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The challenges of aging societies

According to the World Health Organisation’s (WHO) 
definition, healthy aging is “the process of developing and 
maintaining the functional ability that enables wellbeing 
in older age.”1 The new concept of decline of intrinsic 
capacities, comprising “the mental and physical capac-
ities that a person can draw on [including] their ability 
to walk, think, see, hear, and remember,” necessitates a 
repositioning of prevention efforts in the dementia space. 
The traditional definition of healthy aging as years lived 
free from disease is replaced by a concept focusing on a 
process that allows individuals to maintain their normal 
function as they age. This is in stark contrast to the usual 
health care and public health approaches, which mostly 
aim at identifying and treating acute illnesses rather than 

maintaining the intrinsic capacities throughout the life 
course. This paradigm shift in the definition of healthy 
aging will have to be followed by a process of redesign-
ing the global health care systems with a stronger focus 
on preserving function for a longer period of time.

Treatment and prevention of dementia have long been con-
sidered impossible, but emerging evidence suggests that 
certain lifestyle choices are related to reduced risk, and that 
modification of lifestyle factors could be used to imple-
ment effective public health policies that promote healthy 
aging. A 2017 systematic review, commissioned by the US 
National Institutes on Aging, found that there is currently 
not enough evidence to justify large investments in public 
health initiatives geared to prevent dementia.2 The report 
found a mix of negative and positive effects for differ-
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Similar to other complex disorders, the etiology of Alzheimer disease is multifactorial and characterized by an  
interplay of biological and environmental risk and protective factors. Potentially modifiable risk factors have 
emerged from epidemiological research and strategies to prevent neurodegeneration and dementia are currently being  
tested, including multimodal interventions aiming to reduce several risk factors at once. The concept of reserve was 
developed based on the observation that certain individual characteristics, such as life experiences, lifestyles, and 
neurobiological parameters, are associated with a higher resilience against neurodegeneration and its symptoms.  
Coordinated research is required to maximize the use of available human and financial resources to better understand 
the underlying neurobiological mechanisms of reserve and to translate research findings into effective public health 
interventions.
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ent outcomes, with overall small effect sizes for several 
potentially preventive interventions, including physical 
activity, antihypertensives, non-steroidal anti-inflamma-
tory drugs, vitamin B12, nutraceuticals, and multimodal 
interventions. Examples for large-scale dementia preven-
tion programs with an approach that targets multiple in-
terventional domains include the Multidomain Alzheimer 
Preventive Trial (MAPT),3 the Prevention of Dementia by 
Intensive Vascular Care study (preDIVA),4 the Healthy 
Ageing Through Internet Counselling 
in the Elderly study (HATICE)5 and the 
Finnish Geriatric Intervention Study to 
Prevent Cognitive Impairment and Dis-
ability (FINGER).6 Even though, for ex-
ample, FINGER showed some positive 
cognitive effects of a 2‑year trial which 
consists of exercise, dietary, and cogni-
tive interventions in combination with 
vascular risk monitoring compared 
with general health advice, no such ef-
fects were found in the other studies. One explanation for 
these disappointing results is that the underlying biologi-
cal mechanisms of risk and protective factors are still not 
well understood. The use of inappropriate end points is 
a major limitation of most studies, including insensitive 
cognitive tests, and biomarker surrogate endophenotypes 
my lead to better results, but current biomarkers do not 
seem to be suitable for this purpose.7 

The terminology and definitions of Alzheimer disease 
(AD) and dementia are currently undergoing a trans-
formation process, which is important to define disease 
categories based on biological evidence which can be 
targeted in treatment and prevention trials. However, 
constantly changing definitions make it difficult to com-
pare studies and, at least in a transition period, make it 
more difficult to compare results. Also, there are differ-
ent definitions of prevention and it is therefore crucial to 
agree on a commonly accepted terminology and aim to 
maximize the use of sparse research funding to conduct 
better studies. The total cost of developing an AD drug is 
estimated at over 5 billion USD, compared with less than 
1 billion for cancer and the pharmaceutical industry av-
erage of under 3 billion.8 The high costs and high failure 
rate associated with AD drug development has already 
resulted in some pharmaceutical companies focusing on 
more promising fields. 

