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Preface

�The Future of Ageing

Today, aged 40 years, you are enjoying life, your family and friends, in nice sur-
roundings. You are far from thinking that two of your three children will experience 
great change and live to be centenarians. Longevity is constantly increasing, but you 
probably don’t imagine that when your children are in their thirties, you will be one 
of two billion people aged over 60 in the world and at risk of suffering from at least 
one age-related disability.

Ageing is a fantastic opportunity, linked to outstanding progress, notably a 
decrease in infant mortality, improved hygiene, easier access to food, vaccination 
and a safer living environment, mainly related to improved socio-economic condi-
tions in many countries in the world. However, we should not forget that there is a 
clear relationship between the gross domestic product (GDP) of a country and the 
life expectancy at birth in that country, which explains why in Chad or the Central 
African Republic, for example, life expectancy at birth is still around 50, whereas in 
Monaco, life expectancy at birth is now 89 years.

How can we explain such differences, not only in longevity, but also in func-
tional ability and indeed wellness in old age? The explanations are not all that sim-
ple, as ageing is a life course process, from conception to the last days of life.

If, during your infancy and adolescence, you are lucky enough to grow up in a 
medium- or high-resource country, and you are well nourished, physically active 
and receive a good education, then you will have a greater likelihood of starting 
adulthood in excellent conditions: proud of your strength, knowledge, skills and 
multiple competences, and likely also with complete functional and financial auton-
omy. Unfortunately, the majority of young adults do not have the advantage of such 
outstanding and advantageous conditions.

After this fundamental period of growth, every adult will have to work increas-
ingly harder, obliging them to limit their physical exercise or become sedentary, 
while in parallel, they may not give sufficient priority to buccal and dental hygiene 
(see Chap. 4) and their daily diet and weight (see Chap. 5), and all too often, they 
acquire unfavourable life habits or behaviours such as smoking (see Chap. 9).

Whatever the conditions of adulthood, be they optimal or not, advancing age will 
induce insidious changes that occur silently, such as unbalanced diet (Chap. 5), a 
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gradual decrease in skeletal muscles mass, as well as in strength and function (Chap. 
6), and a reduction in physiological reserves, signalling the pre-frailty stage (Chap. 
7). These changes may also include a slight reduction in walking speed and balance 
disorders (Chap. 14), while the bones start to become fragile (Chap. 11) and the 
joints painful (Chap. 12). The convergence of these multiple conditions will lead 
(perhaps only decades later) to falls and their multiple consequences (Chap. 14). In 
parallel, depending on your level of education, job complexity and intellectual stim-
ulation, your brain’s connectivity network will modulate both cognitive ability and 
reserve—possibility in a positive way, but maybe negatively (Chap. 13).

This period at midlife, during which we are exposed to major but hidden prob-
lems, is very often completely neglected. Currently, it is well established that this 
period of life is essential to maintaining, or better still, to increasing physical, men-
tal and cognitive abilities, all of which are key factors in determining the future of 
the ageing process.

Midlife is crucial, because it includes all the personal advantages and risk factors 
linked to performance within one’s own life surroundings (Chap. 17). The various 
chapters of this book will address these issues individually and will underline how 
intervention at the midlife period can positively modify the health/functioning tra-
jectory. A growing number of randomized controlled interventions on midlife risk 
factors are clearly demonstrating the effectiveness of simple actions, such as chang-
ing life habits or behaviours, exercising regularly, choosing a better diet as well as 
controlling targeted and apparently banal risks, with a view to completely changing 
the ageing process.

This book, mainly inspired by the 2015 World Health Organization definition of 
“healthy ageing” (Chaps. 17, 18 and 20), perfectly focuses on our personal ability 
to function well. This is a revolutionary idea, since the classical concept of disease 
is now dominated by the functional theory of “daily functioning”, enabling the 
emergence of integrated care (Chap. 19), which will enable us to continue doing 
those “things that are important for each of us”, right up until the last part of our 
own life.

This theory, which is not yet routinely accepted by numerous physicians and 
organ specialists, needs to be promoted, to engage healthcare professionals to con-
sider not only a disease, but rather the person’s whole life trajectory and its conse-
quences for daily life, including wellness. This book aims to convince healthcare 
professionals that, whatever your gender and socio-economic status (Chap. 18), 
midlife health promotion and specific targeted preventive measures are essential. 
For example, one might cite such interventions as adult vaccination (Chap. 15), 
particularly for those with diabetes (Chap. 7), asthma or respiratory insufficiency 
(Chap. 8). General practitioners and organ specialists who try their best to control 
blood pressure often forget the functional consequences of their outstanding inter-
ventions, which save large numbers of lives. For example, the progress in cardiopul-
monary resuscitation and treatment of acute kidney failure has been outstanding, yet 
the survivors of such interventions too often become “ill survivors”, who will go on 
to develop heart failure, chronic renal insufficiency and the inevitable daily disabil-
ity these conditions entail (Chap. 7). Similarly, oncologists are increasingly 
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focusing on cancer prevention and high-tech long-term management of survivors to 
personalize their exams and complementary treatments (Chap. 10).

Fortunately, numerous other pathologies are easier to control or prevent at 
midlife. For instance, undergoing sight and hearing assessment at midlife is funda-
mental, as sensory dysfunctions are particularly disabling yet easy to avoid (Chap. 
14). It is also well known that the combination of overweight, hypertension and 
hypercholesterolemia at midlife is associated with a sixfold increase in the risk of 
becoming demented a few decades later (Chap. 13). Why not simply tell people at 
risk what will happen if they don’t completely change their life habits? It is also 
well established that daily intake of virgin olive oil or nuts decreases adverse cardio-
vascular events and protects against cognitive decline (Chap. 13). Mouth hygiene 
and dental care at midlife will not only make it possible to avoid respiratory infec-
tion or increasing incidental myocardial infarction, but will help to maintain taste 
and indeed better nutrient intake throughout life (Chap. 5).

Moreover, our world will continue to see extraordinary progress in high technol-
ogy, which will greatly benefit the youngest and midlife adults. The possibility of 
e-health self-assessment, with personalized life advice, and careful follow-up, will 
totally change the management of the life course in the coming years. It will enable 
ageing in the home, and ensure security, care safety, independence and communica-
tion, while providing improved well-being and avoiding frequent and costly 
institutionalization.

By acting positively all along your life course, you will become the main actor of 
your ageing process, which depends on thousands of genes whose expression can be 
modified by your culture, religion, life habits and behaviours, physical activity and 
diet. This means that we will be able to age, free of any disability and enjoying well-
being up to very old age, surrounded by a growing number of family members and 
friends in a technologically advanced society that we will have to master as soon as 
possible, whatever our age.

The comprehensive range of issues addressed in this book will provide the reader 
with a better understanding of the idea that the adult gap in preventive care is at the 
origin of preventable, age-related disability. The importance of this concept is not 
only in improving daily functioning but also in enhancing overall wellness. 
Moreover, it will be cost-effective for all societies who currently fear that ageing 
will become an immeasurable burden within a few decades.

It is never too late to become an active player in your own ageing process.

Geneva, Switzerland  
Paris, France�

Jean-Pierre Michel 
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1A Life Course Approach to Healthy Ageing

Diana Kuh

Key Messages

•	 A life course epidemiological approach to ageing studies how different capaci-
ties change across life for different populations, and whether there are periods of 
rapid change or transitions where exposures may have particularly long-term 
consequences for later life health.

•	 Those who experience socioeconomic disadvantage, or have poorer childhood 
growth or cognitive development, are less likely to survive to old age, have lower 
intrinsic capacity and a greater risk of decline.

•	 A lower level or an accelerated decline in physical and mental capacities by 
midlife is also associated with lower survival chances and a greater risk of dis-
ability and chronic disease.

•	 Promotion of healthy ageing needs to start early and continue across life.
•	 Those who take exercise, eat a healthy diet, maintain a normal weight, and do not 

smoke have a higher level of capacity and a slower rate of decline as they grow 
older.

•	 Health professionals need to consider intervening when there is accelerated 
decline and not necessarily wait until clinical thresholds are reached.

1.1	 �Introduction

The WHO is promoting a life course approach to healthy ageing [1]. This approach 
alerts us to: (1) the idea that ageing, the gradual accumulation of molecular and cel-
lular damage, occurs throughout life; (2) the importance of monitoring, investigating, 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96529-1_1&domain=pdf
mailto:d.kuh@ucl.ac.uk
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and explaining how health is maintained at each life stage, not just in old age; and (3) 
the opportunities for promoting healthy ageing across life.

The contribution of this opening chapter is to demonstrate the value of the life 
course epidemiological approach to healthy ageing. Life course epidemiology [2, 3] 
is part of an interdisciplinary life course perspective on health, development, and 
ageing that has grown strongly in recent years [4]. Such an approach extends the 
WHO healthy ageing initiative by developing an understanding of the natural his-
tory of the growth, maintenance, and decline in physical and mental (cognitive and 
emotional) capacities across life, and how social and biological factors in child-
hood, early and middle adult life act independently or interactively to impair capac-
ity leading to disability and chronic disease in later life. In this chapter, the focus is 
on the factors affecting physical capacity in early and middle adulthood, and the 
consequences of midlife capacity for later disability and disease.

From a policy perspective, the life course approach highlights when preventive 
strategies may be most effective. Early life prevention includes strategies for 
enhancing physical and mental capacities during growth and development; midlife 
prevention includes strategies for maintaining capacity for as long as possible after 
maturity by delaying the onset of decline.

Integral to a life course approach is the investigation of the impact of birth cohort, 
and lifetime social stratification (including the social relations governing the eco-
nomic structure, gender, and ethnicity), on healthy ageing and the drivers and con-
sequences of these group differences.

1.2	 �A Life Course Approach: Conceptual Framework

Life course epidemiology studies lifetime functional trajectories at three different 
levels: (1) at the individual or multi-system level where the terms physical and cog-
nitive capability are often used to highlight their key roles as hallmarks of ageing 
and to distinguish them from (2) the functions of underlying body systems on which 
capability depends [5]. Using WHO terminology, both these levels of function 
would come under intrinsic capacity, and this chapter will therefore use this term. A 
life course approach is also being increasingly applied to study (3) changes in func-
tion at the molecular and cellular levels, and how these relate to change in intrinsic 
capacity at the body system or individual levels, a key area of research.

Whether our focus is on the age-related disability and chronic diseases, intrinsic 
capacity, or the cellular and molecular mechanisms of biological ageing, we need to 
understand better how they change across life (the life course trajectory) and are 
affected by the timing and duration of exposure to social and physical environmen-
tal factors acting right across life, as well as across generations. Health at any stage 
of life depends on the ability to respond—to resist, compensate, adapt to, and 
recover from environmental challenges. These responses may take place over differ-
ent time scales: homeostasis acting over a short time scale, developmental plasticity 
across life, and natural selection over generations [6]. Big data—data intensive biol-
ogy—is providing a better understanding of the mechanisms underlying 
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homeostasis and developmental plasticity; evolutionary theories offer a broad inter-
pretative framework. Life course epidemiology studies how different capacities 
change across life, whether there are periods of rapid change or transitions where 
physical and social exposures may have more long-term consequences than at other 
times, and whether there are differences by birth cohorts, socioeconomic position, 
gender, or ethnicity. It investigates how childhood factors may affect the develop-
ment of peak capacity and how child and adult factors maintain this peak, delay the 
onset, or modify the rate of decline. It recognises that while environmental stimuli 
are required to develop and maintain capacity, other environmental exposures, often 
highly socially patterned, have long-term damaging consequences. It seeks to 
understand how those most resilient to adversities draw on intrinsic or extrinsic 
characteristics in resisting, recovering, compensating, or adapting to these 
challenges.

1.3	 �Assessing Trajectories of Intrinsic Capacity

A life course approach ideally requires cohort studies with long term, preferably 
lifelong follow-up. The UK is particularly fortunate in having a wealth of such stud-
ies; this chapter draws on examples from the MRC National Survey of Health and 
Development (NSHD) which has followed a nationally representative sample of 
British men and women since their birth in a week in March 1946, and on whom 
there is a wealth of data from 0 to 70 years [7]. Empirical evidence linking expo-
sures earlier in life to later capacity and other health outcomes initially came from 
single cohort studies like NSHD, but where sufficient studies are available, system-
atic reviews, and meta-analyses have been conducted; these provide stronger evi-
dence on which to base changes in policy and practice. Increasingly, the statistical 
power of cross cohort studies and large cohort studies is being utilised to provide 
reliable estimates of the associations between risk and protective factors acting at 
different ages and these later outcomes.

Physical capacity can be assessed by tests of muscle strength (e.g., grip strength), 
locomotor function (e.g., walking speed, timed get up and go, chair rising), balance 
(e.g., one legged stands) and dexterity (e.g., pegboard test) [8, 9]. These tests are 
commonly used in population studies, can be easily applied to a range of settings, 
and identify meaningful variation between and within individuals from at least as 
early as midlife; modification and/or substitution of these tests may be required at 
earlier ages. Similarly, tools that test the domains of cognitive function (e.g., verbal 
memory, processing speed, executive function) and those that test cardiovascular, 
lung, and immune function and other body systems relevant to ageing are readily 
available [9]. Self-reports of intrinsic capacity and functional ability are also impor-
tant to capture the lived experience and to design intervention strategies.

Evidence to date shows that lifetime trajectories of physical and cognitive capac-
ity generally show an increase in capacity during growth and development, peaking 
or plateauing at maturity, with an initial slow rate of decline across adulthood that 
accelerates later in life [10–13].

1  A Life Course Approach to Healthy Ageing
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1.4	 �Lifetime Influences on Survival to Old Age

Survival to old age can be seen as a necessary but not sufficient condition for healthy 
ageing, but still needs to be considered given that even some high-income countries 
are experiencing worrying trends in mortality and life expectancy [14, 15].

A range of social, psychological, and biomedical factors from early life onwards 
have been shown to affect the risk of premature adult mortality. For example, in 
NSHD those who grew up in manual households or had lower childhood cognitive 
ability had a higher risk of dying prematurely than their peers from non-manual 
households [16]; similar findings have been replicated in many cohort studies [17, 
18]. Of relevance to the focus of this book, lower midlife physical capacity was 
related to a higher mortality rate in NSHD [19], extending previous studies at older 
ages [20]. Lower cognitive capacity in early adulthood, also related to higher mor-
tality rates, mediated the associations between early life factors (family background, 
cognitive ability, and education) and adult mortality [21]. These findings suggest 
that building capacity in childhood and early adult life will improve later life health 
and survival chances.

1.5	 �Early and Midlife Influences on Trajectories  
of Intrinsic Capacity

In NSHD, aspects of poor physical growth, neurodevelopment (delayed motor 
development, lower childhood cognitive ability, and poorer adolescent motor co-
ordination), and early socioeconomic disadvantage have been related to midlife 
physical capacity in a series of publications (summarised in [8]). Systematic reviews 
and meta-analyses have strengthened the evidence [22, 23].

Furthermore, there is growing evidence that these early life factors are associated 
not just with the level but also the rate of decline in adult physical capacity. In 
NSHD, higher childhood cognitive ability was associated with a lower chance of 
being in a group who experienced significant decline in grip strength and chair rise 
performance in the sixth decade of life [24]. In contrast, early socioeconomic disad-
vantage was associated with a greater chance of being in this group. Additional 
assessments of grip strength at age 69 have confirmed that the association between 
lower childhood cognitive ability and lower grip strength has strengthened with age, 
whereas the pattern of associations of physical growth and motor development with 
adult grip strength have remained constant.

In addition, adult socioeconomic disadvantage and poorer cognitive function 
continue to be associated with a lower level of physical capacity and increased risk 
of decline. However, a healthy adult lifestyle—taking exercise, eating a healthy diet, 
maintaining a normal weight and not smoking—was associated with a higher level 
of capacity and a lower chance of decline in the sixth decade [25]. Maintaining 
physical activity is particularly important for physical capability when taking all the 
evidence together [26, 27].

D. Kuh
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The lifetime determinants of mental (cognitive and emotional) capacity are 
beyond the scope of this chapter. Many factors across life affect the level of adult 
cognitive capacity (including several associated with physical capacity), and there 
have been reports of a decline in age-specific dementia incidence or prevalence in 
several countries; however, identifying factors where there is strong evidence for 
preventing individual cognitive decline has been more challenging [28, 29]. This 
again highlights the importance of enhancing and maintaining mental capacity from 
early life onwards.

1.5.1	 �Cardio-Metabolic and Respiratory Function

Optimal functioning of cardio-metabolic and respiratory systems are important 
aspects of intrinsic capacity, underlying many other aspects of functional change. 
Here, there is a growing wealth of evidence, sometimes obtained by piecing 
together multiple longitudinal studies with repeated measures covering different 
periods of the life course, on the changes (including greater heterogeneity) that 
occur with age [30], their lifetime determinants, and functional and disease conse-
quences [31, 32].

For example, understanding the natural history of lung function and the devel-
opment of COPD requires a life course perspective. About 50% of COPD cases are 
due to accelerated decline of FEV1 in adult life but the other 50% already have low 
FEV1 in early adulthood [33]. Over 40 years ago, the NSHD was one of the first to 
show that infant lower respiratory tract illness, overcrowding, air pollution and 
manual paternal occupation were associated with symptoms of chronic bronchitis 
in young adulthood  [34]. Most recently, this study has shown how those who expe-
rience this early disadvantage had particularly low levels of midlife lung function 
if they took up smoking [35]. It is possible that adolescent smoking when the lungs 
are still developing prevents their recovery from earlier deficits. Those who smoke 
also have a faster decline in lung function, as do those who experience more epi-
sodes of mucus hypersecretion in early and mid-adulthood [36]. Young adulthood 
is a sensitive period for lung capacity and is an important time for tailored 
interventions.

There is a wealth of evidence that poor early growth (e.g., lower birthweight or 
ponderal index) and socioeconomic disadvantage are early determinants of reduced 
adult cardiovascular and metabolic function [37, 38]. Early disadvantage is related 
to adverse changes in adult blood pressure, partly due to the earlier and greater 
increase in adiposity among those from poorer backgrounds [39]. NSHD and other 
studies have shown that those who have an accelerated rise in blood pressure during 
early and mid-adulthood are more likely to have adverse indicators of cardiac struc-
ture and function and atherosclerosis subsequently [40–42]. Importantly, these 
associations apply to rises within the normal range of blood pressure raising the 
question of whether intervention be based on the change in blood pressure, rather 
than a clinical threshold.

1  A Life Course Approach to Healthy Ageing
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1.5.2	 �Common Mechanisms Underlying Intrinsic Capacity

There is a growing interest in understanding and potentially modifying the lifetime 
trajectories and determinants of common ageing phenotypes that underlie many 
aspects of intrinsic capacity, decline, and variation between social groups; these 
include changes in body composition, homeostatic dysregulation, and age-related 
declines in energy efficiency and in central and peripheral nervous system processes 
[13]. Similarly, a life course perspective would help further understanding of the 
molecular and cellular mechanisms that may link the epigenome, metabolome, and 
microbiome (and other -omics data) to healthy ageing.

It is equally important to maintain research and policy interest in the lifetime 
socioeconomic pathways that influence intrinsic capacity and functional ability. The 
role of lifetime body composition, particularly adiposity, on intrinsic capacity can 
hardly be underestimated, and is a good example of the need to integrate both social 
and biological approaches, supported by a wealth of evidence (e.g., [43, 44]). Here 
again, factors from early life affect the chance of maintaining a healthy weight [13, 
45]. In NSHD, there are striking differences in fat mass in the seventh decade of life, 
especially for women, by socioeconomic indicators right across life [46]. Cross 
cohort studies show how childhood and adult social inequalities in lifetime BMI 
trajectories have been maintained and the overall upward shift in these trajectories 
[47–49]. These are important trends to tackle, if we are to ensure an equal chance of 
healthy ageing for all socioeconomic groups.

1.6	 �Implications for Policy and Practice of a Life Course 
Approach to Healthy Ageing

Promotion of healthy ageing needs to start early and continue across life. Enhancing 
the development of intrinsic capacity during growth and development is essential, 
supported by strong evidence of critical and sensitive periods in early life, and by 
moral, ethical, and economic arguments to improve child health and reduce social 
inequalities. In adult life, there needs to be a greater focus on strategies that main-
tain capacity, and delay the onset and modify the rate of decline. Evidence is grow-
ing that early and mid-adulthood is a time of significant functional change when it 
may be easier to modify the trajectory than at later ages. Health professionals need 
to consider intervening when there is accelerated decline, and not necessarily wait 
until clinical thresholds are reached. We also need to identify ways to promote 
physiological, psychological, and social resilience to maintain intrinsic capacity 
and functional ability well into old age and improve the well-being of older 
people.

Acknowledgements  Thanks to Dr. Rachel Cooper, Professor Rebecca Hardy, Professor Marcus 
Richards, and Professor Yoav Ben-Shlomo for their helpful comments on an earlier draft of this 
chapter.
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2Healthy Ageing: What Is It and How 
to Describe It?

Ritu Sadana and Jean-Pierre Michel

Key Messages

•	 Two approaches to define successful ageing are analysed from literature and cita-
tion patterns from 1902 to 2015: the first reflects older adults’ views and the 
second, those of researchers and clinicians.

•	 In the first approach, older adults’ agree that ageing is a continuous, adaptive 
process, whereas what is important is the ability to do what he or she values, the 
essence of well-being. This conceptualization aligns with WHO’s definition of 
“Healthy Ageing” adopted by its Member States in 2016. It reflects a person-
centred approach, inclusive of all older adults, not only those who are disease- or 
disability-free but also defined by a clinical threshold.

•	 A standardized approach to measure Healthy Ageing, based on a tested and com-
parable way to describe it (e.g. domains), measure it (e.g. measurement modes), 
and report on it (e.g. interpretation norms), would advance global monitoring, 
research, and evidence syntheses on the impact of interventions, across popula-
tions, and over time.

