aworinde J, Werbeloff N, Lewis G, Livingston G, Sommerlad A. 
Dementia severity at death: a register-based cohort study. 
BMC Psychiatry 2018; 18: 355.

303 Meeussen K, Van den Block L, Echteld M, et al. Older people dying 
with dementia: a nationwide study. Int Psychogeriatr 2012; 
24: 1581–91.

304 Sampson EL, Candy B, Davis S, et al. Living and dying with 
advanced dementia: A prospective cohort study of symptoms, 
service use and care at the end of life. Palliat Med 2018; 32: 668–81.

305 Rosemond C, Hanson LC, Zimmerman S. Goals of care or goals of 
trust? how family members perceive goals for dying nursing home 
residents. J Palliat Med 2017; 20: 360–65.

306 Hanson LC, Zimmerman S, Song MK, et al. Effect of the Goals of 
care intervention for advanced dementia: a randomized clinical 
trial. JAMA Intern Med 2017; 177: 24–31.

307 Dening KH, King M, Jones L, Sampson EL. Healthcare decision-
making: past present and future, in light of a diagnosis of dementia. 
Int J Palliat Nurs 2017; 23: 4–11.

308 Gaster B, Larson EB, Curtis JR. Advance directives for dementia: 
meeting a unique challenge. JAMA 2017; 318: 2175–76.

309 Harrison Dening K, King M, Jones L, Vickestaff V, Sampson EL. 
Advance care planning in dementia: do family carers know the 
treatment preferences of people with early dementia? PLoS One 
2016; 11: e0159056.



The Lancet Commissions

446 www.thelancet.com   Vol 396   August 8, 2020

310 Brazil K, Carter G, Cardwell C, et al. Effectiveness of advance care 
planning with family carers in dementia nursing homes: a paired 
cluster randomized controlled trial. Palliat Med 2018; 32: 603–12.

311 Shah SM, Carey IM, Harris T, DeWilde S, Victor CR, Cook DG. 
The mental health and mortality impact of death of a partner with 
dementia. Int J Geriatr Psychiatry 2016; 31: 929–37.

312 Moore KJ, Davis S, Gola A, et al. Experiences of end of life 
amongst family carers of people with advanced dementia: 
longitudinal cohort study with mixed methods. BMC Geriatr 2017; 
17: 135.

313 Agar M, Luckett T, Luscombe G, et al. Effects of facilitated family 
case conferencing for advanced dementia: a cluster randomised 
clinical trial. PLoS One 2017; 12: e0181020.

314 Luckett T, Chenoweth L, Phillips J, et al. A facilitated approach to 
family case conferencing for people with advanced dementia living 
in nursing homes: perceptions of palliative care planning 
coordinators and other health professionals in the IDEAL study. 
Int Psychogeriatr 2017; 29: 1713–22.

315 Pickett J, Bird C, Ballard C, et al. A roadmap to advance dementia 
research in prevention, diagnosis, intervention, and care by 2025. 
Int J Geriatr Psychiatry 2018; 33: 900–06.

© 2020 Elsevier Ltd. All rights reserved.


	Dementia prevention, intervention, and care: 2020 report of the Lancet Commission
	Executive summary
	Introduction
	Prevention of dementia
	Dementia in LMIC
	Specific potentially modifiable risk factors for dementia
	Education and midlife and late-life cognitive stimulation
	Cognitive interventions in normal cognition and mild cognitive impairment
	Hearing impairment
	TBI
	Hypertension
	Physical inactivity, exercise, and fitness
	Diabetes
	Combined cardiovascular risk factors
	Excessive alcohol consumption
	Weight control and obesity
	Smoking
	Depression
	Social contact
	Air pollutants
	Sleep
	Diet

	Trials of combination strategies to prevent dementia
	Total PAF calculation
	PAF calculation

	Incorporation of the new chosen risks in new systematic reviews
	Alcohol
	TBI
	Pollution
	Strengths and limitations
	Key points and recommendations

	Interventions and care in dementia
	Biomarkers and detection of Alzheimer’s disease
	Principles of intervention in people with dementia
	Interventions once a diagnosis has been made
	Interventions for neuropsychiatric symptoms of dementia
	People with dementia have other illnesses
	Dementia and COVID-19
	Hospital admissions
	Physical illness, delirium, and dementia
	End-of-life care in dementia
	Link between very old age, frailty, and dementia

	Conclusions
	Acknowledgments
	References