Dementia prevalence and costs

The increase in life expectancy is one of the major 
achievements of modern societies. Global health care 
systems, however, are confronted with new challenges 
due to the constantly increasing number of older peo-
ple. Age-associated chronic diseases are becoming more 
prevalent and lead to increased suffering for the affect-
ed individuals and their families and a higher financial 

burden for the communities. Dementia 
is among the most prevalent and there-
fore important chronic disorders in 
older people; most cases are related to 
AD pathology,9 but other copathologies 
such as cerebrovascular lesions also 
play an important role and dementia 
is mostly caused by a mix of different 
pathologies in people over the age of 
75 years.10 According to estimates, 47 
million people worldwide were affect-

ed by dementia in 2015 and this number is expected to 
double every 20 years (all things being equal). Therefore, 
74 million people would be affected in 2030 and over 131 
million in 2050.11 In terms of the costs of dementia, over 
1 trillion USD was spent in 2018 in the USA alone.12 Only 
15% of the costs is caused by medical care, the remain-
ing 85% is related to social and family care. New health 
care models and public health approaches may replace 
at least some of the informal care, leading to reduced 
overall costs. 

Even though dementia incidence and prevalence are on 
the rise globally, significant regional differences have 
been described, with a much stronger increase in low- 
income vs high-income countries. Currently about 58% 
of the global population live in low-income countries 
according to the WHO classification; this proportion is 
expected to increase to 63% in 2050,13 which will con-
tribute to the global burden of dementia cases. Reliable 
data show an increase in the age-associated incidence 
of dementia in lower income regions in Latin America, 
Asia, and Africa,14 whereas the incidence are stable or 
decreasing in higher income regions, such as Europe 
and the USA.15,16 Similar trend reversals are known from 
other areas of medicine, for example, cardiovascular dis-
ease, cancer, and diabetes mellitus, and are frequently 
related to improved prevention and treatment approach-
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es.13 It is important to point out though that the decreas-
ing age-associated dementia incidence and prevalence 
in high-income countries does not equal a lower overall 
number of dementia cases, which is still increasing due 
to the higher average life expectancy. 

Risk and protective factors

The observation that the overall dementia risk is de-
creasing in Europe and other more developed countries 
leads to the important question about the underlying rea-
sons.17 Similarly to other complex diseases, the etiology 
of dementia is multifactorial and determined by complex 
gene-environment interactions. Genetic susceptibility is 
innate and nonmodifiable (except for epigenetic chang-
es, which are related to environmental factors), but risk 
which is attributable to external parameters can poten-
tially be modified and targeted by lifestyle intervention 
approaches aiming at preventing or slowing neurodegen-
erative changes (or its symptoms). Many of the current-
ly known lifestyle-related risk factors of dementia are 
linked to factors such as vascular disease, obesity, and 
diabetes mellitus,18 which all are potentially amenable  
to modification. In addition to risk factors, protective 
factors are increasingly receiving attention, including 
strategies to strengthen the reserve against neurodegen-
erative diseases, for example, by enhancing physical, 
social, and cognitive activities to enhance the resilience 
against dementia-related deterioration.19 

A recently published expert consensus (The Lancet 
Commission on Dementia Prevention, Intervention, 
and Care)20 suggests that about 35% of dementia can be  
explained by a set of nine risk factors in early, mid,  
and late life, including in descending order of importance, 
hearing loss, education to a maximum of age 11 to 12 years, 
smoking, late-life depression, physical inactivity, social 
isolation, midlife hypertension and diabetes mellitus, and 
midlife obesity. The magnitude of the overall dementia risk 
conferred by the identified, potentially modifiable risk fac-
tors is striking, in particular compared with the estimated 
7% reduction in dementia incidence related to the complete 
elimination of the apolipoprotein E (APOE) ε4 allele, ie, the 
major genetic susceptibility factor for AD.21 