•	 New methods, technologies, and tools to measure and report on intrinsic capaci-
ties (e.g. within the body-mind) and functional ability (within one’s specific 
environmental-social context) are urgently needed to better capture and identify 
the ways to optimize healthy ageing in our own environment, over the entire life 
course, and communicate to others what we value. This will provide a powerful 
and needed alternative to disease- and organ-based descriptions.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96529-1_2&domain=pdf
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2.1	 �Introduction

In 2016, more than 3000 new scientific papers were devoted to “Healthy Ageing” 
and more than 500 were focused on “Successful Ageing.” Trying to digest this pro-
lific literature highlights the current confusion surrounding the exact meaning of, 
and ways to operationalize and measure these two terms. Two recent publications 
contribute to the current understanding of these concepts.

The first innovative contribution, by Kusumastutia and colleagues [1], offers 
insight on intellectual origins, as it reviews all papers on “successful ageing” from 
1902 to 2015, within the Web of Science Core Collection Database. By using the 
CitNetExplorer software, and visualizing outcomes using timeline-based citation 
patterns, the analysis differentiates two distinct citation networks:

•	 The first, called the Havighurst cluster, contains 1146 publications and 3946 cita-
tion links, and focuses on successful ageing from the perspective of older per-
sons themselves. Across the lifespan, the Havighurst cluster highlights the 
importance of the continuous, adaptive processes that adults undergo to modify 
their goals in the face of losses that are often gradual [1].

•	 The second, called the Katz cluster, has 609 publications and 1682 citation links. 
It views successful ageing primarily from the perspective of measurements as 
determined by researchers, often clinicians. According to this view, to be suc-
cessful, older persons’ functioning is assessed based on criteria and predeter-
mined cut-points, usually dichotomous [1].

A recent analysis of the English Cognitive Function and Ageing Studies [2] illus-
trates the ongoing implications of the Havighurst–Katz distinction, that make it diffi-
cult to compare and interpret measures that reflect these distinct perspectives. The 
issue is which perspective should be privileged to better understand healthy ageing? 
Jagger et al. compare results from 1991 and 2011 of three health measures (general 
self-reported health; Mini Mental State Examination; and disability in activities), with 
health expectancies reflecting the age- and sex-specific prevalence of each health 
measure, in populations aged 65 and over in three English towns, Cambridge, 
Newcastle, and Nottingham. They report gains in life expectancy at age 65 (i.e., 
4.5 years for men and 3.6 years for women) were equivalent to gains in years free of 
any cognitive impairment (4.2 years for men and 4.4 years for women) as well as 
further decreased years with mild or moderate-severe impairment. However, gains in 
disability-free years (2.6 years for men and only 0.5 years for women) were much 
smaller than gains in years with excellent or good self-reported health (3.8 years for 
men and 3.1 years for women), mostly due to increased mild disability [2]. Reflecting 
on these results from one study in a high-income country, the authors discuss these as 
evidence of absolute and relative compression, or at least equilibrium, of impairments, 
general health status, or disability, given increasing life expectancy in England.

However, that a difference exists between “disability-free” and “excellent-good 
health” years gained is not surprising, as the gap probably reflects the Havighurst–
Katz distinction, e.g., between researchers’ predetermined criteria for disability free 
(that requires a very high level to be “free” resulting most likely in an under-estimation 
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of gains) and the general health status reported by the same participants (where older 
adults may report experiencing good health, or even good “well-being,” regardless of 
their clinical condition, impairment, or disability) [3]. Some have labelled this phe-
nomenon as “the disability paradox” [4]. However, as people age, it may be that 
“healthy ageing” reflects peoples’ capacities and what they are enabled to do, and 
external assessments of impairment or disabilities should not be the basis to determine 
whether an individual is “successful” in older age.

This leads to the second publication in 2015, the WHO World Report on Ageing 
and Health [5], as it takes this person-centered approach, and proposes a new, more 
realistic and pragmatic concept of “Healthy Ageing.” It also puts forth the impor-
tance of a public health response to ensure that the needs of older adults are met.

With this introduction, this chapter outlines briefly the progression of ideas, 
terms, definitions, and possible interpretations of what makes up “good” ageing 
from the latter half of the past century to the introduction of the WHO definition of 
“Healthy Ageing.”

2.2	 �Brief Summary of the History of the “Ageing Concept”

The first key element in this short history is 1948 when WHO Member States 
adopted a new definition of health as “a state of complete physical, mental and 
social well-being and not merely the absence of disease or infirmity” [6]. The 1986 
Ottawa Charter for Health Promotion, built on the progress made through the 
Declaration on Primary Health Care at Alma-Ata, and further specified that to 
“reach a state of complete physical, mental, and social wellbeing, an individual or 
group must be able to identify and to realize aspirations, to satisfy needs, and to 
change or cope with the environment” [7]. These fundamentals should be under-
stood in the context of “health as the capacity to love and work” [8]; and the impor-
tance of “happiness, harmonious relations and security of all peoples” [6].

A second element is that health at both ends of the spectrum of life may be more 
closely related than previously thought. The life course approach [9] connects broader 
social, political, and environmental determinants of health, including the organization 
and effectiveness of health and other social systems, to health outcomes, across all 
critical life stages [refer to D. Kuh’s chap. 1]. Along with genetic variation, the impact 
can explain the wide variations in the rate of ageing [10], in terms of declining capaci-
ties [9] eventually resulting in frailty, disease, disability, and death [11].

Although the promoting and maintaining of intrinsic capacity is a priority from 
a medical perspective, evidence indicates that what is more important to the indi-
vidual, particularly older adults, is functional ability that enables a person to do 
what he or she values, the essence of well-being [7, 8], the third element. Specifically, 
WHO defines functional ability as “the health related attributes that enable people 
to be and to do what they have reason to value. It is determined by the intrinsic 
capacity of the individual (i.e., the combination of all the individual’s physical and 
mental capacities). Intrinsic capacity at any point in time is determined by many 
factors, including underlying physiological and psychological changes, health-
related behaviors, and the presence or absence of disease.

2  Healthy Ageing: What Is It and How to Describe It?
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Objective well-being includes people’s living conditions and their opportunities 
to realize their potential, which in principle should be equitably distributed among 
all people, including older adults. Moreover, three components make up subjective 
well-being: eudemonic well-being—self-perceptions of autonomy, competence, 
purpose of life, locus of control; positive and negative states—experience of joy, 
happiness, anxiety, sadness; and life evaluation—a reflective assessment [12]. 
Well-being is more than just physical health or objective living conditions, as it 
carries strong connotations of happiness, but also of hedonism [13].

Moreover, the benefits of maintaining “good health” well into old age include 
reduced dependency and healthcare costs [14]. “Good health” will allow older peo-
ple to continue participating productively in society, and to put to good use the many 
advantages older adults can offer, such as their stability, a heightened ability to man-
age conflicts, and their consideration for other age groups [14].

Since mid-twentieth century, the number of attempts to name, define, conceive, 
and measure the process of ageing across the life span has been impressively diverse 
(see Table 2.1). Even when limited to literature mostly from Western and higher 
income country settings, different concepts and definitions reflect distinct view-
points, norms, and values, as well as differences in the approach to measurement 
and interpretation [1].

Table 2.1  Key concepts in a brief history of the ageing concept (see also Martin et al. [15])

Basic healthy ageing 
definition

General condition of ageing of a person’s mind 
and body, usually meaning freedom from illness, 
injury, or pain

Ego integrity vs despair 
(1950)

Subjective evaluation of one’s life as having 
been a fulfilling and satisfying one

Erickson [16]

Activity theory (1961) Maintaining middle-aged activities and attitudes 
into later adulthood

Cumming and 
Henry [17]

Disengagement theory 
(1961)

Desire and ability of older people to disengage 
from active life in order to prepare themselves 
for death

Cumming and 
Henry [17]

Successful ageing (1961) Conditions promoting a maximum of 
satisfaction and happiness

Havighurst [18]

Successful ageing (1963) Having inner feelings of happiness and 
satisfaction with one’s present and past life

Havighurst [19]

Index of activities of 
daily living (ADL) 
(1963)

Systematic approach to measuring physical 
performance in a population of older or 
chronically ill persons

Katz et al. [20]

Ageing successfully 
(1972)

Coping style, prior ability to adapt, and 
expectations of life, as well as income, health, 
social interactions, freedoms, and constraints; 
coalescence of personality which plays into the 
enormous complexity of successful ageing

Neugarten [21]

Successful ageing (1987; 
1998)

Interplay between social engagement with life, 
health, and functioning for a positive ageing 
experience (low probability of disease and 
disease-related disability)

Rowe and Kahn 
[22, 23]
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Table 2.1  (continued)

Basic healthy ageing 
definition

General condition of ageing of a person’s mind 
and body, usually meaning freedom from illness, 
injury, or pain

Selective optimization 
with compensation 
(1990)

(a) Selective adaptation and transformation of 
internal and external resources (b) optimization 
and compensation (c) maintenance of function, 
maximizing gains and minimizing losses

Baltes and Baltes 
[24]

Productive ageing (1990) Any activity by an older individual that 
contributes to producing goods or services, or 
develops the capacity to produce them (whether 
or not the individual is paid for this activity)

Butler et al. [25]

Active ageing (2002) Active ageing is the process of optimizing 
opportunities for health, participation, and 
security in order to enhance quality of life as 
people age

WHO [26]

Civic engagement (2004) Need to involve older adults in the community, 
create opportunities for participation, and 
generate further interest in the mutual benefit of 
participation for community beneficiaries and 
participants

GSA [27]; 
Martinson et al. 
[28]

Gerotranscendence 
(2005)

Legacy building and existential concerns 
allowing old age to possess its own meaning and 
character

Tornstam [29]

Healthy ageing (2006) Optimizing opportunities for good health, so 
that older people can take an active part in 
society and enjoy an independent and high 
quality of life

Swedish National 
Institute of Public 
Health [30]

Cultural aspects of “good 
ageing”(2007)

Different cultures have different understandings 
and interact in different ways to promote or 
detract from a “good old age”

Fry et al. [31]

Successful ageing and 
diseases (2009)

Successful ageing may coexist with diseases and 
functional limitations if compensatory 
psychological and/or social mechanisms are 
used

Young et al. [3]

Cognitive and emotional 
aspects of successful 
ageing (2010)

There is a gulf between researcher and lay 
definitions—the former describes freedom from 
disease and disability, and the latter focuses on 
adaptation, meaningfulness, and connection

Jeste et al. [32]

Healthy and active 
ageing (2011)

The process of optimizing opportunities for 
health to enhance quality of life as people age 
and grow old

European 
Commission [33]

Resilient ageing (2014) The process an older person endures beyond 
physical, psychosocial, or cognitive adversity, 
through protective factors that influence the 
attributes of coping, hardiness, and self-concept, 
in the person’s quest towards quality of life

Hicks and Conner 
[34]

Healthy ageing (2015) Healthy ageing is more than just the absence of 
disease; it is the process of developing and 
maintaining the functional ability that enables 
well-being in older age

WHO [5]

2  Healthy Ageing: What Is It and How to Describe It?
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Bearing in mind all these interacting factors, approaches to the concept of ageing 
have evolved from the disengagement theory promoted in the 1960s [17], towards a 
more “positive gerontology” approach, which really took off in the late 1980s [22]. 
Currently, the WHO’s 2015 definition of “Healthy Ageing” [5] appears to be most 
realistic, and considers continuous, trajectories of health across the life course, 
rather than a focus on chronologic age or a threshold for good ageing [10]. It is also 
more realistic as it is inclusive of all older adults, in contrast to “successful ageing” 
or “anti-ageing” discourses that focus on elimination of disease or ageing processes. 
It is also more visionary, as it recognizes all older adults, irrespective of their level 
of intrinsic capacities, can be supported to have a good level of functional ability.

2.3	 �The New WHO Definition of Healthy Ageing

In the preface to the first World Report on Ageing and Health, WHO’s Director-
General clearly states that “healthy ageing is more than just the absence of disease” 
[5]. The new definition of Healthy Ageing proposed in the Report and in the first 
WHO Global Strategy and Action Plan on Ageing and Health [35], unanimously 
endorsed by all WHO Member States during the World Health Assembly in May 
2016, is “the process of developing and maintaining functional ability that enables 
well-being in older age.” While the definition reflects what older adults value, the 
approach to classify, measure, and improve it is linked to the WHO International 
Classification of Functioning (ICF) [36, 37], as it recognizes the ongoing interaction 
between an individual and their environment:

•	 Each individual has their own “intrinsic capacity,” resulting from the complex 
interaction between their genetic inheritance, personal and health characteristics, 
including age-related physiological changes, risk factor accumulation, and 
impact of acute or chronic clinical conditions. Indeed, personal intellectual 
potential, as well as psychological adaptation and resilience across the life 
course, modify capacity. In summary, “intrinsic capacity” is the composite of all 
individual, physical, and mental capacities.

•	 Each individual lives in a specific environment, that can change over time, and is 
highly dependent on political, economic, and social norms, values, and resources, 
including the extent that societies promote equal opportunities, prevent inequi-
ties, and combat ageism, and indeed, ensure access to affordable health and 
social systems. The close interactions between intrinsic capacity and environ-
mental characteristics (including surroundings itself and support) combine to 
determine “functional ability.”

Moreover, differences in older adults’ health and illness experiences to a large 
extent reflect accumulated inequalities across peoples’ lives. When unfair, these are 
called health inequities, and are considered “avoidable, unfair and unjust” and exist 
within and across countries, from high to low resources settings [refer to R. Sadana’s 
chap. 18].
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The implication is that the life span trajectories of intrinsic capacity (IC) and 
functional ability (FA), which can be similar during the first part of life in a hospi-
table environment, start to diverge in midlife with the impact of accumulated deter-
minants of health, and the onset of declines in intrinsic capacities. The increasing 
decline in intrinsic capacity with time is more or less compensated by support and 
surroundings reflecting a person’s specific environment. Yet an imbalance between 
the needs of an individual and an environment that does not address, fulfill, or com-
pensate these needs, partly contributing to care dependence and resulting in 
decreased functional ability and overall well-being.

The World Report on Ageing and Health, and the accompanying Global Strategy, 
outline evidence and actions towards optimizing intrinsic capacity and functional 
ability particularly during the second part of life, allowing older adults to do things 
that are important for them [5].

This innovative life course approach is extremely interesting because it brings 
together in a single public health concept both previously described perspectives on 
ageing, namely the viewpoint of older adults and the clinician-researchers’ 
approaches to address important declines or care dependency, through its public 
health framework [1] (see Fig. 2.1).

Figure 2.1 illustrates conceptually that when considering the population as a 
whole, IC and FA can vary across the second half of the life course. Trajectories 
reflect a continuous phenomenon and can be divided into three common periods: a 

High and stable capacity Declining capacity Significant loss 
of capacity

Functional
ability

Intrinsic
capacity

Manage advanced
chronic conditions

Ensure
a dignified late life

Remove barriers to
participation,compensate for loss of capacity

Reverse or slow
declines in capacity

Prevent chronic conditions
or ensure early detection
and control

Promote capacity-enhancing behaviours

Health services:

Long-term care:

Environments:

Support capacity-enhancing
behaviours

Fig. 2.1  Public health framework for Healthy Ageing: opportunities for action across the life 
course, reproduced from WHO 2015
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period of relatively high and stable capacity, a period of declining capacity, and a 
period of significant loss of capacity. These periods are not defined by chronological 
age and trajectories are not necessarily monotonic (i.e., continually decreasing). 
Distinguishing between IC and FA is necessary in order to understand if levels, 
distributions, and trajectories of functioning are due to changes in the individual or 
the environments they inhabit. It is also necessary in order to document what can be 
done to improve IC and FA for individuals, groups or populations, involving differ-
ent policies, sectors, and interventions.

The WHO Global Strategy and Action Plan and other recent publications out-
lines several strategic areas to transform the health services delivery systems from 
disease-centered practice to a more integrated conception of care from birth to very 
old age, coordinated across providers, favoring the highest intrinsic capacity and 
indeed functional ability, by placing functioning evaluation and maintenance as the 
first priority [38].

Two major questions emerge from this concept: the first is, what public health 
approach can be used to achieve the appropriate system of health and social care 
(see the WHO Report) [5]. This includes how best to design and evaluate interven-
tions to facilitate healthy ageing and decrease/delay if not reverse the declines in 
capacity or ability, which are the two sides of the same coin. Numerous intervention 
studies have been performed, but have all focused on specific aspects of ageing [39] 
and not on the whole integrated process, which would be more in line with the new 
concept of healthy ageing [40–45]. The second is how can we measure the life tra-
jectories of intrinsic capacity and functional ability, discussed next.

2.4	 �Measurements of Ageing: Towards  
a Standardized Approach

This issue remains unresolved. The approach to measurement should reflect the 
concept, agreement on how to operationalize it, and then identify specific measures, 
tests, questions, assessments, etc., that yields valid and reliable results, fit for pur-
pose, for each life stage, and across the life course. Given the Havighurst–Katz 
distinction, it is not surprising that current efforts to assess health outcomes for 
older adults draw on four categories: items reflecting the WHO definition of health 
and well-being; symptom oriented or considered indicative of illness or morbidity; 
on fulfilling or performing functions, activities, or roles (such as activities of daily 
living—ADLs or IADLs); and those concerned with adaptation or coping with con-
ditions or limitations [46]. Many standardized instruments exit, whether for the gen-
eral population, specific diseases or condition, or specific population sub-groups, 
including older adults. Most combine information on biomarkers, measured tests, 
capacity to perform tasks, and subjective evaluation. Data collected through these 
instruments are often presented as multiple dimensional profiles. An overview of 
ten recent approaches to assess older adults (see Table 2.2) illustrates each uses dif-
ferent domains, with different elements listed within each domain. Not shown is 
that each includes different items, recall periods, response scales, and proposed 
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cut-offs to categorize individuals. None listed have produced sufficient assessments 
that would document trajectories across the entire life course, or link clinical assess-
ments with community- or population-based monitoring.

However, the many high quality longitudinal studies such as those within the 
Health and Retirement Studies family [56] in a growing number of countries offer 
an opportunity to help the scientific community to better apprehend the complex 
interactions and challenges of human ageing, whether at the individual or popula-
tion level [57–59]. Nonetheless, the different measurement approaches used to 
describe and assess ageing do not enable a clear assessment of progress in a compa-
rable way over time or across countries [1]—this is very disappointing.

This is so as currently there is no reference criterion for assessing healthy ageing 
[52]. Consequently, it is difficult to conduct and compare research and descriptions 
of ageing across studies [60]. In order to agree on ways to describe, measure, ana-
lyze, and monitor IC and FA, each concept requires further clarification, including 
a description of what are its components (see Box 2.1), pathways to optimize each 
across the life course, measurement approaches, and useful metrics to monitor and 
communicate progress.

Innovative approaches and technologies are urgently needed to conceive new 
tools to enable us to better capture what happens to our body in our own environ-
ment, where we live, over the whole life course, and communicate to others what we 
value. This information will allow individuals to play an active role in preserving 
their capacities and abilities, become actors of health promotion and care manage-
ment, and make decisions informed by what they value.
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Box 2.1
Previous efforts within WHO to measure health through multi-dimensional 
profiles have been guided by the following key criteria:

•	 valid in terms of intuitive, clinical, and epidemiological concepts of health
•	 linked to the conceptual framework of the ICF International Classification 

of Functioning, Disability and Health
•	 amenable to self-report, observation, or direct measurement
•	 comprehensive enough to capture the most important aspects of health 

states that people value
•	 cross-population comparable
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3Midlife Prevention for a Healthy Mouth 
and Dentition

Frauke Müller

Key Messages

•	 A healthy mouth and dentition are integral part of the general health and 
well-being.

•	 The major oral diseases that occur in adult persons are chronic, progressive, and 
cumulative over the course of life.

•	 Causes for oral disease are closely related to lifestyles, which include a diet rich 
in sugar, and the use of tobacco and consumption of alcohol.

•	 Oral health, tooth loss, and the ageing process are often overshadowed by the 
social determinants of health, be it the level of education or socio-economic 
status.

•	 Despite progress in prevention and treatment techniques, oral disease remains a 
major public health burden.

3.1	 �Introduction

A healthy mouth and dentition are integral part of the general health and well-being 
[1]. The major oral diseases that occur in adult persons are chronic, progressive, and 
cumulative over the course of life. Causes for oral disease are closely related to 
lifestyles, which include a diet rich in sugar, and the use of tobacco and consump-
tion of alcohol [2]. Oral infections, especially periodontal diseases, may negatively 
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impact the general health, and associations with cardio-vascular disease, diabetes, 
premature birth, and bacterial pneumonia have been reported [3]. The recent trend 
of retaining a full or partial natural dentition until late in life has been welcomed as 
a sign of improving dental health, but a high prevalence of caries, periodontal dis-
ease occur along with tooth retention and continue to be a considerable public health 
challenge [4]. Other diseases of the oral tissues comprise a large range of mucosal 
conditions, as well as oropharyngeal squamous cell carcinomas, of which the preva-
lence steadily increases beyond the age of 60 years [5]. Finally, oral health, tooth 
loss, and the ageing process are often overshadowed by the social determinants of 
health, be it the level of education or socio-economic status. Major oral diseases 
affect primarily persons who are poor, disadvantaged, and/or socially deprived. 
Despite progress in prevention and treatment techniques, oral disease remains a 
major public health burden. It is important to integrate oral health into global health 
agenda using the common risk factor approach [6]. Although health promotion and 
disease prevention should be addressed in a global a multidisciplinary approach, 
this chapter will focus on the individual midlife measures, that any person could 
adopt to prevent oral disease and maintain oral health until late in life.

3.2	 �What Effect Has Physiological Ageing  
on the Orofacial System?