The list of modifiable dementia risk factors indicates 
that relatively simple measures would potentially be ef-

fective dementia prevention tools. Better schooling, for 
example, is frequently associated with lower dementia 
risk and higher reserve against cognitive deterioration. 
It has also repeatedly been shown that better school  
education offsets the detrimental effects of brain damage 
(eg, due to neurodegenerative changes)22; this effect is 
not limited to AD, but has also been shown for other de-
mentias such as frontotemporal dementia (FTD)23,24 and 
dementia with Lewy bodies,25 and other neurological and 
psychiatric disorders, including multiple sclerosis26 and 
schizophrenia.27 The concept of reserve was proposed to  
account for the repeated observation that individuals with  
certain characteristics have higher resilience against age-  
or disease-related brain changes.28

Schooling is used in many studies as a proxy measure of 
reserve because of its association with lower dementia 
risk and because it is a readily available outcome measure 
in clinical and epidemiological settings. School achieve-
ment is related to a diverse array of factors, which include 
genes, prenatal and early childhood development, socio-
economic and cultural parameters, and personality traits. 
There is also some conflicting evidence on the moderat-
ing effects of schooling on the lifetime rate of cognitive 
deterioration and some studies suggest that education  
in different life stages may have differential effects on 
sustained cognitive performance and reserve.29 Since  
education is closely associated with the performance on 
the psychometric tests which are typically used to diag-
nose dementia, better performance may simply mirror 
formal education and not the degree of reserve against 
cerebral pathology. 

Education (and related reserve proxies such as IQ or 
occupation) is influenced by characteristics of the en-
vironment.30-32 For individuals with only limited access 
to formal education, other measures (such as literacy) 
may better correspond to their educational experienc-
es.33 In many Asian and African countries, for example, 
schooling is determined by socioeconomic variables (eg, 
the parent’s income) rather than individual abilities and  
talents. Quality of education is another important aspect, 
which is not appropriately captured by a simple measure 
such as years of schooling. 

The fact that formal education is typically completed 
by late childhood or early adulthood could suggest that  
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reserve is determined early in life and cannot be modi-
fied thereafter. However, several other mid- and late-life 
factors have also been identified, which appear to provide 
reserve against neurodegeneration. Working demands a 
large proportion of an adult’s time and energy, and there 
is ample evidence that occupational attainment and cer-
tain job characteristics are associated with dementia risk. 
Intellectually demanding occupations, for example, ap-
pear to provide reserve against AD34 and FTD,35 similar 
to the musculoskeletal and vascular reserve provided by 
long-term physical activity. A large body of evidence 
confirms the link between occupation attributes and risk 
for cognitive deterioration and dementia,36 and studies 
suggest that engagement in leisure and social activities37 
may also be protective concerning future deterioration. It 
is important to mention that the beneficial effects of ac-
tive lifestyles are not limited to early and mid-life. Stud-
ies suggest that lifestyle changes in later life may also 
contribute to better cognitive outcomes.38

In addition to intellectual activities, there is evidence in 
support of the protective effects of noncognitive activ-
ities, suggesting that physically active individuals are 
at lower risk of cognitive deterioration39 and dementia40 
compared with their less active counterparts. Biomark-
er studies indicate that the beneficial clinical effects of 
physical activity can also be demonstrated on a biological 
level, for example, by providing evidence in support of 
a hypothalamic-pituitary-adrenal axis response or cere-
brospinal fluid AD marker changes in relation to aerobic 
exercise in individuals with mild cognitive deficits.41,42 
Interestingly, a decreased risk for cognitive decline has 
not only been shown for strenuous43 but also for only 
moderate physical activitiy,44,45 and it has been suggested 
that motor function per se has a reserve component too.46

Genetic structure of reserve

Lifetime environmental exposures play an important 
role in determining the individual risk for cognitive de-
cline and dementia, but nonenvironmental factors also 
have to be considered, including genetic and epigene-
tic parameters. Also, certain reserve-related factors are 
usually considered environmental, even though they are 
also influenced by genetic characteristics. For example, 
single nucleotide polymorphisms (SNP) have recently 
been discovered which are associated with education47 

and IQ.48 Maximum adult head size, estimated by head 
circumference or intracranial volume is an important 
brain structural measure of reserve, which is associated 
with the perinatal environment,49-51 but also with genet-
ic variation.52 Research on the genetic underpinnings of 
reserve has only recently been made possible by using 
genome-wide association studies (GWAS) to discover 
SNPs associated with risk and protective factors in in-
creasingly large cohorts, required to be able to identify 
genetic variants with study-wide statistical significance. 
Large national resources such as the German National 
Cohort or UK Biobank will fuel further genetic research 
in the years to come.