Most structures and functions of the orofacial system are subject to ageing, and this 
process is general, irreversible, and progressive. All orofacial muscles will atrophy 
and become thinner, especially when not trained regularly, due to tooth loss or poor 
dental restorations. For example, the masseter muscle, which is one of the main jaw-
closing muscles, will lose 40% of its muscle bulk over the lifetime [7]. The ageing 
processes in the muscles include also the motor units, which become larger as indi-
vidual motor fibres disappear and some muscle fibres are adopted by neighbouring 
motor units, hence the mandibular movements and the corresponding closing trajec-
tories become more erratic. The salivary glands will lose some of their acinary cells, 
which are replaced by connective tissues. Consequently, the maximum amount of 
saliva produced is diminished with age. Saliva has several very important roles: it 
moistens the oral cavity, helps initial digesting of food and wrapping it to a coherent 
bolus which is safe for swallowing. It further buffers the pH in the mouth and dilutes 
tastes. Another function of the saliva is the protection of the mucosa and teeth. 
Saturated with calcium phosphate, saliva has the capacity to remineralize initial 
carious lesions and render a filling therapy unnecessary. Saliva from the parotid 
gland can be stimulated by unilateral chewing, but the maximum amount produced 
is declining with age. Nevertheless, the amount of saliva that is necessary to keep 
the mouth healthy should still be available in healthy elder adults. The high percent-
age of elder persons who perceive the sensation of a dry mouth is more related to 
underlying pathology or the side effects of their treatment [8]. With age, the oral 
mucosa becomes thinner and more vulnerable to mechanical injury. Major signs of 
ageing concern also the nervous system, which presents in elders with a reduced 
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neuroplasticity. This implies that any changes in the oral cavity, like new dental 
prostheses, are less quickly adapted and the CNS struggles to create new motor pat-
terns which corresponds to the novel restoration [9]. Ageing also touches the motor-
coordination, including the complex motor patterns that are required for the 
swallowing reflex. About one third of elders present with swallowing disorders. 
Other age-related changes of the orofacial system concern the bony tissues, which 
present with a thinner cortical bone and a flattened articular tuberculum in the 
temporo-mandibular joint. The latter is present in elders with more degenerative 
diseases and more freedom in movement, along with the loosening of the ligaments. 
Last but not least, physiological ageing concerns also the natural dentition. Aged 
teeth appear darker, with a rather mat surface and show irregularities, signs of wear 
and attrition [10]. The pulpal chamber becomes smaller as secondary dentine is 
produced, which lowers the sensory threshold to thermal, nociceptive, and mechani-
cal stimuli. From a functional point of view, the teeth become more brittle and less 
resistant to traumas such as preparation for crowns or the load from a partial den-
ture, when they serve as abutment teeth. Teeth are meant to last for a lifetime, and 
although the prevalence of tooth loss increases with age, this is rather due to an 
accumulation of sequelae from periodontal disease and caries over the life course.

3.3	 �Oral Health Challenges in Old Age

The most prevalent oral conditions in old age remain coronal and root caries as well as 
periodontal disease, and all of them foster tooth loss when left to progress without 
treatment [2, 11]. Tooth loss impairs most oral functions, especially the chewing effi-
ciency, which leads, often unconsciously, to the adoption of an unhealthy diet, as food 
choices are limited to what is easy to chew with few natural teeth and/or dental pros-
theses [12]. The daily calorie intake is often assured by a diet rich in refined carbohy-
drates and sugar, which provides the required calories, but lacks important nutrients 
like protein, vitamins, and calcium [11, 13]. Malnutrition renders elderly persons more 
frail and prone to disease. In old age, an elevated BMI is in general associated with a 
low morbidity and mortality [14]. However, the association between weight and dental 
state is not a direct one, as diet is strongly dominated by habits and taste preference. 
Improving the chewing efficiency could only indirectly improve the nutritional state, 
by allowing for the intake of a larger range of food stuffs, by providing the ability to eat 
unmixed, appetizingly looking dishes and by fostering meals in company of others, 
which leads to a 20% increased intake of calories [15]. Improving the dietary intake 
after a dental restoration with an improved chewing efficiency is not automatic, nutri-
tional counselling is necessary to benefit from the dental intervention [16].

Another oral health challenge in old age arises from chronic diseases or their 
treatment. According to the WHO report on ageing, the seven most common chronic 
conditions in old age are cardio-vascular disease, cancer, respiratory diseases, dia-
betes, cirrhosis of the liver, osteoarthritis, and neurocognitive disorder [17]. Whereas 
diabetes has a direct negative effect on periodontal health, other diseases have a 
rather indirect effect on oral health, be it through the intake of medications, 
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radiation, or chemotherapy. An undesired effect of these medications may be the 
sensation of a dry mouth, leading to problems in chewing, swallowing, speaking, 
denture wearing, and sensitivity of the mucosa [8]. When natural teeth are still pres-
ent, a high risk of caries and an increase of abrasion are associated with a lack of 
saliva. An impaired oral health may also arise from the difficulties to perform the 
required oral hygiene measures, as for example in osteoarthritis and stroke, or the 
cognitive decline and dyspraxia as in neurocognitive disorders such as dementia.

3.4	 �Oral Hygiene in Old Age Is Often Poor

Oral hygiene is often poor in old age, and several reasons may account for this phe-
nomenon [18]. Physiological ageing, which deteriorates vision, tactile sensitivity, 
smell and dexterity, becomes impaired in elders, even when ageing in good health. 
These physiological impairments render the performance of oral hygiene measures 
difficult. Adequate tools, like toothbrushes with thickened handles, a magnifying 
mirror and glasses or special tools for denture cleansing may help improving oral 
and denture hygiene, but their prevalence is low, and their use is not widespread 
custom. The natural full dentition of a young adult has a morphology that fosters 
self-cleaning of the oral cavity during chewing. The interdental spaces are filled 
with gingival papillae, and the teeth are shaped in a way, that food glides into the 
oral vestibule, thus protecting the delicate gingival margin from food impaction. 
The palate presents with rugae, which helps pushing the food into the tongue in a 
way that enables the taste sensation from the gustatory papillae, which are located 
in the depths of the tongue surface. Palatal rugae also help cleaning the tongue by 
providing a rough surface against which the tongue can rub against for cleaning. 
With time, sequalae of dental disease accumulate, and often the interdental papillae 
present recessions leaving the morphology of the dentition with niches where food 
and dental plaque can adhere without being disturbed by the cheek or the tongue 
(Figs. 3.1 and 3.2). Another age-related factor is the use of lower muscles forces 

Fig. 3.1  Spaces between 
the incisor teeth indicate a 
loss of anchorage of the 
teeth in their bony sockets 
due to a chronic 
periodontal disease. 
Between the lower 
incisors, massive dental 
plaque has accumulated
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during mastication, such as the tongue, cheek, and lip forces, which lead to a lower 
self-cleaning of the oral cavity during mastication. Oral hygiene may also become 
painful when medication-induced hyposalivation renders the oral mucosa sensitive 
and painful, as the protective and repairing effects of saliva are missing. This pain 
exacerbates under radio- or chemotherapy as used in treating cancer.

Another reason for poor oral hygiene may be a shift in priorities, when chronic 
diseases and functional impairment dominate daily life. Last but not least the with-
drawal from social life implies a diminished pressure for a well-tended appearance, 
including a “fresh breath”. When living an institutionalized context, with little 
social interaction, and often little “secret” about the presence of a removable pros-
theses, the threshold to not wearing a (potentially uncomfortable) prosthesis or to 
not brushing the teeth is low.

3.5	 �What Preventive Measures Can Be Implemented 
in Midlife to Facilitate a Healthy Mouth and Dentition 
Until Late in Life?

In oral health, more than in any other discipline of medicine, prevention is the key 
to healthy oral ageing. Many oral diseases have known risk factors, or at least strong 
associations are reported. Although a public health approach to prevent oral disease 
has been recommended earlier in this chapter, there are a number of individual pre-
ventive measures, which any midlife adult person could adopt.

3.5.1	 �Alcohol and Smoking

Smoking and alcohol abuse are well-documented risk factors for oral cancer, and in 
addition, the oral squamous cell carcinomas have an increasing prevalence beyond 

Fig. 3.2  Signs of ageing 
will always occur in a 
dentition, but teeth are 
meant to last for a lifetime
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the age of 60 years. Smoking is equally a recognized risk factor for periodontal 
diseases, be it the acute necrotic ulcerative gingivitis, also called “Gauloise-type”, 
or the rather chronic forms of adult periodontal disease [19]. Smoking cessation is 
also recommended when implant placement is planned, as implant survival shows 
lower rates in patients who smoke.

3.5.2	 �Diet

Diet also plays a role in prevention of oral diseases. A diet low in calcium and vita-
mins may negatively impact the periodontal health and finally lead to tooth loss. The 
most efficient prevention for coronal and root caries is a diet low in sugar and acids. 
It is the combination of sugar, bacteria, and certain host factors that trigger the 
demineralization of the dental enamel. If left untreated, the acids are creating cari-
ous cavities, which progress rapidly towards the dentin, once the densely mineral-
ized enamel is trespassed. When finally reaching the pulp, vivid pain signals the 
infection, which can penetrate through the apical foramen and spread to the alveolar 
bone.

3.5.3	 �Oral Hygiene

The most well-documented prevention in dentistry is the removal of oral biofilm, 
which forms with time on hard objects, such as teeth and dentures in the oral cavity. 
Oral biofilm consists of micro-organisms and their products embedded in an inter-
cellular matrix. Regular disruption of biofilm is imperative for prevention and man-
agement of oral diseases, although genetic factors, as well as the individual 
composition of the oral microbial flora may equally play a role. Professional oral 
hygiene cleans the oral cavity beyond what is possible with personal oral hygiene 
measures. Tartar is mostly located opposing the glandular output, that is vestibular 
of the upper first molar and lingual of the lower incisors. It is supra-gingivally 
located calcified dental plaque, which cannot be removed by simple tooth brushing. 
Similarly calcified deposits are located on the root surface within gingival pockets, 
which can also not be removed by means of a tooth brush. Scaling and root planning 
with special ultrasound tools or sharpened instruments are used to remove these 
deposits from the periodontal pockets and the infected cementum from the root 
surface, which subsequently allows the inflamed gingival tissues to heal.

3.5.4	 �Application of Fluoride

The development of carious lesions is based on a process of demineralization of the 
dental enamel. Application of fluorides strengthens the enamel against the attacks of 
acids produced from bacteria out of sugary substrates. Various forms of fluoride 
application exist, with water fluoridation being the first population-based approach 
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that proved successful in the reduction of caries. Contemporary standard tooth-
pastes contain 1450  ppm of fluoride, but stronger concentrations exist with 
5000 ppm, a formula that is available only on prescription. The latter toothpastes are 
used for a 3–6 months period to prevent root caries and even inactivate existing 
active root caries lesions. Other forms of fluoride application comprise varnishes, 
gels, and mouth rinses, mostly applied during professional oral hygiene sessions.

3.5.5	 �Prevention of Technical Failure

When dental restorations, be they fillings, crowns and fixed bridges or removable 
partial or complete dental prostheses are present, regular technical check-ups are 
part of the recommended preventive scheme. These check-ups aim to examine 
whether the dental prostheses efficiently fulfil the restoration of oral functions with-
out any harm to the orofacial system, but also investigate the integrity of the mate-
rial, abrasion, surface roughness, porosity, corrosion, fissures, and defects. Fillings 
with over-contoured borders foster adhesion of biofilm and hence the development 
of carious lesions at the tooth-filling interface. These restorations need to be cor-
rected or replaced, in order to improve the self-cleaning morphology of the denti-
tion. Prevention in midlife adulthood comprises a comprehensive assessment of the 
viability of the residual dentition and its dental restorations, with the perspective of 
a future functional decline, which may render the cleaning of a less than perfect 
restoration impossible, even when in midlife adulthood, the challenge can still be 
effectively managed. Given the possibility of biological and pathological complica-
tions in old age, it seems reasonable to prevent as much as possible technical failure 
of dental restorations by using state-of-the-art techniques and well-documented 
biomaterials.

3.5.6	 �Uptake of Dental Services

Periodic recall at the dentist and professional oral hygiene, performed by a dental 
hygienist or another trained dental professional, contributes to preventing oral 
disease. These recall visits serve screening of the oral mucosa for cancer or other 
diseases, but aim also for the detection of initial caries and the examination of the 
periodontal tissues for clinical signs of inflammation, notably swelling, bleeding, 
redness, and increased periodontal pocket depth. If dental restorations are already 
present, these need regular maintenance to remain in function and not present 
niches or surface defects. Check-ups further comprise the assessment of the firm 
seating of a prosthesis and the occlusion between the upper and lower teeth to 
assure oral comfort and prevent dysfunction of the temporo-mandibular articula-
tions. The recall intervals are determined according to the individual risk of the 
patient, be it an elevated risk for caries or periodontal disease, chronic diseases, 
medication intake, lack of saliva, radio- and chemotherapy, and/or the presence 
of dental restorations. Preventive measures also largely depend on the functional 
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independence and cognitive performance of the patient. In midlife adulthood, 
prevention consists of instruction and motivation for oral hygiene. In slightly 
dependent elders, this extends to supervision and control, and when further func-
tional decline occurs prevention comprises the assistance for oral hygiene mea-
sures. Once a person’s autonomy is lost, the responsibility for oral hygiene 
measures lies with the caring staff, who performs the necessary gestures on 
behalf of the patient.

3.5.7	 �Oral Health Care Plan

In midlife, well before the onset of frailty, but at latest at a pre-frail stage, patient 
and dentist should together establish an oral health care plan, the aim of which is to 
establish a home-care plan to prevent and control oral disease, control pain and 
infection, eliminate dysfunction, and assure a good oral health-related quality of life 
[20]. This plan includes the explanation of the risk factors for oral disease and 
incentive risk modification behaviour, like cessation of smoking, moderate alcohol 
intake, a healthy diet, and regular uptake of dental services. The intake of Vitamin 
D and Calcium, at doses that aim to prevent osteoporosis, is effective in reducing 
tooth loss [21]. The oral health care plan explains also the implications of increasing 
dependency on oral healthcare and specific treatment outcomes, especially involv-
ing complicated oral prostheses. The associated risk assessment includes identify-
ing conditions threatening oral health and evinces particular risk for caries and 
periodontal disease, for example, a low salivary flow rate, in order to agree on the 
appropriate periodic recalls. It should further determine customized set of oral 
hygiene tools, adapted to the dentition, but also to functional impairments like 
impaired vision, low hand force, and dexterity [22].

3.5.8	 �Prevention at the Onset of Frailty and Multimorbidity

Along with the onset of frailty and functional decline, a wider inter-professional 
health care team will deliver various care plans, and the oral health care plan should 
be integrated part of this Scheme [23]. For the prevention of periodontal disease, 
antibacterial toothpastes should be recommended along with professional oral 
hygiene sessions. Chlorhexidine products may temporarily be used to control infec-
tion [24]. At the frailty stage, prevention extends to avoiding aspiration pneumonia, 
a frequent disease in institutionalized patients, especially those with swallowing 
disorders. One in ten deaths from pneumonia is prevented by weekly professional 
oral hygiene, when performed by a dental health professional [25, 26]. Denture 
wearing during the night equally doubles the incidence of pneumonia, hence frail 
elders should refrain from wearing their removable appliances during the night, as 
their bacterial load present a health hazard in terms of pneumonia [27]. It is recom-
mended to store those removable prostheses dry when sleeping, so that bacteria are 
dead before the denture is cleaned and re-inserted the next morning [28]. At this 

F. Müller



33

stage, it is also advisable to assess the adverse effects from polypharmacy, such as 
hyposalivation and sugar in medications, mostly syrups [29, 30]. Relief from dry 
mouth is provided from water spray in an atomizer bottle, unilateral chewing activi-
ties (gum or chewy tubes), or finally salivary substitutes which come in forms of 
sprays, gels, or mouthrinses [31]. Besides establishing an oral health care plan, the 
oral health care professional’s role is to inform and educate the patient on preventive 
measures and monitor their effectiveness.

3.6	 �Summary and Conclusion

Most risk factors for oral disease and tooth loss can be avoided by managing the 
related risk factors, notably a healthy diet, daily meticulous oral hygiene, moderate 
alcohol intake, and smoking cessation. Dental restorations should be state of the art 
and made from biocompatible, well-documented materials to avoid iatrogenic bio-
logical and technical complications. Genetics, socio-economic context and further, 
yet undocumented risks, may equally play a role in the development of oral disease 
and tooth loss.
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4Malnutrition Unrecognized  
and Untreated

M. Vandewoude and S. Perkisas

Key Messages

•	 Involuntary weight loss is common in older people and is an unfavorable prog-
nostic sign.

•	 Health care professionals recognize only part of the malnourished patients as 
being malnourished, and even fewer malnourished patients classified themselves 
as being malnourished.

•	 Three subtypes of malnutrition exist (1) starvation-related without inflammation, 
(2) chronic disease or conditions that impose sustained mild-to-moderate inflam-
mation (e.g., sarcopenic obesity, organ failure), and (3) acute disease or injury 
states, when inflammatory response is marked leading to cachexia.

•	 Most instruments screen for nutritional risk and not for existing malnutrition; 
this indicates that the first screening level is based on simple measurements. Not 
all of the screening tools were validated for the old population.

•	 Only after that a complete nutritional assessment should describe their actual 
nutritional status.

•	 Nutritional intervention with optimal dietary patterns should start early.
•	 Optimal protein intake should be at least 1.2 g/kg/body weight for active older 

people with an even distribution throughout the day.
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4.1	 �Introduction

Life expectancy continues to rise. Many older people are healthy, but others, par-
ticularly people of advanced age have several chronic diseases and present with an 
important comorbidity. Multiple issues associated with aging have an impact on 
care, including functional impairment, comorbidity, social support, cognitive func-
tion, psychological state, and financial stress. Evaluation of the comorbidity in an 
older person and assessment of the severity of the various pre-existing conditions 
and their impact on the overall condition are crucial to providing quality care to 
older individuals. In this respect, a multidisciplinary approach might be useful in the 
management of the geriatric patient. Although Comprehensive Geriatric Assessment 
(CGA) should evaluate different domains, malnutrition has a particular place in it 
because it still is a potentially treatable condition.

4.2	 �Geriatric Profile

Geriatric patients are not defined by their age but by their general profile. Aging is 
characterized by loss of organ function such as loss of muscle mass or bone mineral 
density together with a reduced capability for adapting to changes in the environment 
(loss of homeostatic mechanisms). These changes in physical function are paralleled 
by changes in cognitive function, mental health, and socio-economic status. This can 
lead progressively to a state of increased vulnerability or frailty [1]. This evolution 
shows a distinct correlation with age. Data from the Belgian Health Surveys 1997–
2004 have shown that the percentage of people with frailty as assessed with the VIP-
tool (Variable Indicator for Placement) [2] was 5.1% for the people aged 65–70 years, 
but had already risen to 48.9% in the cohort older than 85 [3]. Further progression of 
decline in organ function will induce functional impairment and finally disability. 
Nutritional state is very crucial in this respect. Recent Belgian data from the 
NutriAction2 surveys show that awareness for malnutrition is not optimal although it 
is very prevalent with a negative impact on function [4, 5]. Health care professionals 
recognized only part of the malnourished patients as being malnourished, and even 
fewer malnourished patients classified themselves as being malnourished. In com-
munity dwelling, older people only 43% and in nursing homes 50% of the malnour-
ished patients was recognized by the HCP as such. Only 30% of the malnourished 
community dwelling older people recognized themselves as malnourished, against 
only 10% of the malnourished nursing home residents (Fig. 4.1) [5, 6].

4.3	 �Components of Malnutrition

Involuntary weight loss is common in older people and is an unfavorable prognostic 
sign. The prevalence of (risk of) malnutrition is high in Belgian older people 
(≥70 years), especially those living in nursing homes. The NutriAction 2008 study 
[7] showed that among Belgian older people (≥70 years) living in the community or 
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in a nursing home, the risk of malnutrition (MNA ≤ 11) is highly prevalent (57%), 
and that 16% was classified as malnourished (BMI < 20 kg/m2). In 2013, this study 
was repeated (NutriAction2). The prevalence of malnutrition has remained stable 
among Belgian older people over the period 2008–2013. The prevalence of the risk 
of malnutrition (MNA ≤11) is 36% in community dwelling older people, and 63% 
in nursing home residents [4, 5]. Malnutrition remains a major problem, especially 
for those in nursing homes or with comorbidities such as depression and dementia. 
The presence of malnutrition and the presence of the risk of malnutrition are differ-
ent within comorbidities. The highest prevalence occurs in patients with dementia 
and depression: in community dwelling older people, 14% of the people with 
dementia is malnourished and 52% is at risk; in the nursing home population 20% 
is malnourished and 60% is at risk. In community dwelling older people, 17% of the 
people with depression is malnourished and 47% is at risk; in the nursing home 
population with depression 22% is malnourished and 52% is at risk.

Historically, malnutrition has been defined as a condition of an imbalance of 
energy, protein, and other nutrients that cause measurable negative effects on body 
composition, physical function, and clinical outcomes another definition of malnu-
trition has been proposed by an International Guideline Consensus Committee, inte-
grating the acuity of the associated disease and inflammation [8]. The committee 
specified three subtypes of malnutrition using an etiology-based terminology to 
assist clinicians to make a nutrition diagnosis in clinical practice settings: (1) 
starvation-related without inflammation, (2) chronic disease or conditions that 
impose sustained mild-to-moderate inflammation (e.g., sarcopenic obesity, organ 
failure), and (3) acute disease or injury states, when inflammatory response is 
marked leading to cachexia.

Starvation is a pure protein-energy deficiency, forcing a reduction in both fat and 
fat-free mass. The key physiological sign of starvation is that it is reversed solely by 
the replenishment of nutrients. Age-related decline in muscle mass has been termed 
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sarcopenia, a term first introduced by Rosenberg in 1989 [9]. Since then, the defini-
tion of sarcopenia has continued to evolve. The recognition of impairment in muscle 
strength and functional status with sarcopenia has added the inclusion of function in 
the definition and therefore in the assessment. So, sarcopenia is defined as the loss 
of muscle protein mass, muscle strength, and function [10].

In the aging muscle, many changes occur. Some exist at the architectural level, 
like alterations in muscle composition, or modifications in the characteristics of the 
muscle fiber itself, where muscle fiber length, orientation, and type may change. 
Other changes are located at the neuronal level from the central nervous system 
down to the level of the motor unit and the neuromuscular junction. Also hormonal 
factors undergo age-related changes that may have an effect on both strength and 
function. Although many different components are identified, it is still unclear to 
what degree each of these components contributes to the loss of muscle mass, 
strength, and function [11].

Severe wasting of both fat and fat-free mass is termed cachexia. Cachexia accom-
panies diseases such as cancer or immunodeficiency states. Cachexia is best viewed 
as the cytokine-associated wasting of protein and energy stores due to the effects of 
disease [12]. Systemic inflammation mediated through cell injury or activation of the 
immune system triggers an acute inflammatory response. Persons with cachexia lose 
fat as well as fat-free mass, while maintaining extracellular water and intracellular 
potassium. The loss of fat-free mass is mainly from the skeletal muscle and is an 
essential component in the definition. An operational definition of cachexia [12] 
states that “cachexia, is a complex metabolic syndrome associated with underlying 
illness and characterized by loss of muscle with or without loss of fat mass. The 
prominent clinical feature of cachexia is weight loss in adults (corrected for fluid 
retention).” Other diagnostic criteria for cachexia besides loss of muscle mass and 
evidence of accelerated protein degradation in muscle are decreased muscle strength, 
fatigue, anorexia, and biochemical abnormalities characteristic of inflammation, ane-
mia, or hypoalbuminemia. The key clinical question is whether starvation, sarcope-
nia, and cachexia are distinct entities or represent an interdependent continuum. In 
the older patient, there can be problems of dietary intake next to the effects of aging 
per se. On top of this situation, the deleterious effects of existing comorbidities and 
chronic inflammatory processes are superimposed. When these changes are trans-
lated into nutritional concepts, it is clear that in the older patient there is a strong 
overlap of starvation, sarcopenia, and cachexia. The final result is a complex meta-
bolic state resulting in a therapy resistant malnutrition-sarcopenia syndrome [13].

4.4	 �Screening Tools

Implementing routine screening to detect malnutrition has been hindered by the 
lack of universally agreed criteria to identify it. Consequently, there are a variety of 
nutritional tools in use that incorporate different anthropometric, biochemical, and 
clinical criteria which have often been developed for use in a particular setting or for 
a specific patient group. Most instruments screen for nutritional risk and not for 
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existing malnutrition. Actually, this indicates that the first screening level is based 
on simple measurements that identify people who may be at risk for malnutrition. 
Only after that a complete nutritional assessment should describe their actual nutri-
tional status with biochemical, anthropometric, functional parameters of muscle 
strength (handgrip), bio-impedance, and dexa-measurements. Although slight 
declines in weight have been observed with aging alone, clinically important weight 
loss (>5% of usual body weight) is almost always the result of disease. In older 
people, weight loss and low Body Mass Index (BMI, defined as weight in kilo-
grams, divided by height squared) have been associated with adverse outcomes such 
as decreased functional abilities and increased morbidity and mortality. BMI dem-
onstrates a U-shaped relationship with functional impairment, with greater risk in 
those with the lowest and highest BMI [14]. The annual incidence of involuntary 
weight loss (defined as loss of greater than 4% of body weight) was reported to be 
13.1% in community-dwelling veterans. Over a 2-year follow-up period, involun-
tary weight loss was associated with a greater relative risk of mortality (RR = 2.4, 
95% confidence interval 1.3–4.4) [15]. Because routine weighing is an inexpensive 
method to screen for energy undernutrition, patients should be weighed at their 
primary visit and the weight should be documented in their medical record [16].

The “malnutrition universal screening tool” (MUST) for adults has been devel-
oped for multidisciplinary use by the Malnutrition Advisory Group of the British 
Association for Parenteral and Enteral Nutrition (www.bapen.org.uk) for use in all 
health care settings. It also has good reproducibility between users and is acceptable 
to patients and health care workers. The MUST score is able to predict increased 
mortality in older hospitalized patients [17]. MUST is a five-step screening tool to 
identify adults, who are malnourished, at risk of undernutrition or obese. It also 
includes management guidelines which can be used to develop a care plan. The 
MUST tool scores for Body Mass Index, loss of weight in the past 3–6 months, and 
the presence of an acute illness or no nutritional intake for 5 days or more.

The NRS (Nutritional Risk Score) [18] is based on the concept that nutritional 
support is indicated in patients who are severely ill with increased nutritional 
requirements, or who are severely undernourished, or who have certain degrees of 
severity of disease in combination with certain degrees of undernutrition. Patients 
are characterized by scoring the components “undernutrition” and “severity of dis-
ease” in four categories (absent, mild, moderate, and severe). The patient can have 
a score of 0–3 for each component which results in a total score of 0–6. Any patient 
with a total score ≥3 is considered at nutritional risk. Undernutrition is evaluated 
using three variables (BMI, percent recent weight loss, and recent change in food 
intake). The most compromised of the three variables is used to categorize the 
patient. With age >70 years, a value of 1 is added to the total score.

The SNAQ (Short Nutritional Assessment Questionnaire) was validated in a 
population of mixed internal, surgical, and oncological patients [19]. It consists of 
three questions regarding involuntary weight loss, loss of appetite, and recent use of 
supplemental drinks or tube feeding. Those questions appeared to be the best indi-
cators for malnutrition. The SNAQ has also been validated for an outpatient popula-
tion [20]. However, it was not specifically validated in an older population.
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The Mini Nutritional Assessment (MNA) is both a screening and assessment tool 
for the identification of malnutrition in older people [21]. The MNA is composed of 
18 items, including anthropometric measurements [weight, height, mid-arm cir-
cumference, calf circumference, and weight loss during the past 3 months], a global 
assessment (six questions related to lifestyle, medication, and mobility), a dietary 
assessment (eight questions related to number of meals, food and fluid intake, and 
autonomy of feeding), and a subjective assessment (self-perception of health and 
nutrition). The maximum score is 30 points, with the risk of malnutrition increasing 
with lower scores. The MNA score was used to classify subjects as well nourished 
(a score of 24–30), at risk for malnutrition (a score of 17–23.5), or malnourished (a 
score of <17) according to the original cut-off point of the MNA full test. The 
screening section of the questionnaire uses 6 items from the global test, namely 
reduction in food intake, weight loss, mobility, acute stress, neuropsychological 
problems, and BMI. If the score is 12 points or greater, the patient is not at risk, and 
there is no need to complete the rest of the questionnaire. If the score is 11 points or 
less, the patient may be at risk from malnutrition and the full MNA should be 
completed.

The assessment of nutritional status could be questioned in view of the many 
non-nutritional factors affecting the results. Subjective assessment of nutritional 
status has been proposed to overcome these difficulties [22]. Subjective global 
assessment (SGA) is a validated method of nutritional assessment based on the 
features of a medical history (weight change, dietary intake change, gastrointestinal 
symptoms that have persisted for more than 2 weeks, changes in functional capac-
ity) and physical examination (loss of subcutaneous fat, muscle wasting, ankle or 
sacral edema, and ascites) [23]. The patient-generated-subjective global assessment 
(PG-SGA) was adapted from the SGA and developed specifically for patients with 
cancer [24]. It includes additional questions regarding the presence of nutritional 
symptoms and short-term weight loss. It was designed so that the components of the 
medical history can be completed by the patient using a check box format. The 
physical examination is then performed by a health professional, e.g., physician, 
nurse, or dietitian. The scored PG-SGA is a further development of the PG-SGA 
concept that incorporates a numerical score as well as providing a global rating of 
well-nourished, moderately or suspected of being malnourished or severely mal-
nourished. For each component of the scored PG-SGA, points (0–4) are awarded 
depending on the impact of the symptom on nutritional status. A total score is then 
summed and this provides a guideline as to the level of nutrition intervention 
required [25]. The scored PG-SGA, unlike SGA, which is categorical, is a continu-
ous measure. Higher scores indicate a greater risk for malnutrition.

4.5	 �Nutritional Assessment

Baseline screening for malnutrition is mandatory in the treatment strategy for older 
patients. As discussed before, several screening instruments have been developed. 
However, most of them have not been validated in an older population. This is the 
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case for the SNAQ, the MUST, and the NRS although the MUST has shown to be 
able to predict increased mortality in older hospitalized patients [17]. NRS has 
proven not sensitive enough to predict weight loss in diseased older subjects [26]. 
NRS adds one point when age is above 70. In a geriatric population, this item scores 
100% positive and therefore has no additional discriminative value.

There is a significant overlap in the methodology of the different screening tools. 
For example, the assessment of weight loss is a major issue in most of them. Second, 
the use of BMI is enforced. However, in older people the body length is not a con-
stant factor [27]. It tends to decrease with age. This leads to a systematic error in the 
calculation and an overestimation of the BMI. Furthermore, in older disabled people 
body weight and body length are often the result of estimation. The official guide-
lines for the MUST, for example, give alternative ways for dealing with this prob-
lem with the following advice, “If unable to obtain height and weight, see for 
alternative measurements and use of subjective criteria.” When two variables are not 
measured but estimated, when subsequently one is squared and the quotient is taken, 
one can doubt the exactness of the final result. On the other hand, when BMI is 
systematically overrated, a low BMI, indeed, may be a significant sign for the risk 
of malnutrition. Taking into account the systematic overestimation of BMI, the clas-
sical cut-off value of <18.5 [15] may be increased to the cut-off value used in the 
MUST guideline (<20.0). However, a normal or even high BMI does not exclude 
nutritional problems. Increase in body fat may, indeed, mimic the loss of muscle 
mass. It has been corroborated that sarcopenic obesity, or low muscle mass in rela-
tion to fat mass, predicted onset of IADL disability in community-dwelling elders 
who had no disability [28]. In cancer patients, it was shown that sarcopenic obesity 
was associated with poorer functional status compared with obese patients who did 
not have sarcopenia and that sarcopenia was an independent predictor of lower sur-
vival [29]. This may be particularly important because fat-free mass represents the 
volume of distribution of many cytotoxic chemotherapy drugs. Estimation of rela-
tive sarcopenia (muscle mass adjusted for body fat mass) may, therefore, be a better 
predictor than absolute sarcopenia.

4.6	 �Nutritional Management and Intervention

As shown in prevalence studies older adults are at particular risk of sarcopenia, 
malnutrition, or cachexia [7]. When people get ill, muscle loss occurs early and 
rapidly. Early intervention is therefore essential in helping to preserve body compo-
sition [30].

A first step is the estimation of the energy and protein needs. The energy require-
ments depend on basal metabolism, physical activity, existing comorbidities, and 
metabolic stress of acute disease [31]. These requirements may be calculated by 
predictive equations or measured by indirect calorimetry. However, predictive equa-
tions are less accurate for individual patients, whereas indirect calorimetry requires 
specialized equipment that is not routinely available [32]. The easiest method to 
estimate energy needs is to use the simple predictive formula that determines daily 
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calorie requirements by multiplying the patient’s actual body weight (in kg) by 
25–30 kcal [33]. Ideal or adjusted body weight is used for estimating needs of obese 
and emaciated adults.

Skeletal muscle mass is relatively constant during young- to middle-aged 
adulthood, suggesting that there is an equilibrium between protein synthesis dur-
ing absorptive states (i.e., postprandial, following feeding) that is balanced by 
the catabolism during fasting states. However, this equilibrium in healthy muscle 
between protein synthesis and breakdown is getting progressively disrupted with 
aging. In older people, synthesis rate of mixed muscle proteins including myofi-
brillar and mitochondrial proteins decrease with 30% [34]. Muscle protein syn-
thesis is stimulated by dietary intake of both essential and nonessential amino 
acids. There is a substantial body of research suggesting that over 80% of the 
stimulatory effect on protein synthesis observed after a meal can be attributed to 
amino acids [35]. In older people compared to younger individuals, this stimula-
tory effect is being blunted but not absent. It can be overruled by increasing the 
amount of protein. In addition to their role in protein synthesis, amino acids also 
play a role in the regulation of protein breakdown [36]. Nitrogen balance studies 
in aging populations (56–80 years of age) have indicated greater protein needs 
for the elderly (1.14  g/kg/day) relative to the young (0.8  g/kg/day) [37]. This 
provides critical information in terms of inadequate protein intake as a possible 
mechanism underlying muscle loss and the development of sarcopenia, particu-
larly because protein intake has been reported as inversely proportional to age. 
Randomized controlled trial data indicate that it is more important to ingest a 
sufficient amount of high-quality protein (25–30 g) with each meal rather than 1 
large bolus because greater than 30 g in a single meal may not further stimulate 
muscle protein synthesis [38].

An average daily intake of 1.0–1.2 g protein per kilogram of body weight per day 
is recommended for older people to maintain and regain lean body mass and func-
tion. A higher protein intake (≥1.2 g/kg body weight/day) is advised for those who 
are exercising and otherwise active. Most older adults who have acute or chronic 
diseases need even more dietary protein (1.2–1.5 g/kg body weight/day) [39, 40].

Next to the existence of protein-calorie malnutrition attention should be given to 
specific and selective aspects of malnutrition such as vitamin and mineral deficien-
cies. Vitamin D has recently received recognition as another potential intervention 
strategy for sarcopenia. Although our understanding of the relationship between 
vitamin D and muscle function has advanced over the past decade, a complete 
understanding of the vitamin D action on muscle tissue and how this translates into 
improvements in muscular performance are yet to be elucidated. Older adults, how-
ever, are at increased risk of developing vitamin D insufficiency and supplementa-
tion may be indicated in those older people with low vitamin D levels to combat 
sarcopenia, functional decline, and falls risk [41].

Overall, preference should be given to nutritional support by adapting a dietary 
pattern that is adequate in quality in older age to ensure sufficient intakes of protein, 
vitamin D, antioxidant nutrients, and long-chain polyunsaturated fatty acids. In par-
ticular, there is substantial evidence to support the roles of dietary protein and 
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physical activity as key anabolic stimuli for muscle protein synthesis [42]. The addi-
tion of oral nutritional supplements or enteral and parenteral feeding might be sub-
sequent steps when calorie or protein requirements cannot be met.

�Conclusion
When people grow older, they lose the capacity of adapting well to changes in 
their environment. This loss of homeostasis in the broad sense leads to an 
increased vulnerability, called frailty. Although no universal definition has been 
defined, frailty could be described as an unstable equilibrium carrying a high 
risk for functional loss. It is a clinical state in which there is an increase in an 
individual’s vulnerability for developing increased dependency and/or mortality 
when exposed to a stressor [1]. Losing weight with the emergence of malnutri-
tion is part of it. The decline in nutritional status in the geriatric patient is the 
result of the effects of lower dietary intake (starvation), the effects of aging 
(sarcopenia), and the effects of acute and chronic inflammatory conditions 
(cachexia). This results in a complex malnutrition syndrome with a major 
impact on prognosis and beneficial effects of intended treatment. The screening 
for comorbidity in older people is essential and nutritional assessment is a major 
issue in this regard. Difference should be made between assessment of risk and 
actual nutritional status, which should be assessed with specific malnutrition 
indices. Body weight assessment with specific attention to unintended weight 
loss is essential in this evaluation. We should recognize the fact that BMI should 
be interpreted with caution, but that a low value for BMI still heralds an 
increased malnutrition risk. Weight loss alone, however, does not identify the 
full effect of cachexia on physical function. It can be helpful to add to the item 
of weight loss an estimate of reduction in food intake and systemic inflamma-
tion. This would help to identify patients with both adverse function and prog-
nosis. This increased alertness based on a relative subjective global assessment 
has a lot to offer in the willingness for early intervention. The nutritional assess-
ment must be framed in a larger CGA (comprehensive geriatric assessment) 
addressing several functional domains. Early intervention with an adequate 
amount of macronutrients (protein, calories) and micronutrients (vitamins, anti-
oxidants, minerals) offered through a balanced dietary pattern is key in this 
approach. This may lead to an optimalization of the strategy for the prevention 
and management of problems in older people.
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5Sarcopenia: Preventable and Reversible

Alfonso J. Cruz-Jentoft

Key Messages

•	 Sarcopenia is associated with many undesirable outcomes: mortality, functional 
decline, falls and fractures, hospital admission and reduced quality of life.

•	 It is more frequent with increasing age, female gender, low protein intake, low 
levels of physical activity, not engaging in regular exercise and other habits.

•	 Adding resistance exercise to usual aerobic exercise is key in preventing sarco-
penia. Comprehensive resistance exercise programs are needed to treat this con-
dition, when present.

•	 A healthy diet that increases the amount of proteins is also important to prevent 
sarcopenia from a lifelong perspective. When sarcopenia is present, proper nutri-
tional intervention—frequently with the use of oral nutrition supplements—is 
needed to improve muscle function.

5.1	 �What Is Sarcopenia?

Sarcopenia is a progressive and generalized loss of skeletal muscle mass and func-
tion that increases the risk of adverse outcomes in old age [1].

The term sarcopenia is quite recent in the medical literature. It was proposed in 
1998, and derives from two Greek words: sarx for flesh and penia for loss to describe 
a well-known long-standing observation: the progressive muscle wasting that many 
individuals show when aging, that is commonly associated with reduced muscle 
strength and power, and affects mobility and functional independence [2].

Initially, sarcopenia was approached by focusing on the loss of muscle mass that 
starts in adult age, but increasing evidence showed that measured muscle mass was 
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only weakly associated with mobility problems and disability, so interest gradually 
switched to muscle function. In 2010, several international groups proposed con-
sensus definitions that incorporated muscle strength and physical performance to 
the concept of sarcopenia [3]. The most widely used is the definition of the 
European Working Group for Sarcopenia in Older People (EWGSOP), that defines 
sarcopenia as the association of a reduced muscle mass with a reduced muscle 
strength or physical performance (or both) [1]. Only in 2016, the US version of the 
International Classification of Diseases (ICD-10) coded sarcopenia as a specific 
disease.

Sarcopenia can be best understood as an organ failure (skeletal muscle insuffi-
ciency), contrasting with frailty, that is considered a whole-body issue (see next 
chapter) [4]. Sarcopenia usually presents as a slowly progressive, age-associated 
chronic disorder, but can also develop acutely (i.e., during hospital admission or 
acute immobility), so considering sarcopenia as a chronic or acute skeletal muscle 
insufficiency may be an accurate clinical paradigm, already in use for other organs 
or systems (i.e., renal or cardiac insufficiency).

5.2	 �Why Is Sarcopenia a Problem?

Epidemiological studies have shown that sarcopenia is common in old age, it’s prev-
alence rising with increasing age. However, published prevalence and incidence 
rates are quite variable, depending on the population age, gender, and characteris-
tics, the use of different measures of muscle mass and function, and the choice of 
cutoff points [5]. Reported prevalence in community dwelling older people ranges 
from 1 to 33%, most recent epidemiological reports seem to be in the 15–20% 
range. Prevalence is higher in nursing homes or long-term care settings, and also in 
older people admitted to the hospital. This means that at least one in five older indi-
viduals may suffer from sarcopenia.

Sarcopenia is associated with many undesirable outcomes. Sarcopenic individu-
als have a higher mortality (at least threefold), high risk of functional decline and 
fall more frequently. It also seems to be associated with a higher risk of hospital 
admission and may be linked to longer stays and a higher risk of fractures [6]. It also 
carries a reduced quality of life that has prompted the development of specific 
instruments [7]. Moreover, sarcopenia is a real public health burden [8], and recent 
evidence links sarcopenia with increased health care costs [9]. Costs associated with 
increased disability have not been properly studied.

5.3	 �Life Course Perspective and Determinants 
of Sarcopenia

Sarcopenia does not come from clear sky, it develops along the lifetime of an indi-
vidual, starting very early in life. Weight at birth has been shown to be a determinant 
of sarcopenia, probably through its influence on peak muscle mass and strength in 
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early adulthood [10]. Little is known about how very early interventions may have 
an impact in late life sarcopenia.

Recent research has focused on the determinants of sarcopenia in adulthood. 
Some of them are well established: increasing age, female gender, body frame, eth-
nicity, and heritability have been confirmed in different studies. However, these 
determinants cannot be changed. More important from a preventive point of view, 
lower food intake, reduced protein intake, malnutrition, low levels of physical activ-
ity, and not engaging in regular exercise are all risk factors of sarcopenia, while 
healthy food patterns and having appropriate levels of vitamin D seem to be protec-
tive [11]. Some diseases (diabetes mellitus, osteoporosis, osteoarthritis, and a num-
ber of other comorbid diseases) and multimorbidity by itself also increase the risk 
of sarcopenia. New risk factors, as poor sleep or pain, may also have a role. All these 
risk factors seem to be cumulative.

Individuals who become sarcopenic and have a negative lifestyle or some comor-
bid diseases may have an accelerated course of the disease. Sarcopenia reduces 
physical activity—by reducing mobility—, increases nutrient needs, and may have 
an impact on comorbid diseases (for instance, modifying the effect of drugs through 
changes in body composition). Thus, when managing sarcopenic individuals, ter-
tiary prevention of existing risk factors is still needed.

5.4	 �Preventing Sarcopenia

Being sarcopenia a recently identified clinical problem, no long-term prevention 
trials in large populations have been yet performed. However, epidemiological 
studies and some small prevention studies may offer some guidelines.

Resistance exercise seems to be a key in preventing sarcopenia. It is quite clear 
that physical exercise has a positive impact on muscle mass and muscle function in 
healthy subjects aged 60 years and older [12]. Exercise improves physical perfor-
mance (chair rising, gait speed, balance), even when no changes in muscle mass are 
shown. Thus, adding resistance exercise to the usual recommendation to do aerobic 
exercise may have a role in preventing sarcopenia. This should start early in life, as 
muscle mass and function loss starts early in adulthood and is more prominent after 
50  years old. The role of aerobic or balance exercise in preventing sarcopenia. 
Increasing daily physical activity seems also advisable although the effect or size of 
such increase is yet undetermined.