GWAS have helped to discover important associations 
between reserve and dementia, including that dementia 
shares a substantial genetic basis with reserve.53,54 Also, 
some of the shared SNPs appear to be related to effects 
already present in early life55 or even in utero.54 The  
importance of early-life development is underlined  
by studies showing a reduced risk of dementia and a 
smaller impact of neurodegeneration-related changes  
on cognitive performance in AD in individuals with 
larger vs smaller head size. Brain growth is largely com-
plete by the age of six years and brain size is the main  
determinant of head size56; measures related to head 
size therefore reflect brain development early in life. An 
optimal brain growth therefore appears to be import-
ant for reserve against neurodegeneration and dementia  
decades later. Brain development is affected, in addition 
to genes, by external factors such as infections,57 nutrition, 
and perinatal injury.58 Large brains may simply contain 
more large neurons or synapses, but functional advantag-
es may also play a role, such as better connectivity. But  
irrespective of the underlying mechanisms, early-life 
brain development seems to play a major role in pro-
viding reserve against age- and disease-associated brain 
changes; hence, public health measures to promote 
healthy brain growth are pivotal in terms of dementia 
prevention. 

Interventions for dementia prevention

It is important to highlight that many of the described 
protective factors are interrelated. For instance, educa-
tion and other environmental factors strongly influence 
literacy, and intelligence has a strong effect on school 
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achievements.59 The level of schooling is associated with 
occupational attainment, but occupations are also a form 
of lifelong education. Socioeconomic factors in general 
are also relevant determinants of education, occupation, 
leisure, and social activities. Individuals with protective 
lifestyles are less likely to drink alcohol and smoke and 
are more likely to be physically active and have better  
diets. Genetic factors also seem to (co) determine many 
behavioral choices such as daily physical activity,60 
smoking,61,62 and eating habits.63 This underlines that 
studying reserve-related factors in isolation may not be 
the appropriate approach. Studies need to adopt a more 
inclusive strategy, taking into consideration that epi-
demiological risk and protective factors may represent  
interrelated constructs to a certain degree.

These considerations emphasize the need for life course 
research to capture a multitude of variables from birth 
and onward. For lifestyle interventions aimed at im-
proved dementia prevention, multimodal approaches 
may be more appropriate than strategies only targeting a 
single candidate lifestyle factor. The development of ef-
fective lifestyle-modifying interventions is methodically 
challenging because of the slowly progressive nature of 
most late-onset neurodegenerative diseases, including 
AD, with a clinically silent stage over many years (or 
even decades) before the first symptoms appear. There-
fore, studies either have to run over many years, limiting 
their feasibility, or surrogate markers have to be used  
to measure effectiveness, such as imaging or other  
biological measures. So far, using surrogate endophe-
notypes as primary outcomes has not been successfully 
implemented in prevention trials, but some encouraging 
results have still been reported. 

The first nonpharmacological intervention trials emerged 
in the early 2000s. Most of them concentrated on a single 
modality, for example, testing the effects of aerobic exer-
cise, cognitive training, or nutritional counselling on rel-
evant outcomes such as vascular disease. Overall, results 
were mixed, and the field developed towards conducting 
multidomain interventions, combining the individu-
al interventional strategies which had previously been 
developed and investigated. The initial findings from 
these more recent dementia prevention studies indicate 
that multidomain interventions may offer certain bene-
fits in older individuals at risk for cognitive decline.5,64 

At the same time, findings from individual studies have 
not been consistently replicated so far in independent co-
horts, and some trials show no effects of multidomain 
approaches.65,66 Also, it is questionable whether the same 
interventions can be expected to affect different disor-
ders, for example AD and FTD. The existing data also 
does not allow differentiating between neuroprotective 
and symptomatic effects of the interventions. More bio-
logically rooted concepts are therefore needed. However, 
irrespective of the exact mechanisms, even small symp-
tomatic effects may suffice on a population level to result 
in a meaningful reduction of dementia cases.67