The other cornerstone of sarcopenia prevention is diet. Healthier dietary habits, 
especially those that ensure an appropriate amount of proteins and avoid vitamin D 
deficiencies, will probably prevent sarcopenia—and other chronic diseases [13, 14]. 
Protein intake seems to be particularly important. In fact, the former recommendation 
of a minimum intake of 0.8 g of protein per kg of body weight and day for adults has 
recently been increased by some international organizations to a minimum of 1.0–1.2 g 
for older adults to prevent sarcopenia and frailty [15, 16]. Thus, a recommendation to 
increase protein intake seems sound advice to prevent sarcopenia. Some data also sug-
gest that the combination of exercise and diet may have a synergistic effect [17].
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Of course, preventive measures that need changes in lifestyle that have been 
present for 40–50  years are specially challenging, and many barriers have been 
found (education, poverty, costs and availability of exercise programs, psychologi-
cal barriers, and others), but prevention of sarcopenia is key in the societies’ quest 
to prevent physical disability in old age.

Although some persons may consider the use of botanicals or alternative medi-
cine approaches to prevent sarcopenia, there is no evidence to date that this approach 
has any significant effect [18].

5.5	 �Reversing Sarcopenia

More information is available on the treatment of sarcopenia. It is now clear that 
sarcopenia is not a permanent state, and it can be reversed, either spontaneously 
(i.e., acute sarcopenia after an acute condition is cured) or by interventions.

Management of sarcopenia starts with the identification and management of any 
underlying cause found by a comprehensive geriatric assessment. Nutrition and 
physical exercise are the cornerstones of treatment [12]. No drug has yet been 
approved for this condition although many are in development [19], some even in 
phase 2 trials [20].

Again, resistance exercise is the first and most important treatment to reverse 
sarcopenia. It has to be prescribed properly and adapted to the needs of each indi-
vidual. Total body exercise routines that include routines for major muscle groups, 
for 30–60 min three to four times a week, using multi-joint approaches with exer-
cise machines at an intensity of 65–75% of the maximum have the best evidence 
[21]. Adding aerobic exercise training may also benefit skeletal muscle and improve 
insulin sensitivity. Exercise has to be properly prescribed by a physician or physical 
therapist and is most probably beneficial when properly supervised and sustained a 
long time.

Correction of nutritional deficits is also needed in sarcopenic patients [22]. 
Caloric intake should be increased to cover increased demands posed by exercise. 
Protein requirements may be increased, when sarcopenia is present, to the range of 
1.2–1.5 g of protein per kilogram of body weight and day, with the only exception 
of subjects with stage 4 or 5 renal failure [15]. Essential amino acids (EAA) supple-
ments including around 2.5 g of leucine and β-hydroxy β-methylbutyric acid (HMB) 
supplements may also help to improve muscle mass and function parameters [5]. 
Correction of vitamin D deficiencies is needed for proper muscle function, but the 
role of vitamin D when blood levels are normal it is yet to be determined. When 
requirements cannot be reached by modifying usual diet, oral nutritional supple-
ments are needed to meet these needs. Supplements should be used for at least 
3 months to be most effective.
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6Frailty Is Not a Fatality

Elisa Zengarini and Antonio Cherubini

Key Messages

•	 Frailty corresponds to an extreme vulnerability to poor resolution of homeostasis 
after stressors, due to loss of physiological reserve across multiple systems, 
which causes an increased risk of adverse health-related outcomes.

•	 The prevalence of frailty is higher in women and increases with age although the 
signs and symptoms of frailty are not rare in the middle-aged population.

•	 Frailty is a dynamic process; the recognition and modification of pre-clinical 
manifestations and modifiable risk factors, also among adults and young indi-
viduals is essential.

•	 Since frailty is a public health priority, its assessment should be integrated into 
routine clinical practice for older patients, encouraging the early identification of 
at-risk individuals and subsequent interventions.

•	 Frailty and pre-frailty are potentially reversible. Solid evidence supports the effi-
cacy of physical exercise. Current evidence supporting nutrition interventions is 
scare. Multicomponent interventions, after a global geriatric assessment, appears 
the best way of reversing the frailty process.

6.1	 �Definition

Frailty is a condition of extreme vulnerability to poor resolution of homeostasis 
after stressors, due to loss of physiological reserve across multiple systems, which 
causes an increased risk of adverse health-related outcomes [1, 2]. Frail older adults 
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have higher risk of adverse health events, including falls, delirium, disability onset, 
hospitalization, institutionalization, and death [1–3].

6.2	 �Frailty Identification and Assessment

Although the definition of frailty is agreed on, there is not currently a universally 
accepted set of criteria to diagnose frailty. Different models have been developed 
to operationalize frailty diagnosis in research settings and clinical practice. 
Among them, the phenotype model [1] and the accumulation of deficits model [4] 
are those most commonly used. In the Cardiovascular Health Study, Fried vali-
dated the frailty phenotype using five criteria: unintentional weight loss, self-
reported exhaustion, weak grip strength, slow gait speed, low physical activity. 
Frailty was defined as a clinical syndrome characterized by the presence of three 
or more criteria, while pre-frailty was identified by the presence of one or two 
criteria [1].

At variance, the Frailty Index developed by Rockwood in the Canadian Study of 
Health and Aging is a mathematical construct to measure the cumulative accumula-
tion of deficits (e.g., symptoms, signs, disabilities, diseases, and laboratory abnor-
malities) over time [4]. It is calculated as a ratio between the number of deficits 
observed in the individual divided by the total number of deficit considered. 
Although originally developed using 92 variables [4], shorter versions of the Frailty 
Index considering no more than 20 deficits have also been validated [5].

A recent review found 67 different set of criteria to identify frailty [6]. The most 
common purposes of the instruments were to assess frailty as risk factor for adverse 
health outcomes (31.3%) and identify risk factor for frailty (22.3%), while few stud-
ies used frailty as a guide for clinical decision-making (2.3%) and as a target for 
intervention (2.3%).

Several instruments demonstrated predictive validity for the risk of adverse 
health outcomes in different cohorts of older subjects. However, they are built on 
distinctive concepts of frailty and when compared each other, they identify differ-
ent older adults as frail [7]. For instance, the FRAIL questionnaire based on five 
self-reported criteria is suited for clinical screening [8]. The Gérontopôle Frailty 
Screening Tool (GFST) has been developed to increase awareness of frailty among 
general practitioners and facilitate screening in primary care [9]. On the other 
hand, the Frailty index derived from Comprehensive Geriatric Assessment 
(FI-CGA) is designed for frailty assessment in the clinical setting [10]. Also physi-
cal performance measures (e.g., gait speed, the short physical performance battery) 
have been studied as suitable tools for the assessment of frailty [11]. They are reli-
able, not time-consuming, objective, and repeatable in the same subject over time 
and thus they may be easily included in the routine medical examination. In a 
recent international survey, the most commonly used measure to assess frailty was 
gait speed test [12].

E. Zengarini and A. Cherubini



55

6.3	 �Epidemiology

In a systematic review based on 21 cohorts involving 61,500 participants, 10.7% of 
community-dwelling older persons were identified as frail and another 41.6% as 
prefrail. However, the prevalence of frailty varies considerably (range 4.0–59.1%) 
because of different definitions and inclusion criteria adopted among different stud-
ies [13]. The prevalence is higher in women and increases with age although the 
signs and symptoms of frailty are not rare in the middle-aged population [14]. Data 
from the Survey of Health, Aging and Retirement in Europe (SHARE) showed that 
among European individuals 50–65 years of age, 4.1% were frail, and 37.4% were 
prefrail, while in the 65 years and older group 17% were frail and 42.3% prefrail. 
The frailty criteria more commonly reported in the middle-aged group were exhaus-
tion and low activity, while exhaustion, weakness, slowness, and low activity were 
frequent in the 65 years and older group [14]. Moreover, frailty is consistently asso-
ciated with some ethnic groups, e.g., black and Hispanic, living in residential care 
and lower education and poverty [1, 13–15].

6.4	 �The Course of Frailty and Its Implications

The pathophysiological pathways underlying the development of frailty are not yet 
clearly identified. Frailty is the result of an accelerated and cumulative decline 
across multiple systems (i.e., the skeletal and muscular system, the brain, the 
immune, inflammatory, and endocrine system). Several theories of frailty have been 
proposed. Fried et al. conceptualized frailty as a geriatric syndrome, describing a 
vicious cycle where multiple risk factors and conditions are interacting not only to 
cause frailty but also to promote its progression [1]. On the other hand, Rockwood 
et al. proposed a stochastic model where deficit accumulation results from interac-
tions between two processes: on one side, environmental stresses, causing damage, 
and on the other the systems that control damage and recovery time. The exponen-
tial increase in the number of health deficits with age corresponds to the exponential 
increase of recovery time [16].

In any case, frailty is not a static condition, but instead a dynamic process. In the 
literature, different studies investigated the natural history of frailty and the determi-
nants of the transition between different stages of frailty over time. In a prospective 
cohort study of 754 predominantly European American community-living persons, 
Gill showed that frailty is a dynamic process with frequent transitions between frailty 
states over time: 57% of participants has at least one transition over 4.5  years. 
Specifically, transitions to states of greater frailty were more common (43%) than 
transitions to states of milder frailty (23%), while the probability of transitioning 
from being frail to nonfrail was very low (0–0.9%) [17]. Rockwood analyzed data for 
community-dwelling subjects (age 15–102  years at baseline) in the longitudinal 
component of the National Population Health Survey with seven 2-year cycles to 
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estimate the outcomes of frailty measured in terms of Frailty Index. In this study, the 
scale has been divided into different categories: relatively fit (Frailty Index ≤0.03, 
i.e., no or only one deficit), less fit (0.03 < Frailty Index ≤0.10), least fit (0.10 < Frailty 
Index ≤0.21), frail (Frailty Index >0.21), and most frail (Frailty Index ≥0.45). At all 
ages, the 160-month mortality rate was lower among relatively fit people than among 
those who were frail (e.g., 2% vs. 16% at age 40; 42% vs. 83% at age 75 or older). 
Moreover, they demonstrated that the relatively fittest people at baseline tended to 
remain healthy, while the chance of complete recovery declined with age. The chance 
of staying at the highest level of fitness across all seven cycles declined with age, 
while the chance of becoming frail increased [3]. In a study of frailty transitions 
among participants in the San Antonio Longitudinal Study of Aging (SALSA) 
cohort, diabetes with macrovascular complications, lower education, and longer fol-
low-up intervals were predictors of frailty worsening [18]. Shardell demonstrated 
that prefrail participants with lower 25-hydroxyvitamin D were 8.9% more likely to 
die, 3% more likely to transition to frailty, and 7.7% less likely to become robust. On 
the other hand, transitions from robustness or frailty were not associated with serum 
25-hydroxyvitamin D [19]. Lee et  al. examined the natural history of transition 
between frailty states in a cohort of community-living older Chinese people. Among 
prefrail subjects, a quarter of both genders recovered into the robust state, while 
11.1% of men and 6.6% of women worsened into frailty. Moreover, they found sig-
nificant factors associated with worsening or less improvement in transition between 
frailty states (older age, history of stroke, lower cognitive functions, diabetes, osteo-
arthritis, cancer, lung disease, hospitalizations), while higher socioeconomic status 
was protective [20]. Recently, Pollack and colleagues in a perspective cohort study of 
5086 community-dwelling men found that over 4.6 years 35% progressed in frailty 
status or died, 15% improved, but only 0.5% of them from frail to robust. A compre-
hensive evaluation of potential determinants of transition in frailty status showed that 
factors associated with improvement in frailty status included greater leg power, 
being married, good or excellent self-reported health. On the other hand, any instru-
mental activity of daily living (IADL) limitations, low albumin levels, high interleu-
kin-6 levels, and presence of chronic obstructive pulmonary disease or diabetes 
mellitus were associated with lower likelihood of improvement in frailty status [21].

These evidence suggest that frailty is potentially reversible, particularly in the 
early stages. It would be extremely important to know the life expectancy of older 
subjects with frailty, but there is currently no study that can provide this informa-
tion. A better understanding and management of modifiable clinical, social, and 
functional risk factors may increase the recovery rate of the prefrail individuals or 
prevent their progression to frailty. Given its multidomain nature, a comprehensive 
approach is necessary to target frailty and associated factors. Because the improve-
ment in frailty status has been associated with social, functional, and clinical fac-
tors, effective strategies may include rehabilitation and interventions that target 
strength and lower extremity power, social support, nutritional interventions, and 
improvement management of comorbidity [21].

In the World Report on Ageing and Health published by the World Health 
Organization, frailty has been considered as a progressive decline in physiological 
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systems that results in decreased intrinsic capacity. The intrinsic capacity is defined as 
the composite of all the physical and mental (including psychosocial) capacities of an 
individual. The combination of intrinsic capacity with relevant environmental charac-
teristics and their interactions defines the functional ability of the individual. The report 
defines healthy aging as the process of developing and maintaining the functional abil-
ity that enables well-being in older age. Thus, healthy aging reflects the interactions 
between individuals and the environments, resulting in trajectories of both intrinsic 
capacity and functional ability [22]. It is noticeable that the prevention of frailty as well 
as an effective promotion of healthy aging should adopt a life-course perspective. The 
functional status at older age is the result of behaviors and conditions occurring in the 
individual during the entire life and the interaction with the environment.

6.5	 �Interventions

Frailty is a public health priority [23]. Multiple interventions targeting frailty 
have been investigated. Solid evidence supports the efficacy of exercise in frail 
older people. A high-intensity progressive resistance training of the hip and 
knee extensor (chosen because of their importance in functional activities) 
improved muscle strength and size with associated improvement in mobility and 
level of physical activity in frail older nursing home residents [24]. Moreover, 
Gill showed that a program targeting underlying impairments in physical abili-
ties (e.g., balance, muscle strength, ability to transfer from one position to 
another, and mobility) reduced the progression of functional decline also among 
physically frail elderly persons living at home [25]. In a more recent trial, the 
Lifestyle Interventions and Independence for Elders pilot (LIFE-P) study, the 
incidence of major mobility disability over 2.6 years was reduced in the exercise 
group compared with a successful aging educational program group. The physi-
cal activity program consisted of a combination of walking at moderate inten-
sity, resistance exercises, balance, stretching, and behavioral counseling [26]. 
Further analyses from the LIFE-P study explored the effects of physical activity 
on frailty status. Cesari et al. showed that after 12 months of follow-up regular 
physical activity reduced the frailty prevalence. Moreover, in comparison to 
successful aging participants, the mean number of frailty criteria in the physical 
activity group was notably reduced, especially for at-risk individuals (i.e., par-
ticipants with frailty, and those with multimorbidity) [27]. Exercise has a posi-
tive impact on physical determinants and functional outcomes, even if the most 
effective type and intensity of exercise is uncertain. However, multicomponent 
training interventions (i.e., focusing on resistance, balance, aerobic, and flexi-
bility training), of long duration (≥5 months), performed three times per week, 
for 30–45 min per session, generally had superior outcomes than other exercise 
programs [28].

Although individual nutritional status as well as the dietary style and nutrient 
intake (e.g., vitamin D) have been demonstrated associated with frailty, current evi-
dence supporting the efficacy of nutritional interventions is scanty [24].
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A recent review using the level of frailty as intervention target selected 14 studies 
designed to prevent or reduce the level of frailty among community-dwelling older 
adults. The interventions included physical activity, physical activity combined with 
nutrition or with nutrition and memory training, home modifications, prehabilita-
tion (physical therapy plus exercise plus home modifications), and Comprehensive 
Geriatric Assessment (CGA). Particularly, the physical activity intervention mostly 
included strength, balance, coordination, flexibility, and aerobic exercises provided 
by exercise professionals, with sessions ranging in frequency from once weekly to 
5 days per week. Nine of the 14 studies reported that the intervention reduced the 
level of frailty. On the other hand, studies using Comprehensive Geriatric Assessment 
had mixed findings [29]. Nevertheless, currently implications of change in frailty 
level on clinical outcome are not well known. Frost recently evaluated the effective-
ness of home- and community-based health promotion interventions on functioning 
and frailty in individuals with mild or pre-frailty. They identified seven trials: six 
studies evaluating exercise intervention (single intervention or two intervention, i.e., 
two exercise interventions or exercise plus nutritions) and one study telemonitoring. 
Group exercise interventions showed positive effects on functioning, but these were 
mixed and based on small, low quality studies [30].

In current clinical practice, the gold standard for the management of frailty is the 
Comprehensive Geriatric Assessment (CGA). The CGA is a multidisciplinary diag-
nostic process intended to determine a frail elderly person’s medical, psychosocial, 
and functional capabilities and limitations in order to develop a personalized inter-
vention of care and follow-up. This approach is sensitive to detection of levels of 
frailty [10]. Moreover, this process is closely linked to interventions with subse-
quent relevant outcomes. Several evidences showed as CGA improves health-
related outcomes in frail patients in different setting as hospital [31], home care 
[32], and nursing home [33].

The relevance of prevention and management of frailty has been recognized by 
international bodies. The European Commission has recently created the European 
Scaling-up Strategy in Active and Healthy Ageing including an action group focused 
on the prevention of frailty and functional (both cognitive and physical) decline 
[29]. Another relevant European project founded by the Innovative Medicines 
Initiatives is the Sarcopenia and Physical fRailty IN older people: multi-compo-
nenT Treatment strategies (SPRINTT) Study, a large clinical trial specifically 
designed to implement frailty care and prevention across Europe. In SPRINTT, the 
efficacy of a multicomponent intervention, based on long-term structured physical 
activity (including aerobic, strength, flexibility, and balance training), nutritional 
counseling/dietary intervention, and an information and communication technology 
intervention, for preventing mobility disability is tested in comparison with a 
healthy aging lifestyle education program in community-dwelling older persons 
with physical frailty and sarcopenia [34, 35].

Conclusion
As the world’s population ages, the prevention and management of frailty should 
take on primary relevance. Frailty assessment should be integrated into routine 
clinical practice for older patients, encouraging the early identification of at-risk 
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individuals and subsequent interventions. Future studies should focus on trajec-
tories of frailty, and thus on the recognition and modification of pre-clinical 
manifestations and modifiable risk factors, also among adults and young indi-
viduals, evaluating complex multicomponent interventions.
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7Cardiovascular, Cerebrovascular, 
and Renovascular Consequences 
of Ageing May Be Challenged

Timo E. Strandberg

Key Messages

•	 Although vascular disease is a frequent companion of ageing, it is not an inevi-
table process and cannot be considered a normal ageing phenomenon.

•	 The development with ageing of cardio-, cerebro-, and reno-vascular diseases 
can already be challenged through early and effective control of risk factors, by 
healthy lifestyle and drugs already available.

•	 Plasma low density lipoprotein (LDL) level is the main predisposing factor for 
atherosclerotic vascular disease, whereas hypertension, smoking, and hypergly-
cemia are precipitating factors for clinical events.

•	 Hypertension is considered the most important single risk factor of mortality and 
disability.

•	 Many geriatric syndromes may actually have vascular origins: macrovascular 
events (infarctions in coronary or cerebral arteries), microvascular disorders 
(small vessel disease) lead to white matter lesions in the brain, chronic kidney 
disease, and geriatric heart disease (heart failure, atrial fibrillation).

•	 In general, best results of risk factor treatments are achieved when started in 
midlife and continued to old age.

“You are as old as your arteries”
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7.1	 �Introduction

Although vascular disease is a frequent companion of ageing, it is not an inevitable 
process and cannot be considered a normal ageing phenomenon. This notion is sup-
ported by findings in primitive populations, like the Bolivian Amazon Tsimane 
people, who have both low levels of traditional risk factors, such as low density 
lipoprotein (LDL) cholesterol, and very low prevalence of coronary artery disease 
[1]. Moreover, were advanced atherosclerosis an unavoidable part of ageing, we 
should find it eventually in all individuals. This seems not to be the case, as there is 
postmortem evidence of a 115-year-old Dutch woman to be free of significant ath-
erosclerosis [2]. The coronary “epidemic” of the twentieth-century and early vascu-
lar ageing (EVA, [3]) simply reflect longer life and a greater prevalence of risk 
factors such as dyslipidemia and hypertension. Common is not a synonym for 
normal.

Although progress in vascular research will undoubtedly produce more and more 
sophisticated methods to preserve vascular function and health, the development of 
cardio-, cerebro-, and reno-vascular diseases can already be challenged through 
early and effective control of risk factors (aggressive decrease of atherosclerosis 
modifiers, ADAM, [3]) by lifestyle and drugs already available. But results are the 
better, the earlier prevention is begun (Fig. 7.1).

7.2	 �Pathophysiology

In the vessel wall, macro- and microvascular dysfunction is the primary phenomenon 
in the pathophysiology of vascular disease (Fig. 7.2). Upstream factors include oxi-
dative stress, shear and wall stress, and inflammation [4–6] which in turn are caused 
by various risk factors, especially hypertension, dyslipidemia, obesity, and hypergly-
cemia. Factors related to ageing—senescence and growth arrest—contribute and 

Age

Vascular
damage

Early treatment of risk

Late treatment of risk

Early vascular ageing

Average ageing

Fig. 7.1  Time scheme to 
challenge early vascular 
ageing and development of 
vascular disease by risk 
factor treatment (modified 
from [3])
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amplify pathologic process. Subclinical target organ damage in the vessel wall 
(intima-media thickness, stiffness, endothelial dysfunction), heart (left ventricle 
hypertrophy), and kidney (microalbuminuria) can be measured to assess the develop-
ment of vascular damage before clinical events like myocardial infarction, stroke, 
heart, or kidney failure occur.

7.3	 �Ageing and Risk Factors

Chronological age plays a dual role in the context of cardiovascular risk factors and 
diseases. On the one hand, ageing-related changes in the organism (cellular senes-
cence, growth arrest) predispose to pathological factors; on the other hand, age of an 
individual simply reflects the time of predisposition to the total burden of risk fac-
tors. Consequently, chronological age is a major risk factor for any chronic disease, 
but this association may disappear, if analyses are adjusted for markers of biological 
age, such as frailty, and risk factors.

Traditional risk factors consist of predisposing and precipitating risk factors. 
Several lines of evidence show that plasma low density lipoprotein (LDL) level is 
the main predisposing factor for atherosclerotic vascular disease [7, 8], whereas 
hypertension, smoking, and hyperglycemia are precipitating factors for clinical 
events. If LDL cholesterol level is chronically very low (0.5–1.0  mmol/L) as in 
some vegetarian cultures or in persons with mutations leading to low plasma LDL 
cholesterol levels (loss of function of pro-protein convertase subtilisin/kexin type 9 

Shear stress
Wall stress

Oxidative stress Inflammation

Risk factors: LDL, hypertension, smoking, obesity

Early vascular ageing

- Macro-and microvascular  dysfunction 

due to endothelial  dysfunction, vascular stiffness,

atherosclerosis

Ageing;

- Cellular senescence

- Growth arrest

Cardio-, cerebro-, and reno-vascular events

Fig. 7.2  Mechanisms of vascular damage leading clinical events
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[PCSK9] gene, [6]), atherosclerotic cardiovascular disease does not develop or 
develops very slowly despite other risk factors. An extreme case is the loss of apo-
protein B (ApoB), main component of LDL, which has been associated with lon-
gevity and remarkably clean arteries [9].

However, when LDL cholesterol levels are at typical “Western” levels 
(1.8 mmol/L and usually much higher), other risk factors act as precipitators and 
therefore individuals with several concomitant risk factors (high-risk individuals) 
tend to have clinical events earlier.

The effects of risk factors may be resisted by individual protective factors, which 
are often poorly understood. These can be environmental, healthy lifestyle-related, 
or genetic. Protective factors help to explain, why few individuals live a long life 
despite regular smoking or unhealthy diet. Homeostatic mechanisms (low choles-
terol absorption/high excretion) can keep plasma LDL cholesterol levels low despite 
unhealthy diet. Consequences of high blood pressure may be less effectively pro-
tected from increased wall and shear stress over the years, and it is no wonder that 
hypertension is considered the most important single risk factor of mortality and 
disability [10].

7.4	 �Cardio-, Cerebro- and Reno-Vascular Diseases and Their 
Life-Course Development

Among people ≥60 years, it is currently estimated that 30.3%, 15.1%, 9.5%, 7.5% 
and 6.6% of the disease burden is due to cardiovascular disease, cancer, chronic 
respiratory disease, musculoskeletal disease, and neurological and mental disor-
ders, respectively [11, 12]. Importantly, it is considered that even 2/3 of top 15 
causes of death are lifestyle related, potentially preventable, or at least possible to 
postpone. This especially applies to atherosclerotic vascular disease, but in order to 
attain best results, prevention should start early. Non-communicable diseases have 
a long time of development, for example, first signs of atherosclerosis (intima-
media thickening, fatty streaks) can be discerned already in youth [13] although 
clinical events (infarctions, stroke) occur in midlife or later. Sadly, effective treat-
ment is often postponed and especially evidence-based drug treatments, such as 
statins and anti-hypertensives, are initiated relatively late in the pathological process 
and therapeutic effects are less optimal or may be even null. In risk factor control, 
the importance is “not only how much, but how long” (Fig. 7.1).

Fortunately, better control of hypercholesterolemia, hypertension and smoking at 
the population level and through lifestyle changes during the last decades has led to 
dramatic drop in coronary heart disease and stroke among people <65 years of age 
in many countries, for example in Finland where in the 1960s men used to lead 
world statistics in coronary deaths [14]. A positive consequence of this development 
has been that people enter old age in better health, and are living longer.

A crucial question is, however, will the extra years be spent with sustained qual-
ity of life and functionality? Various possibilities exist. The ideal scenario would be 
the “compression of morbidity”, a vision introduced by Fries in 1980: time of 
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disease and disability would be compressed to a short period just before death [15]; 
the worst scenario in turn that most of extra years is spent with disability and comor-
bidity, in other words, healthy lifespan is not prolonged (“expansion of morbidity”). 
It is currently obscure which scenario will prevail and probably there are also differ-
ences between societies and population groups [12].

Another characteristic of the current development is that in old age diseases may 
manifest in different forms, further complicated and modified by the ageing pro-
cess. In addition to macrovascular events (infarctions in coronary or cerebral arter-
ies), microvascular disorders (small vessel disease) lead to white matter lesions in 
the brain, chronic kidney disease and geriatric heart disease (heart failure, atrial 
fibrillation).

Prolongation of lifespan also increases risk for multimorbidity which compli-
cates treatments and leads to polypharmacy with problems of its own. Multimorbidity 
is also closely intertwined with various geriatric syndromes [16], such as frailty, 
which should be considered as important clinical endpoints of midlife risk factors.

7.5	 �Vascular Ageing Is Also Related to Geriatric Syndromes

Geriatric syndromes predispose older people to disability and death [16]. They are 
common among older people, and often coexist with other diseases, especially car-
diovascular diseases and diabetes; many geriatric syndromes may actually have vas-
cular origins [17]. Core pathophysiologic disorders include atherosclerosis, arterial 
stiffening, small vessel disease and amyloid angiopathy. They act in concert to 
induce infarction and hemorrhage in larger and smaller vessels, in the brain they 
predispose to white matter lesions and blood-brain barrier dysfunction, which in 
turn are related to cognitive decline, depression, and delirium. Vascular origins may 
offer good possibilities for long-term prevention.

7.6	 �Midlife Risk Factors for Cardiovascular Diseases 
and Geriatric Syndromes

In the following the focus will be on the most prevalent cardiovascular diseases of 
older people [11, 12]. Except frailty, cognitive disorders, geriatric heart disease, 
research is so far limited for midlife origins of geriatric syndromes.

7.6.1	 �Coronary Heart Disease

The most important predisposing and long-term risk factor is dyslipidemia, espe-
cially high LDL cholesterol level. LDL is a sine qua non for atherosclerotic plaques 
[7], and inflammation enters secondarily. On the other hand, precipitating risk fac-
tors (hypertension, smoking, diabetes) are associated with the probability of clinical 
events in short term (5–10 years).
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7.6.2	 �Cerebrovascular Diseases, “Stroke”

Long-term hypertension is the most important risk factor for both ischemic and 
hemorrhagic stroke [10], whereas chronic or paroxysmal atrial fibrillation is usu-
ally associated with embolic stroke. Obesity contributes to ischemic and hemor-
rhagic stroke, and although hypercholesterolemia has not consistently predicted 
stroke, cholesterol lowering with statins has been shown to decrease also ischemic 
stroke [7].

7.6.3	 �Chronic Kidney Disease

Hypertension is the most important midlife risk factor accompanied by obesity and 
hyperglycemia [10]. Chronic kidney disease is also associated with increased car-
diovascular disease risk.

7.6.4	 �Hypertensive Heart Disease

Hypertension is also an important risk factor for heart failure [10], especially the 
form with reduced ejection fraction (HFrEF). However, because coronary heart dis-
ease is an important cause of HFrEF, hypercholesterolemia is also indirectly 
involved.

7.6.5	 �Atrial Fibrillation

This arrhythmia is usually associated with other heart disease (coronary heart dis-
ease, heart failure) with their general risk factors. AF predisposes to atrial thrombo-
sis and cardiac emboli leading to cerebrovascular occlusion and stroke [18].

7.6.6	 �Frailty and Sarcopenia

If frailty is defined as an index consisting of diseases and disabilities [19], it is 
natural that their risk factors are associated with frailty. There is also some data 
about long-term risk factors of frailty defined as a phenotype. Observational data 
suggest that physical inactivity and obesity in midlife are independent predictors 
of physical frailty [19, 20]. Also total cardiovascular disease risk in midlife pre-
dispose to frailty in old age [20]. Inflammation and other emerging risk factors are 
associated with frailty and sarcopenia, but these may be more downstream factors, 
and no long-term studies are available specifically about the inflammatory state in 
midlife.
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7.7	 �Levels of Prevention

The majority of cardio- cerebro-, and reno-vascular events are caused by “tradi-
tional” risk factors that can be controlled or modified. These include hypertension, 
dyslipidemia (hypercholesterolemia), overweight/obesity, smoking, and physical 
inactivity. Depending on age and target population, different levels of prevention 
may be distinguished:

7.7.1	 �Primordial Prevention

This aims to prevent development of traditional risk factors [21]. Genetic and age-
ing-related factors cannot (as yet) be manipulated, but emerging therapies may 
mimic actions of mutations and longevity mechanisms. Examples include synthesis 
inhibition of PCSK9 protein leading to very low levels to LDL [7]. Currently it is 
possible to promote primordial prevention via lifestyle (not smoking, low sodium 
diet to prevent hypertension, vegetarian diet to prevent dyslipidemia, physical activ-
ity and weight control to prevent obesity etc.), but this must be done early in life and 
also at the societal level through legislation [22].

7.7.2	 �Primary Prevention

This implies modifying adverse levels of risk factors before they cause clinical dis-
ease. This can be attained with intensive lifestyle modifications, but because pro-
cesses have usually been long-standing combining drug treatment with lifestyle 
modifications is more effective.

7.7.3	 �Secondary Prevention

This is similar to primary prevention but is started after a clinical event in order to 
prevent recurrent events. Evidence-based drug treatment, such as statins, is usually 
indicated.

7.8	 �Treatment of Risk Factors in Different  
Phases of Life Course

In observational studies the relationship between risk factors and disease often 
reverses during the life course, but it is very important to discern endogenous (due to 
clinical or subclinical disease, frailty) and exogenous (due to lifestyle or drug treat-
ment) risk factor change. For example, high blood pressure, high cholesterol and 
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high body mass index clearly predict mortality when measured in midlife, whereas 
there is necessarily no association, or even reverse (“obesity paradox”) when the risk 
factor is measured in old age. Several factors may explain these discrepancies. It is 
possible that individuals surviving to old age have protective factors, or risk factors 
may change due to diseases and frailty, which are the true explanations for poorer 
prognosis. Moreover, cross-sectional measurement of risk factors in old age does not 
necessarily reflect the risk factor burden earlier in life. Also medications among older 
people alter risk factor status. On the other hand, the effect of risk factors may be 
age-dependent, although evidences from randomized controlled trials do not gener-
ally support this notion. Antihypertensive drugs prevent clinical events even when 
started in patients aged 80  years or older, cholesterol lowering with statins has 
reduced cardiovascular events at least up to 80 years. There is not much research 
about treatment of obesity in old age, but there is no reason to doubt that calorie 
reduction combined with physical activity would not as such be beneficial, if devel-
opment of sarcopenia or nutritional deficiencies is avoided.

Because chronic diseases, such as cardiovascular diseases, take decades to 
develop, treatment of risk factors started in old age or in terminal stage (heart or 
kidney failure, dementia) is often “too little, too late”.

7.8.1	 �Midlife

In general, best results of risk factor treatments are achieved when started in midlife 
and continued to old age. Table 7.1 presents midlife characteristics which are asso-
ciated with healthy ageing [23]. There is increasing evidence that they would also 
be associated with reduced risk of geriatric syndromes, such as frailty and dementia 
in old age.

These protective factors should be promoted at various levels, both at societal 
level (anti-smoking laws, physical activity-friendly environment, reduction of salt 
or added sugar in foods), and at individual level through lifestyle and drug treatment 
as needed. Especially antihypertensive drugs, statins, aspirin, and tobacco cessation 
drugs are evidence-based therapies to decrease cardiovascular risk and common 
clinical events with minor adverse effects [24]. However, it is more difficult to dem-
onstrate benefits with a controlled trial in the prevention of geriatric syndromes like 
dementia [25], because duration should probably be more than the usual 2–5 years.

Table 7.1  Midlife character-
istics which are associated 
with healthy ageing (modified 
from “Life’s simple 7”, [23])

    • No smoking
    • “Vascular healthy” diet
    • Physical activity at least 30 min daily
    • �Body mass index below 25 kg/m2, no “abdominal 

obesity”
    • �Blood pressure below 120/80 mmHg
    • �Low density lipoprotein (LDL) cholesterol below 

3 mmol/L
    • No diabetes
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A highly interesting idea to improve adherence and prevent clinical events is the 
polypill concept [26], a combination of low doses of cheap antihypertensive and 
statin drugs for individuals above 55 years. The benefits are getting supportive evi-
dence from clinical studies and if preventing or postponing vascular disease would 
also prevent geriatric syndromes, a polypill would be an easy and cost-effective 
solution to promote healthy ageing.

7.8.2	 �Old Age

In general there are no age limits for continuing preventive measures started earlier 
life. The decision to discontinue (“deprescribe”) a medication is dependent on 
assessment of risk-benefit. In terminal stage, treatments are naturally directed away 
from prevention towards palliation. Lifestyle modifications are challenging in old 
age, although stopping smoking, eating a heart and brain healthy diet, and physical 
activity are considered useful at any age. Starting preventive medications, such as 
statins or anti-hypertensives, in people older than 80 years needs individual deci-
sions [27, 28] and are more important in secondary prevention. In the case of atrial 
fibrillation, anticoagulation with warfarin or direct anticoagulants is an effective 
form of therapy to prevent cerebrovascular disease also in old age [29].

�Conclusions
In the prevention of cardio-, cerebro-, and reno-vascular diseases, it is important 
to recognize the long-term development of these conditions. In ageing societies 
they constitute an enormous burden for health and nursing care. It is also impor-
tant to realize that excellent possibilities already exist to prevent these conditions 
and promote healthy ageing, but for best results prevention should start early in 
persons at risk.
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Key Messages

•	 According to the Diabetes Atlas 2017, it is estimated that worldwide, 425 million 
aged 20–79 years are suffering from both diagnosed and undiagnosed diabetes.

•	 Over 60% of adults aged over 65  years have 2 or more chronic conditions. 
Socioeconomically disadvantaged individuals have a higher burden of 
multimorbidity.

•	 For all people, testing for dysglycemia should begin at the age of 45  years. 
Testing HbA1c alone is neither sensitive nor specific enough for detecting pre-
diabetes in big cohorts. Fasting glucose on the other hand is specific but not very 
sensitive. Thus, broad population-based “screen and treat” policies alone are 
unlikely to have substantial impact on the worsening epidemic of T2D.

•	 In general, prevention of overweight and obesity in adolescence and midlife is 
one of the most important determinants of preventing development of diabetes in 
further life.

•	 Lifestyle interventions appear more sustainable to prevent diabetes in compari-
son to pharmaceutical approaches which loose efficacy after stopping and bear 
the risk of side-effects.

•	 If T2D is present, besides adequate lifestyle modification modern pharmaceuti-
cal strategies are required to safely control hyperglycemia in order to prevent 
severe acute and chronic complications, especially severe hypoglycemia and pre-
mature kidney and eye disease, cardiovascular complications, and death.

8.1	 �Introduction

The number of patients with T2D mellitus (T2D) is steeply increasing. According to 
the Diabetes Atlas 2017 published yearly by the International Diabetes Federation 
(IDF), it is estimated for all forms of both diagnosed and undiagnosed diabetes that 
worldwide 425 million aged 20–79 years are affected, a number which will rise to 
629 million people in 2045. Nowadays 1 in 2 patients is undiagnosed, two third of 
diabetic patients are in working age between 20 and 64 years [1].

In Germany, age- and sex-standardized all-cause mortality is almost twice as 
high for adults with T2D as for adults without T2D. T2D’s associated excess risk for 
mortality appears to be most pronounced in younger adults and among those 
unaware of their disease [2].

In the USA in 2010, over 60% of adults aged 65 years or more had two or more 
chronic conditions as did a third of adults aged 45–64 years. Socioeconomically 
disadvantaged individuals have a higher burden of multimorbidity, and they develop 
multiple chronic conditions 10–15 years earlier than those who are more socioeco-
nomically advantaged. People with multimorbidity are common users of health 
care, generate costs, and are at increased risk for adverse events. Most of these 
individuals are cared for practitioners with inadequate expertise in geriatrics or mul-
timorbidity [3].
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Thus, strategies in midlife to prevent development of diabetes mellitus, mostly 
T2D, and its negative late sequela for health are of imminent importance for the 
individual as well as for societies and health systems [4]. If diabetes is diagnosed, 
adequate lifestyle modification and modern pharmaceutical strategies are required 
to safely control hyperglycemia in order to prevent severe acute and chronic com-
plications [5].

In this context, management of body weight seems to play a crucial role in pre-
vention and also treatment of diabetes mellitus and its further prognosis.

8.2	 �Body Weight Management, Risk of T2D, and Mortality

In general, prevention of overweight and obesity in adolescence and midlife is one 
of the most important determinants of preventing development of diabetes in fur-
ther life. According to a large population-based study, weight maintenance in 
adulthood is strongly associated with reduced incident diabetes risk, and there is 
considerable potential for diabetes prevention in promoting this as a whole popula-
tion strategy [6].

Following the results of the Global BMI Mortality Collaboration in non-diabetic 
populations, the association of both overweight and obesity with higher all-cause 
mortality is broadly consistent in different continents. For BMI over 25.0 kg/m2, the 
Hazard Ratio (HR) for increased mortality per 5 kg/m2 units higher BMI was 1.39 in 
Europe and 1.29 in North America. This HR was greater in younger than in older 
people (1.52 for BMI measured at 35–49  years vs. 1.21 for BMI measured at 
70–89 years, p < 0.0001) [7].

On the other hand, in patients with already existing T2D an “obesity paradoxon” 
appears concerning the risk of mortality, also modified by age. This means that 
older diabetic persons have a better prognosis when they are overweight: A recent 
meta-analysis including 250,016 patients shows a significantly lower risk of all-
cause mortality in overweight patients with diabetes compared with normal patients. 
However, the survival benefits were only observed among the elderly patients older 
than 65 years of life. Furthermore, the beneficial prognostic impacts of overweight 
and obesity were attenuated with clinical follow-up duration [8].

When differentiating individuals according to their state of glycemia by group in 
a recently published cohort study optimal BMI (kg/m2) for the lowest mortality by 
group was 23.5–27.9 (normoglycemia), 25–27.9 (impaired fasting glucose), 
25–29.4 (newly diagnosed diabetes), and 26.5–29.4 (prevalent diabetes). The rela-
tionship between worsening diabetes status and higher mortality was stronger with 
lower BMI, especially at younger ages. Given the same BMI, people with prevalent 
diabetes had higher mortality compared with those with newly diagnosed diabetes, 
and this was more striking in women than in men. U-curve relationships existed 
regardless of diabetes status. Optimal BMI for lowest mortality became gradually 
higher with worsening diabetes for each gender and age group [9].
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8.3	 �Screening for T2D in Midlife

For all people, testing for dysglycemia should begin at the age of 45 years. If tests 
are normal, repeat testing carried out at 3-year interval is reasonable. To test for T2D 
or pre-diabetes, fasting plasma glucose, 2-h plasma glucose during 75-g oral glu-
cose tolerance test, and glycosylated hemoglobin 1c (HbA1c) are equally appropri-
ate [10]. According to a recent meta-analysis however, HbA1c is neither sensitive 
nor specific for detecting pre-diabetes in big cohorts. On the other hand, fasting 
glucose is specific but not sensitive. Yet, on the basis of this systematic review, inter-
ventions in people classified through screening as having pre-diabetes have some 
efficacy in preventing or delaying onset of T2D in specific trial populations. In 
contrary, in clinical practice as routine screening methodology per se is inaccurate, 
many people will receive an incorrect diagnosis and be referred to interventions 
while others will be falsely reassured and not offered the intervention. These find-
ings from the review suggest that “screen and treat” policies alone are unlikely to 
have substantial impact on the worsening epidemic of T2D [11].

8.4	 �Strategies for Prevention in High Risk Populations  
and/or Reversal of Manifest T2D

Weight reduction of 15 kg or more in individuals aged 20–65 years with a body 
mass index (BMI) of 27–45 kg/m2 and a known duration of non-insulin requiring 
diabetes of less than 6  years leads to a complete diabetes remission of 86% of 
included patients in an open-label trial in primary care. Overall, the study results 
show that, after 12 months of nutritional intervention, almost half of the participants 
in the active study arm achieved remission to a non-diabetic state and was off anti-
diabetic drugs. Thus, remission of T2D appears as realistic target also for primary 
care although sustainability of this effect has to be proven over a longer period of 
time [12].

From a pathophysiological point of view, weight loss results in improved insu-
lin sensitivity in muscles and liver, decreases intra-organ fat content, and might 
improve insulin secretion. In the long term, weight loss might help to preserve 
ß-cell mass, maybe by decreased fat content of the pancreas. The role of physical 
activity and quality of diet, such as dietary fiber and fatty acid composition should 
not be forgotten when considering the long-term success of prevention and treat-
ment of T2D [12].

Lifestyle interventions in middle-aged pre-diabetic cohorts with 7% weight loss 
in the first 6  months of intervention and a goal for physical activity of at least 
150  min of moderate-intensity physical activity per week similar in intensity to 
brisk walking reduced the incidence of overt T2D by 58% over about 3 years of 
observation versus control in the Finish Diabetes Prevention Study (DPS) as well as 
in the American Diabetes Prevention Program (DPP) [13, 14].

Long-term follow-ups of these two studies have shown sustained reduction in the 
rate of conversion to T2D: 43% reduction at 7  years in the Diabetes Prevention 
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Study (DPS), and 34% reduction at 10 years and 27% reduction at 15 years in the 
Diabetes Prevention Program Outcomes Study (DPPOS), an observational exten-
sion of the DPP [4].

As to pharmaceutical attempts of T2D prevention, in the DPP metformin reduced 
the incidence of new diabetes by 31% compared with placebo after an average fol-
low-up of 2.8 years, with a greater effect in those who were more obese, younger, 
had a higher fasting glucose or a history of gestational diabetes. DPPOS addressed 
the longer term effects of metformin, showing a risk reduction of 18% over 10 and 
15 years post-randomization. Metformin treatment for diabetes prevention was esti-
mated to be cost-saving. In the DPP, obese participants with BMI >35 kg/m2 were 
more responsive to metformin than placebo, with a 53% risk reduction for diabetes 
but only a 3% reduction in those with BMI 22 to <30 kg/m2. Although not signifi-
cant, metformin appeared more effective in younger participants compared with 
placebo, reducing diabetes onset by 44% in those 24–44 years old vs. 11% in those 
>60 years of age at study entry [15].