Conclusions

Dementia risk is determined by a complicated inter-
play of factors (both environmental and genetic), some 
of which are modifiable and amenable to lifestyle inter-
ventions. The dementia field is currently undergoing a 
major paradigm shift towards more biologically orient-
ed definitions and disease concepts (such as the 2018  
National Institute on Aging – Alzheimer’s Association 
research framework)68 and clinical trial design, includ-
ing nonpharmacological trials, will have to adapt to these 
changes. The urgent desire to develop more effective, ie, 
disease-modifying, drugs is the main driver for the con-
ceptual changes; however, some recent trials were able to 
show significant positive effects on secondary biomarker 
study end points, while at the same time failing to show 
clinically meaningful effects on cognition or daily func-
tion.69 Those studies emphasize that identifying relevant 
pathophysiological targets is important, but showing 
clinically meaningful benefits for affected or at risk of 
dementia populations is even more important. The same 
notion applies to both pharmacological and nonpharma-
cological strategies. 

There is sufficient evidence to substantiate that AD-type 
pathology is the most prevalent cause of dementia in old-
er individuals. At the same time, studies also suggest that 
the association between AD pathophysiological changes 
and cognitive performance is attenuated in the oldest- 
old.70 This suggests that other pathologies may play an 
increasingly important role as people are getting older, 
and the strict categorization of dementia subtypes based 
on the underlying pathological changes is called into 
question. On the one hand, a substantial proportion of 



58 • DIALOGUES IN CLINICAL NEUROSCIENCE • Vol 21 • No. 1 • 2019

Original article
Reserve and dementia prevention - Perneczky

seemingly “pure” AD cases have mixed pathologies at 
autopsy (cerebrovascular lesions in many cases); on the 
other hand, AD-typical Aβ plaques are frequently found 
in cognitively intact older individuals.71

Epidemiological studies highlight the importance of  
lifestyle-related and environmental protective and risk 
factors. It may be particularly important to try to im-
prove unhealthy lifestyles during midlife, with a focus on 
vascular health.72 Improved education, reduced vascular 
burden and other positive, for example societal, chang-
es during the last 20 to 30 years have probably led to a 
decreasing dementia risk. However, this claim only 
holds true for high income countries,17,73 while dementia 
incidence and prevalence are on the rise in poorer coun-
tries,14 further increasing the economic burden and ine- 
quality between the developed and developing world. 
To design and implement more effective dementia pre-
vention strategies and programs, which also involve 
low income regions, the fragmented population-based 
research landscape has to be aligned more closely.  
Research should account for the differences between global  
regions (for example concerning the educational sys-
tems) and relevant associations between dementia risk 
factors on different levels (biological, societal, psycho-
logical) have to be studied more closely. Research should 
also cross the traditional boundaries between the disci-
plines and disease entities, for example, applying similar  

approaches to study AD and other dementias or unrelat-
ed neurological and psychiatric disorders. 

Apparently, close collaboration between groups and com-
parison and contrasting of data and results will be required 
to develop more effective treatment and prevention options. 
Due to the high heterogeneity of human environmental and 
genetic data, harmonized approaches which help reduce 
unwanted variation and noise are required to make prog-
ress. The pooling of data and open access to the relevant 
resources is also key to motivate more researchers global-
ly to work together, including those who do not have the 
financial resources or infrastructure to establish their own 
cohorts. Databases such as the International Alzheimer’s 
and Related Dementias Research Portfolio (https://iadrp.
nia.nih.gov/about), which aims to collect and categorize 
information about the major funding organizations’ port-
folios, are helpful in streamlining funding strategies and 
maximizing resources to increase the positive impact of 
research on public health and to avoid duplication of activ-
ities. Such efforts, however, will need to be proceeded by 
the establishment of appropriate ethical, legal, and social 
rules and agreements accepted across regional boundaries, 
as advocated by the World Dementia Council, for instance  
(https://worlddementiacouncil.org/our-work).  
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