Nonetheless, metformin is not licensed for prevention of T2D, nor is any other 
pharmaceutical compound licensed for that indication for the time being, although 
in pre-diabetic cohorts the thiazolidinediones (glitazones  =  insulin-sensitizers), 
rosiglitazone and pioglitazone, the alpha-glucosidase inhibitor acarbose, and the 
long-acting insulin analogon glargine could show reduction of new-onset diabetes 
in specific clinical trials [4]. The potential clinical role of Glucagon-Like-Peptide-1 
receptor agonists (GLP-1-RA) like the subcutaneously injectable liraglutide for that 
purpose is still under investigation [16]. According to a recent meta-analysis, life-
style interventions in general appear more sustainable concerning their preventive 
potential to prevent diabetes in comparison to different pharmaceutical approaches 
which—up to now—loose efficacy after stopping and wash out and bear the risk of 
side-effects (e.g., increased risk of bone fractures in postmenopausal women under 
glitazone treatment) [17].

8.5	 �Anti-Hypoglycemic Agents and Their Potential  
“Anti-Aging” Effects

In a recent meta-analysis, based on the findings of an observed reduction in all-
cause mortality and diseases of aging independent on its effect on diabetes control, 
the hypothesis was put forward that metformin could be extending life and health 
spans by acting as geroprotective agent [18]. Although metformin’s effect on clini-
cal aging outcomes may still be considered speculative, the findings from studies 
into cellular and animal models and from observational and pilot human studies 
support the existence of beneficial effects on aging. At present, randomized clinical 
trials to evaluate metformin’s clinical impact are ongoing [19].

In long-term clinical use however, it has to be borne in mind that metformin may 
lower vitamin B12 concentrations in blood consequently to impaired vitamin B12-
absorption, as shown in the DPPOS [20]. This observation and consequently vita-
min B12 supplementation, when necessary, seem important because an association 
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exists between vitamin B12 deficit and development of geriatric syndromes, not 
determined if causal or not [21].

On the other hand, concerning incidence of Parkinson’s disease, according to 
data from the Norwegian Prescription Database glitazone use was associated with a 
significantly lower incidence of Parkinson’s disease compared with metformin-only 
use (hazard ratio, 0.72; confidence interval, 0.55–0.94; p = 0.01) during a 10-year 
observation period [22]. Further studies are warranted to confirm and understand 
the role of glitazones in neurodegeneration.

Also, the once-weekly GLP-1-RA exenatide LAR had positive effects on practi-
cally defined off-medication motor scores in non-diabetic patients with moderate 
Parkinson’s disease, which were sustained beyond the period of exposure. Whether 
exenatide affects the underlying disease pathophysiology or simply induces long-
lasting symptomatic effects on everyday symptoms remain uncertain and should be 
examined in longer trials [23].

8.6	 �Glycemic Control and Weight Management in Manifest 
Diabetes

For patients with both T1D and T2D mellitus, there are positive and statistically 
significant associations between being overweight or obese and having sub-optimal 
glycemic control [24].

In a meta-analysis at group level, weight loss in obese and overweight T2D 
patients is consistently accompanied by HbA1c reduction in a dose-dependent man-
ner, corresponding to a mean HbA1c reduction of 0.1% per each kilogram of mean 
weight loss whereby HbA1c lowering is greater in populations with poor glycemic 
control than in well-controlled populations with the same degree of weight loss [25].

In an open-label study, 5-year outcome data showed that, among patients with 
T2D and a BMI of 27–43 kg/m2, bariatric surgery plus intensive medical therapy 
was more effective than intensive medical therapy alone in decreasing, or in some 
cases resolving, hyperglycemia [26].

8.7	 �Nutrition, Diabetes Mellitus, and Successful  
Aging or Frailty

In the context of medically induced weight reduction, it has to be stated that to my 
knowledge no convincing studies are published which prove the long-term benefits 
on age-related disabilities, geriatric syndromes and/or mortality in obese persons 
over 65 years or older.

Yet, there is evidence that diet quality in later life may influence the development 
of frailty. Adherence to the Mediterranean diet seems to be particularly protective 
against developing frailty. This effect appears to be related predominantly to a 
higher intake in polyphenols. Overall, it seems that anorexia of aging and associated 
weight loss represents an important role in the pathophysiology of frailty [27].
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Frailty is a common finding and may be present in 32–48% of adults aged 
65 years and over with manifest T2D and is associated with adverse outcomes and 
reduced survival. Frailty is regarded as a pre-disability condition that creates oppor-
tunity for intervention to enhance functional performance [28] (see Chap. 7).

Thus, advice for iatrogenic weight reduction and management in older age must 
be given with caution and should be combined with an adequate supply of protein, 
vitamins and trace elements, and an exercise program to prevent myopenia.

The importance of understanding different levels of patient enthusiasm and dif-
ferent responses to exercise should guide the participatory phase of sarcopenic treat-
ment [29].

Concerning intake of alcohol, in a large survey consumption of alcohol over 
3–4 days per week is associated with the lowest risk of diabetes, even taking average 
weekly consumption into account. Compared with current alcohol consumers con-
suming <1 day/week, consumption of alcohol on 3–4 days weekly was associated 
with significantly lower risk for diabetes in men (HR 0.73) and women (HR 0.68) 
after adjusting for confounders and average weekly alcohol amount [30].

8.8	 �Diabetes Mellitus and Cardiovascular Disease (CVD)

For patients with T2D, cardiovascular disease (CVD) is the single most common 
cause of mortality. The average life expectancy of a 60-year-old male with T2D and 
no risk of cardiovascular (CV) disease (CVD) is 12 years less than his counterpart 
without diabetes, mostly owing to a 58% increase in risk in CV death [31].

Since autumn 2015 several published clinical cardiovascular outcomes trials 
(CVOTs) with new pharmaceutical compounds in the field of T2D have changed the 
knowledge how to select and prioritize glycemic treatment [5].

To date, in summer of 2018, empagliflozin and canagliflozin, two inhibitors of 
the sodium-glucose-transporter-2 system (sGLT-2-inhibitors) in the kidney, and 
liraglutide and semaglutide, two long-acting GLP-1 receptor agonists have proven 
to significantly reduce primary composite CV endpoints in T2D patients (partly 
empagliflozin and liraglutide also isolated CV and total mortality), mainly in those 
with pre-existing cardiovascular and/or multiple cardiovascular risk factors. Also 
secondary kidney endpoints were significantly reduced, clinically more relevant 
under sGLT-2 inhibition with empagliflozin and canagliflozin [5].

The short-acting GLP-RA lixisenatide and the long-acting GLP-1-RA exenatide 
LAR failed to show significant reduction in the composite primary endpoint, maybe 
due to different study designs and study populations [5].

More of those studies are to follow in the next years with similar compounds (i.e. 
dagliflozin and dulaglutide).

Several published CVOTs with oral dipeptidyp-peptidase-4 (DPP-4)-inhibitors 
(Alo-, Saxa-, Lina- and Sitagliptin) brought neutral results in cardiovascular out-
comes versus placebo on top of standard diabetes therapy [5]. The patients at inclu-
sion into those CVOTs were uniformly in the early 60s with about 60% of male 
predominance.
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In light of these recent CVOTs in the field of diabetes mellitus, the diagnosis, 
assessment, treatment choice, and monitoring of patients with T2D and established 
CVD and/or chronic kidney disease (CKD) have to be considered in choice of anti-
glycemic drugs together with existing guidelines [32].

Nonetheless, up to 2018, metformin stays the primary and basal therapeutic 
option, if not tolerated or contraindicated [5].

In contrast to insulin therapy and therapy with sulfonylurea or glinides, all the 
other and especially the modern therapeutic options have in common that they do 
not induce hypoglycemia per se (that means if not combined with insulin and sulfo-
nylurea/glinides).

That seems of special importance because looking at routine data from over 
300,000 people in the UK, collected between 2004 and 2015, it was found that 
lower levels of glycated hemoglobin—typically regarded as being good diabetes 
control—were associated with increased mortality risk, compared to moderate lev-
els, especially in conjunction with intensive treatments that could cause hypoglyce-
mia. Furthermore, the pattern of mortality in relation to glucose control differed in 
relation to differing types of diabetes drugs. Of most concern was an increase in 
mortality risk in those with low glycated hemoglobin reflecting “good control” with 
T2D who were treated with insulin and other glucose lowering drugs that induce 
hypoglycemia. In contrary, high levels of HbA1c were associated with the expected 
elevated mortality risk in regimes with low hypoglycemia risk [33]. Yet, it has to be 
stated that this association is observational and there is no scientific proof for 
causality.

As to statin intake and diabetes risk, a large meta-analysis comes to the conclu-
sion that statin therapy is associated with an on average 9% increased risk for inci-
dent diabetes which was highest in trials with older participants. Clinical practice of 
obligatory statin use in patients with moderate or high CV risk or existing CVD 
should not change because this risk is low in absolute terms and especially nego-
tiable when compared with the proven statin-induced reduction in CV events [34]. 
In a recent study, risk for new-onset diabetes in elderly women increased with 
increasing dose of statin from the hazard ratio of 1.17 for the lowest dose to 1.51 for 
the highest dose of statin. Overall, this equates to a number needed to harm (NNH) 
of 131 for 5 years of exposure to statins [35].

8.9	 �Public Health Considerations (Advice for Political 
Decision-Makers)

According to a recent study, functional impairment and decline are common in mid-
dle age, as are transitions from impairment to independence and back again. Because 
functional decline in older adults has similar features, current interventions used for 
prevention in older adults may hold promise for those in middle age. In this study, 
sedentary people in their middle ages were at greater risk of developing a functional 
impairment. Regular exercise and, if needed, weight loss may help manage medical 
conditions like arthritis and T2D and possibly cut the risk for future disabilities [36].
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A healthy environment is also of crucial importance for the potential health ben-
efits of walking and out-door exercise, especially in chronically ill, but also in 
healthy people. Short-term exposure to traffic pollution prevents the beneficial car-
diopulmonary effects of walking in people with chronic obstructive pulmonary dis-
ease (COPD), ischemic heart disease, and those free from chronic cardiopulmonary 
diseases. Medication use might reduce the adverse effects of air pollution in indi-
viduals with ischemic heart disease. Policies should aim to control ambient levels of 
air pollution along busy streets in view of these negative health effects [37].

Coming to nutrition, significant declines in sugar-sweetened beverages (SSB) 
were observed 1 year after taxing SSBs, even in a relatively affluent community as 
in Berkeley, California, USA, with a general lower intake of SSBs compared to 
national levels. This wanted nutritional change was accompanied by revenues from 
public tax, potentially used for other prevention interventions. Yet, further evalua-
tion of taxation of SSBs is needed to assess broader dietary and potential health 
impacts [38]. This assumption however, seems promising, since recent evidence 
suggests that SSB consumption is positively associated with or has an effect on 
obesity indices in children and adults supporting public health policies to reduce the 
consumption of SSBs and encourage healthy alternatives as water [39].

Also regular use of nutrition labels may have important long-term health impli-
cations. During a follow-up from 2002 and 2013, a statistical analysis suggested 
that in nutrition label users, the hazard risk (HR) of a diabetes diagnosis decreased 
significantly with time compared with the risk in nutrition label non-users. However, 
additional longitudinal research with a robust dietary intake analysis is needed to 
test this hypothesis [40].
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Key Messages

•	 Asthma and chronic obstructive pulmonary disease (COPD) have been consid-
ered to be major causes of morbidity from childhood to old age.

•	 Prevalence of bronchial asthma reaches approximately 12% of children, 11% of 
adults, and 6–10% in elders. Asthma results from complex gene-environmental 
interactions and may have both allergic and non-allergic etiology.

•	 Chronic obstructive pulmonary disease (COPD) affects 10% of adult population 
and is the most common among elderly subjects. COPD is the fourth leading 
cause of death in the world.

•	 Although bronchial asthma and COPD result in the airway obstruction and give 
similar respiratory symptoms, they are separate entities with different etiology. 
Bronchial asthma usually develops in childhood and is associated with allergy, 
while COPD is associated with smoking and affects mostly adult or elderly 
subjects.

•	 A history of asthma in a childhood significantly increases the risk of chronic 
obstructive pulmonary disease later in life; in a proportion of patients, symptoms 
of asthma and COPD may co-exist, which has been referred to as the asthma 
COPD overlap syndrome (ACOS).

•	 Primary and secondary prevention of these diseases are essential and effective,  
“saving” age-related respiratory function decline.
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9.1	 �Introduction

The prevalence of chronic airway diseases has been steadily increasing in recent 
decades. Bronchial asthma affects 300 million individuals worldwide [1] and in the 
USA approximately 11% of adults and 12% of children have been diagnosed with 
asthma in their lifetime [2]. In Europe, asthma prevalence varies depending on the 
country economic status and ranges from 1.6% in Romania, 2% in Bulgaria, 5.4% 
in Poland, 6.7% in Spain, 7.9% in Germany, 10.6% in France to 17.8% in the UK, 
and 20.6% in Sweden [3]. Although asthma is among the most frequent chronic 
conditions in childhood, it also affects adults and elderly patients. In high income 
countries, the prevalence of asthma in adults above 64 years old ranges between 6 
and 10%. Due to a predicted 100% increase of population aged >64 years in the next 
20 years, it is reasonable to expect increasing asthma morbidity, especially that in 
the elderly patients asthma is often misdiagnosed, and the mortality rate remains 
high [4, 5].

Chronic Obstructive Pulmonary Disease (COPD) affects 10% of adult popula-
tion, and is the most common among elderly subjects. In 2012, more than three 
million people died of COPD which is the fourth leading cause of death in the world 
[6]. Interestingly, in a proportion of patients, symptoms of asthma and COPD may 
co-exist, which has been referred to as the Asthma COPD Overlap Syndrome 
(ACOS). The burden of concomitant asthma and COPD is significant, given the 
reported overlap rate of 40–60% in elderly subjects [5].

9.2	 �Asthma Risk Factors

Asthma results from complex gene-environmental interactions and may have both 
allergic and non-allergic etiology. Multiple genes may contribute to asthma devel-
opment at various ages including those related to immune response to pathogens 
and atopy, which is associated with tendency to synthesis of allergen-specific IgE, 
impaired relation between Th1- and Th2-type immune responses and bronchial 
hyperresponsiveness [7, 8]. Recently, particular attention has been paid to the air-
way epithelial integrity related to impaired tight junction functions [9]. Furthermore, 
differences in the prevalence of asthma between males and females suggest the 
importance of hormones and age; in childhood, boys are at 2 times higher risk of 
asthma development than girls, while in adulthood, more women suffer from asthma 
[7]. Additionally, in adult women, obesity becomes a relevant asthma risk factor, 
which is related to the late-onset of the disease.

The rapid increase of respiratory allergies and asthma prevalence may result 
from the influence of environmental factors on the immune system, airways and 
whole organism, together called an exposome. The exposome consists of 3 types of 
exposures: firstly, the general external environment (climate, air pollution, urban-
rural residence, social capital, and education); secondly, one’s specific external 
environment and behaviors (diet, physical activity, tobacco smoking, infection, and 
occupation); and, finally, the internal environment, including the biological and 
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metabolic/toxicological manifestations of these exposures in the body [10, 11]. 
Respiratory tracts are particularly susceptible to air pollution from 2 key sources: 
(1) traffic-related air pollution (TRAP), including carbon monoxide, nitrogen 
oxides, benzene, ultrafine particles, and endocrine disruptors, and (2) environmental 
tobacco smoke. They all may affect allergic airway disease development [7, 11]. 
One should also consider that people working on farms, in laboratory animal facili-
ties, painters, cleaners, and plastic manufacturers are at higher risk of asthma devel-
opment [7]. Additionally, infections to human rhinovirus (HRV) and respiratory 
syncytial virus (RSV) in early childhood were shown to predict the allergic sensiti-
zation and the development of asthma childhood and adulthood, while CMV infec-
tion may be associated with asthma at older ages [7, 8, 12].

In a proportion of patients with asthma, allergic sensitization is not detectable; 
therefore, these patients are considered to have a non-allergic asthma. Etiology of 
this form of asthma is less clear although a pathophysiology seems to be similar, 
involving development of predominantly Th2-type inflammation in the airway 
mucosa, viral infections, and environmental factors mentioned above.

9.2.1	 �Asthma Primary Prevention

Strategies for asthma prevention are based on the influence on life span risk factors 
and include efforts associated with both primary and secondary prevention. 
However, limited information is available addressing primary prevention of asthma, 
especially with respect to allergic sensitization, and majority of studies give con-
flicting results. Although some studies suggested that maternal intake of food aller-
gens may be associated with a decrease in asthma in the offspring [7], there is no 
firm evidence that exposure to specific foods during pregnancy decreases the risk 
for asthma [13]. Breast-feeding may decrease wheezing episodes in early life, but it 
does not seem to prevent development of persistent asthma. Similarly, maternal 
vitamin D and vitamin E intake was associated with lower risk of wheezing epi-
sodes in children and the development of asthma and allergic rhinitis by some stud-
ies, but not by the others [7, 14]. It is worth mentioning that antibiotics and 
paracetamol use by pregnant mothers and infants may also be associated with 
asthma development [7]. Eventually, no dietary changes during pregnancy and early 
maternity are recommended for prevention of allergy and asthma (Table 9.1).

There may exist a nonlinear dose–response relationship between house dust mite 
exposure and development of allergic disease, as exposure to both very low and very 

Table 9.1  Current recommendations for asthma primary prevention, based on high quality evi-
dence or consensus (GINA 2017 [7])

*Children should not be exposed to environmental tobacco smoke during pregnancy and after 
birth
*Vaginal delivery should be encouraged where possible
*Breast-feeding is advised, for reasons other than prevention of allergy and asthma
*The use of broad-spectrum antibiotics during the first year of life should be discouraged
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high levels of allergen correlates with decreased risk of sensitization and asthma; 
while exposure to intermediate levels of allergen is associated with increased risk 
[10]. Similarly, exposure to pets may be associated with both increased and 
decreased risk of sensitization and asthma development. Some authors suggest that 
presence of cats or dogs during pregnancy or early childhood may exert a protective 
effect against hypersensitivity to these animal allergens. It is even suggested that the 
number of animals in the yard or at home can make a difference for the immune 
tolerance induction and the risk of allergic sensitization [7, 15]. Nevertheless, 
guidelines on allergy prevention do not recommend any measures for the house dust 
mite or animal allergen exposure as primary prevention (Fig. 9.1).

Prenatal, postnatal, and early-life exposure to cigarette smoke and air pollutants 
are of particular interest in efforts to prevent detrimental effects on lung develop-
ment, as many studies have demonstrated an association between early-life expo-
sure to pollutants and asthma. Exposure to tobacco smoke has been identified as a 
major risk factor for asthma, especially with in utero or during early life [16]. 
Increasing exposure to NO2, PM2.5, and black carbon at the birth address and 

Microbiome

Possible outcome

Onset elimination
Severity decrease

Air pollution

Allergens

Farm Exposure
Antibiotic use
Breast feeding
RSV and HRV
immunization

Home remediation
Pet control

Humidity control
Mold control
Insect traps

Smoking Cessation
Urban planning

Housing distance
National regulations

Fig. 9.1  Potential interventions reducing the risk of allergic disease development (based on [10])
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childhood was shown to be associated with increased asthma incidence through 
adolescence [17]. Therefore, smoking cessation and avoidance of the exposure to 
passive smoking, and indoor and outdoor air pollutants, and conditions that promote 
mold are strongly recommended.

According to microflora hypothesis, the impact of microbiota on human may be 
beneficial in asthma prevention. Children raised on farms exposed to stables, con-
suming raw, unpasteurized milk, and having more bacterial-derived lipopolysac-
charide endotoxin (LPS) in their bedrooms have lower risk of asthma than children 
of non-farmers [18]. This putative protective effect of the farming environment 
against childhood asthma has been attributed to the hygiene hypothesis, according 
to which the reduced intensity and diversity of microbial exposure is considered a 
major factor driving abnormal postnatal immune maturation [19]. It is believed that 
the influence of microbes and infections during early childhood may lead to the 
establishment of specific immune tolerance to allergens, thus reducing the risk of 
allergy and asthma development [7]. To support this approach, recent meta-analysis 
of 17 trials indicated that combined pre- and postnatal probiotic treatment reduced 
the risk of sensitization [20]. However, international expert bodies, including 
European Academy of Allergy and Clinical Immunology, American Academy of 
Pediatrics, European Society for Pediatrics Gastroenterology, Hepatology and 
Nutrition, National Institute of Allergy and Infectious Diseases, and WHO do not 
generally recommend probiotics for allergy prevention [19].

Another strategy proposed for primary prevention of asthma includes prevention of 
viral infection, mostly HRV and RSV, in early life. A few trials suggested lower inci-
dence of recurrent wheezing in premature infants treated with palivizumab a monoclo-
nal antibody against RSV, and fewer wheezing days during the first year of life. In the 
other study, although palivizumab decreased recurrent wheezing in up to a 6-year fol-
low-up in preterm infants, it did not affected rates of atopic asthma [21, 22]. Whether 
these effects would translate into long-term prevention of asthma, still remains unknown.

9.2.2	 �Asthma Secondary Prevention

Secondary prevention strategies should be based mostly on the proper asthma treat-
ment and optimal control, prevention of exacerbations due to viral and bacterial 
infections, and decreased exposure to aeroallergens.

One should also consider allergen-specific immunotherapy as the prevention of 
sensitization to aeroallergens and likelihood of asthma development. According to 
the concept: “one airway, one disease,” asthma often co-exist with allergic rhinitis, 
and upper airway disease may affect asthma control and severity [7]. Allergen-
specific immunotherapy in allergic rhinitis patients during their childhood and ado-
lescence is considered a key candidate for a preventive intervention in asthma [23]. 
Preventive allergen therapy (PAT) study in children with seasonal allergic rhinitis 
demonstrated a reduction of the risk of seasonal asthma by about 50%. In the PAT 
study, the risk of asthma outside the pollen season was reduced in patients on pol-
len-specific immunotherapy, suggesting nonspecific asthma-preventing effects [23].
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Future studies should focus on identifying the effect of the summation of various 
environmental factors and epigenetic effects of these exposures. This approach can 
more effectively identify the interventions that will have the greatest effect [10].

9.3	 �Chronic Obstructive Pulmonary Disease

Chronic Obstructive Pulmonary Disease (COPD) is common, preventable, and 
treatable disease characterized by persistent respiratory symptoms and airflow limi-
tation that is due to airway and/or alveolar abnormalities usually caused by signifi-
cant exposure to noxious particles or gases [6]. The most common respiratory 
symptoms include dyspnea, cough, and/or sputum production.

9.3.1	 �COPD Risk Factors

Tobacco smoking is the major risk factor for COPD development, and more than 
75% of the COPD deaths have been attributed to smoke exposure [24]. However, 
exposure to other environmental factors, including air pollution and biomass fuel, as 
well as host factors, such as genetic determinants, abnormal airways development, 
and finally aging may lead to the development of COPD [6]. As exposure to risk 
factors is going to be continued and because of aging of the population, a COPD 
burden is projected to increase in coming decades.

9.3.2	 �Prevention of COPD

Smoking avoidance and/or quitting as early as possible have been recommended for 
both primary and secondary COPD prevention [24]. Why smoking cessation is so 
important? After attaining a maximum in young adulthood, in most individuals, 
lung volume remains constant for about 10 years, after which it slowly declines at 
about 20 mL per year in the healthy never-smoking individuals [25]. In tobacco 
smokers, the duration of the “plateau phase” is reduced and the decline begins ear-
lier. Therefore, smoking cessation is essential for COPD management, leading to 
decrease in respiratory symptoms and hospitalizations, but also declining number of 
acute exacerbation and overall mortality. There is a strong evidence that the earlier 
the individual quits smoking, the more favorable will be the outcome of the disease 
[24]. For heavy smokers who may find difficulties with quitting this habit, effective 
support can be provided, including pharmaceutical approach, practical counseling 
as well as social and psychological support.

Although pharmacological treatment of COPD has been generally regarded as 
not affecting lung function decline, available study results contradict this general 
belief. Recent studies documented that combination of inhaled corticosteroid with 
long or ultra-long-lasting beta2-mimetic may result in a significant improvement in 
the rate of FEV1 decline [26, 27]. Proper physical activity and high-quality diet also 
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play important roles in delaying disease process, improving quality of life, and 
reducing COPD-related outcomes. Therefore, adoption of healthy lifestyle behav-
iors, including regular exercise, and healthy diet are recommended for the self-
management and secondary prevention of COPD. Additional reduction of the risk 
from indoor and outdoor air pollution is feasible but requires individual approaches 
including combination of public policy, local and national resources, and cultural 
changes [6].

9.4	 �Preventing Airway Obstruction in Childhood May 
Prevent Development of the Airway Disease Later 
in Life

Although bronchial asthma and COPD result in the airway obstruction and give 
similar respiratory symptoms, they both have been considered completely separate 
entities with different etiology. Bronchial asthma usually develops in childhood and 
is associated with allergy, while COPD is associated with smoking and affects 
mostly adult or elderly subjects. However, recent studies suggest that both obstruc-
tive airway diseases may be strongly linked together. A history of asthma in a child-
hood significantly increases the risk of chronic obstructive pulmonary disease later 
in life. Children with reduced maximum growth of FEV1 in early adulthood are at 
risk for early or more severe COPD [28]. Reduced lung function associated with 
childhood asthma, which starts in infancy may persist through childhood and adult-
hood, and lead to development of COPD [29]. These observations suggest that early 
prevention and treatment of asthma allowing for “saving” respiratory function 
decline may lead to better respiratory health in the adulthood and in the elderly. 
However, direct evidence for such effects is lacking; therefore, more prospective 
studies are needed to develop effective strategies allowing for lifetime prevention of 
chronic airway diseases.
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10Updated Technology and Early 
Detection of Cancers: Pulmonary, Breast, 
Colon, and Prostate

Fabrice Denis

Key Messages

•	 Recent advances in technology provide a solution in the form of patient-reported 
outcomes (PROs) recorded electronically using simple but methodologically 
robust questionnaires, completed by patients and regularly transmitted to the 
medical team.

•	 Some web-applications for patient’s-reported outcome allowing relapse detec-
tion in patients who have been treated for cancer recently showed interesting 
survival in a multicenter randomized trial in lung cancer.

•	 Several institutions have successfully integrated systematic patient’s-reported 
outcome collection into routine clinical care for relapse of various cancers but 
also auto-immune disease, chronic kidney, or heart failure.

•	 Another possible application is the early detection of cancer in high risk patients 
(especially smokers).

•	 Limitations of e-Health technology in cancer prevention are the limited use of 
online portals by patients, reimbursement issues, changes in the health care team 
dynamic. However, this technology increases both the survival and quality of life 
of cancer patients.

10.1	 �Background

Early detection of cancer or cancer relapse is an important issue to improve survival. 
However, up to now, one of the most common strategies to early detect cancer or for 
a routine follow-up after cancer treatment is to track the appearance of tumors by 
performing regular clinical assessments with (or without) imaging at a few months 
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or years of interval. Nevertheless, such a follow-up is not always without any risk 
since, for instance, patients with non-Hodgkin’s lymphoma who received more than 
8 CT scans have a probability for secondary primary malignancies twice greater 
than those who received less than 8 [1].

E-health applications are increasingly used by patients and physicians to monitor 
weight loss, blood pressure, or diabetes. The use of medical web-applications in 
oncology and studies on their potential clinical benefit are recent. The non-
personalized approach of the follow-up after a cancer treatment is a source of anxi-
ety for patients, which can last for several weeks before the planned imaging. 
Moreover, routine follow-up can delay diagnosis and treatment if recurrence occurs 
between planned visits. Additionally, numerous sequential imaging is expensive 
and has low yield in detecting asymptomatic recurrence [2, 3].

In lung cancer, which killed 1.5 millions of patients each year worldwide, at least 
75% of lung cancer relapses are symptomatic and some symptoms have prognostic 
value in determining the clinical course and survival, patient self-reported symp-
toms have recently received a growing interest in oncology for their potential to 
improve the efficiency of follow-up and of clinical care [4–7].

10.2	 �Patient’s-Reported Outcome

Recent advances in technology provide a solution in the form of patient-reported 
outcomes recorded electronically using simple but methodologically robust ques-
tionnaires, completed by patients at, or between visits over the Internet or on a smart 
device, with data transmitted to the medical team.

The development of some web-applications for patient’s-reported outcome 
allowing relapse detection in patients who have been treated for cancer recently 
showed interesting survival in a multicenter randomized trial. For example, a novel 
personalized follow-up strategy for lung cancer patients based on 12 symptoms self-
scored weekly and transmitted to the oncologist via an “e-follow-up application” 
(e-FAP) was developed with a specific algorithm for detecting lung cancer relapse. 
The algorithm assessed the dynamic and the association of self-reported symptoms 
and triggers specific notification to physician if relapse or dangerous medical condi-
tions are suggested. The e-FAP was thus designed to provide an individualized 
schedule for imaging based on patient symptoms, and to strongly reduce scheduled 
(and expansive) imaging.

10.3	 �Clinical Results

Two prospective studies have shown that this e-FAP (called Moovcare™) is highly 
reliable and that relapses were detected (on average) 5 weeks earlier than with rou-
tine scheduled imaging [8, 9]. A pilot study suggested a better survival rate (86.6%) 
at one-year in the web-application arm than in a retrospective control arm (59.1%) 
[10]. The first phase 3 multicenter randomized clinical trial was performed to 

F. Denis



93

compare the survival in lung cancer patients with a high risk of relapse or progres-
sion followed by the web-mediated follow-up versus the routine follow-up [11].

In this study, clinical follow-up in both arms included oncology visits at least 
every 3 months. Systematic CT scans or TEP were performed every 3 months in 
metastatic patients in control arm and one time a year in the web-mediated follow-
up (experimental arm). In both arms, additional imaging could be performed at 
investigator’s discretion.

In experimental arm, patients were asked to report weekly their weight (assessed 
on their own bathroom scale) and 11 symptoms. The day they measured their 
weight, patients self-assessed the severity of these symptoms by grading them from 
0 (no symptom) to 3 (major symptoms) for appetite loss (anorexia), fatigue (asthe-
nia), pain, cough, depression, and breathlessness (dyspnea). The five other symp-
toms were evaluated by using yes-or-no answers: “yes” was answered in case of a 
fever greater than 38.2 °C (measured when patient felt feverish), sudden face swell-
ing (possible superior vena cava syndrome), an occurrence of a lump under the skin 
(possible subcutaneous or node metastasis), voice changing (possible mediastinal 
involvement) and appearance or increase of blood in sputum. The 12 items were 
reported weekly in an electronic form and sent immediately to the medical team 
after completion. Patients were able to add spontaneous comments to report other 
symptoms or incidents in a free text window. Any additional comment automati-
cally triggered a web-alert to the oncologist but provider judgment was used whether 
to follow-up by phone call.

The dynamic analysis of the weekly self-reported symptoms automatically trig-
gered a notification sent to the medical team by e-mail when predefined criteria 
were fulfilled, for example: (1) three-kilogram weight total loss over a 2-weeks 
period, (2) two or more grade 3 symptoms, or (3) a global score greater than 6 for at 
least two consecutive weeks. The item scores were sent to the oncologist and nurse 
in a graphical format as shown in Fig. 10.1. After algorithm notification, a nurse of 
the institution called the patient to check whether the web reporting was accurate; if 
so, the oncologist was asked to contact the patient by phone. If a relapse or some 
dangerous condition was suggested, a clinical visit (and, if needed, imaging) was 
performed within 8 days after the oncologist’s phone call. The use of the e-FAP was 
maintained during treatment for a relapse to adjust supportive care measures and to 
detect further progression (Fig. 10.2).

For the first time in medicine, the primary endpoint of a e-health study was overall 
survival. From June 2014 to January 2016, 133 patients were enrolled. The median 
overall survival was 19 months in the experimental and 12 months in the control arm 
(p = 0.0014), with a hazard ratio equal to 0.325 (95% CI, 0.157–0.672; p = 0.0025) 
(Fig. 10.3). The Independent Data Monitoring Committee recommended to halt the 
study after the planned interim survival analysis. The performance status at first 
detected relapse was 0–1 for 77% of the patients in the experimental arm and for 
33% of those in the control arm (p = 0.0006). Optimal treatment was initiated in 74% 
of the patients in the experimental arm and in 33% of those in the control arm 
(p = 0.0008). Six-month quality of life was also significantly better in experimental 
arm than in control arm. In both arms, 89% of the relapses were symptomatic. The 
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relapse rate was 51% in the control arm and 49% in the experimental arm and the 
progression-free survivals were not significantly different between the two arms. The 
rate of imaging was reduced by 49%/patient/year compared to the control arm. In the 
experimental arm, 74% of the first relapses were detected between scheduled visits 
while only 33% of first relapses in the control arm were detected between visits 
(p = 0.0007). The mean duration weekly spent by the oncologist to manage all the 
web-alerts was 15 min for 60 simultaneous users. These results were in line with 
previous work utilizing electronic health initiatives. Bakitas et al. observed a greater 
by 15% 1-year survival improvement in cancer patients using a tele-health (phone 
call) follow-up right after enrollment compared to those who started the tele-health 
program 3 months later [12]. This study was conducted in a population with various 
types of cancer (lung, breast, gastrointestinal, etc.) and varying stage. Survival was 
not their primary outcome. A second report by Basch et al. noted an increase from 6 
to 14% in the survival in 766 patients receiving chemotherapy whose symptoms were 
monitored via tablet computer [13]. However, this study was monocentric, in a popu-
lation with various types of cancer at any stage again with survival as a secondary 
outcome. Moreover, the web-application allowed for monitoring the supportive care 
efficacy by visualization of the symptom evolution through a novel graphic This may 
explain the significantly higher quality of life of patients in the experimental arm at 
6 months. Better quality of life could favor better survival: early management of 
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Fig. 10.1  Screenshot of the graphical representation of the evolution of a patient from his weekly 
completed forms. This patient had stage IV adenocarcinoma, was on maintenance therapy, and was 
randomized after induction chemotherapy to the experimental arm. Color legend: light green a 
score = 0, dark green for a score = 1, yellow for a score = 2, and red for a score = 3. In the present 
case, the e-FAP triggered an e-mail notification to the medical staff (see the arrow). This patient 
had two relapses early detected by our e-FAP (PS = 1) which were confirmed by non-scheduled 
imaging. A second-line chemotherapy (full dose) followed by an immunotherapy was thus 
initiated
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Fig. 10.3  Kaplan–Meier estimates for the survival between the initiation and the end of the trial 
corresponding to the planned interim analysis in Moovcare™ randomized trial [11]
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physical and depressive symptoms as well as iatrogenic events may delay patient 
degradation, while these symptoms may be not necessarily managed as quickly with 
routine follow-up. Moreover, lung cancer patients are often reticent about contacting 
their health care providers.

Others trials in breast, colo-rectal, prostate, lymphoma, kidney cancers of web-
mediated follow-up applications are in progress to assess benefit of this new modality of 
follow-up. There is already evidence that this approach can improve patients’ quality of 
life, enhance patient–clinician communication, reduce emergency department use [13].

10.4	 �Implementation in Medical Centers

Several institutions have successfully integrated systematic patient’s-reported 
outcome collection into routine clinical care. Since 2011, Dartmouth–Hitchcock 
Medical Center has collected PRO data on pain, physical functioning, and emo-
tional health from outpatients and included them alongside vital signs in its elec-
tronic health record (EHR system), referred to as “Vitals Plus 3,” for clinicians to 
review with patients at visits. Cincinnati Children’s Hospital also began collecting 
PROs from outpatients with any of more than 30 chronic conditions, with infor-
mation automatically loaded into EHR flow sheets to be reviewed at visits. The 
Cleveland Clinic systematically collects PROs from outpatients seen at 12 of its 
17 disease-based institutes, an initiative that began in its Neurological Institute in 
2008. This information is used for both patient care and continuous quality 
improvement, with data collected at more than 100,000 encounters each month. 
Memorial Sloan Kettering Cancer Center collects PROs from patients in several 
situations, including recovery from prostate and breast surgery, and feeds this 
information back to patients and clinicians, with graphical comparisons to similar 
patients. This system is being expanded to include all patients who undergo out-
patient surgeries, with plans to make collection of PROs routine across all care 
settings [14]. In France, only the Jean Bernard Institute in Le Mans to use PRO to 
follow lung and prostate cancer patients since 2012 and self-developed a solution 
of web-mediated follow-up to early detect relapse and to improve the manage-
ment of supportive cares.

10.5	 �Future Other Indications

Chronic diseases such as multiple sclerosis, and other auto-immune diseases, 
chronic kidney failure, heart failure may also benefit from this type of approach to 
early detect relapse as well as to improve adherence to treatment and detect 
toxicity.

Another approach of this follow-up could be the early detection of cancer in high 
risk patients. The development of an application (Smokecheck™) is in progress to 
detect medical complication of tobacco at first symptoms in smokers such as heart, 
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vascular, or lung deterioration, as well as cancer. As most of lung cancers are diag-
nosed at an advanced stage after many months of symptoms, better prognosis may 
be obtain as already suggested in an evaluation of the impact of large-scale interven-
tions to raise public awareness of a lung cancer symptom in Great Britain. In this 
large study, the Department of Health funded a campaign to raise public awareness 
of persistent cough as a lung cancer symptom and encourage people with the symp-
tom to visit their physician. Staging, treatment, and 1-year survival was assessed 
[15]. There was an increase in urgent physician referrals for suspected lung cancer. 
The number of referrals increased by 31.8% for the campaign period. There was a 
9.1% increase in lung cancers diagnosed during the campaign period (adjusted for 
working days; P  <  0.001). The proportion of lung cancers diagnosed at stage I 
increased by 3.1 percentage points during the campaign period, (from 14.1% to 
17.3%, P < 0.001; a proportional increase of 22%), and there was a corresponding 
3.5 percentage point decrease in the proportion diagnosed at stage IV (from 52.5 to 
49.0%, P < 0.001). A greater proportion of lung cancer patients received surgical 
resection as a first definitive treatment following the campaign launch (+2.3%). 
These encouraging results were obtained by assessing only one symptom (persistent 
cough). As Smokecheck™ application assessed eight more symptoms such as 
involuntary weight loss, blood in sputum, and dyspnea, sensitivity of lung cancer 
detection will be probably be improved as well as prognosis.

10.6	 �Limitations and Challenges

Yet examination of PROs has not become a widely implemented part of routine care 
delivery, which would require overcoming key barriers.

10.6.1	 �Technological Aspect

The most commonly used electronic health record (HER) vendors in the United 
States have only rudimentary ability to collect PRO data, and it’s generally available 
only through online patient portals, which most patients don’t use. PRO collection 
would be enabled for patients on their own smart devices in flexible user-configurable 
formats, perhaps through text messages, automated telephone systems, or down-
loadable apps. The data could then be imported into the EHR through an interface.

10.6.2	 �Reimbursement

Reimbursement of the PRO applications by health authorities is a major challenge 
to allow their deployment and their use by patients. As results of studies are encour-
aging and more than 1500 patients have already been included in randomized stud-
ies, reimbursement of well-assessed applications should happen soon.
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10.6.3	 �PRO in Clinical Work-Flow

Implementation of this process required a change in the dynamics of a patient’s care 
team by including nurses and staff, as well as a change in how patients are 
educated.

Other challenges are surmountable. Standards exist for ensuring data privacy and 
security, determining the appropriate frequency of data collection, minimizing 
missing data, and analyzing real-world PRO data. Concerns have been raised about 
burdening patients with too many questions and about patients’ potential reticence 
about self-reporting. But research and the example implementation programs have 
shown that these problems are not substantial when a thoughtful approach is taken.

�Conclusion
Early detection of cancer or relapse is a major challenge to improve survival. As 
many cancers are symptomatic and patient’s reported outcome by application 
have demonstrated evidence of clinical relevance, patients will become full actor 
of their health. The improvement of communication of information between 
patients and physician allowed by e-health technology will become soon a stan-
dard of care at low cost.
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11Mastering Osteoporosis

Manfred Gogol

Key Messages

	1.	 Osteoporosis is preventable and treatable.
	2.	 Osteoporosis is often not diagnosed.
	3.	 Geriatric rehabilitation, orthogeriatric services, and fracture liaison services 

improve outcomes.
	4.	 Osteoporosis is associated with frailty and sarcopenia.
	5.	 Osteoporosis is a geriatric syndrome associated with functional decline, reduced 

quality of life, higher institutionalization rate, high comorbidity and mortality.

Osteoporosis is a systemic skeletal disorder characterized by diminished bone mass 
and impaired microarchitecture of the bone tissue. It is associated with reduced 
strength and increased fracture risk. Technically, osteoporosis is diagnosed by tak-
ing bone mineral density (BMD) measurements and is defined as a BMD of < −2.5 
standard deviations (SD) below the mean score in healthy young women. By con-
trast, osteopenia, the precursor to osteoporosis, is defined as a BMD < −1 to −2.5 
SD below the mean score of a healthy younger reference population [1]. The pres-
ence of osteoporotic fractures, especially in the vertebrae, verifies the diagnosis. 
Given the frequent lack of clinical symptoms, however, the absence of fractures is 
not a criterion for ruling out osteoporosis.

11.1	 �Pathophysiology

Bone tissue is actively remodelled through a coupled process of osseous forma-
tion and resorption. Women reach their peak bone mass between the age of 25 
and 35  years. In simple terms, osseous tissue undergoes continuous flux of 
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formation and resorption processes with increasing and decreasing bone matrix 
mineralization. Resorption predominates in postmenopausal women and the 
elderly of either sex, in particular, resulting in decreased bone mass and altered 
microarchitecture [2]. Basically, osteoporosis is an age-related disease of both 
genders: Due to postmenopausal changes, women tend to be affected earlier, 
more often and more severely because their peak bone mass is lower compared 
to that of men [3, 4].

It is remarkable that the interrelationship between bone and other organs is mani-
fold and complex and not fully understood yet [5]. This is even true for the relation-
ship of muscles and bones [6]. These close biological and functional interactions 
between bone, muscle, and connective tissue led to the recent coinage of the—albeit 
not yet generally accepted—term osteosarcopenia [7].

11.2	 �Epidemiology

With age, the incidence of osteopenia, osteoporosis, and subsequent fractures 
increases. As a rule of thumb, women are affected by an osteoporotic fracture two 
to three times as frequently as men. Manifesting in women earlier than in men, 
osteopenia and osteoporosis occur with an increasing frequency in association with 
age of both sexes. Fractures of the trabecular bones (femur, vertebrae) are primarily 
involved. Given the sequelae of fractures in terms of reduced functionality, increased 
(co-)morbidity, reduced quality of life, higher mortality, and costs burdening the 
social and healthcare systems, it is clear that the disease is of utmost importance for 
the individual patient and, in light of its socioeconomic consequences, for society as 
well. The International Osteoporosis Foundation estimated for the European Union 
approximately 22  million women and 5.5  million men having osteoporosis and 
prognosed an increase of 23% in 2025 compared to 2010. For 2010, the number of 
new fractures was estimated at 3.5 million [8].

It is important to remember that osteoporosis and fragility fractures usually hap-
pen in a context of comorbidity [9] or multimorbidity [10], especially in the context 
of frailty and sarcopenia [11, 12].

11.3	 �Fractures

Fractures secondary to falls or even under normal weight bearing are typical 
sequelae of osteoporosis. At the same time, this fact is clear evidence that exoge-
nous factors are additive to the clinical sequelae [13, 14]. Osteoporosis must there-
fore be regarded as a systemic disease, impacted by both endogenous (e.g., muscle 
mass and strength) and exogenous (e.g., domestic environments increasing the pro-
pensity to fall) contexts. Especially vertebral fractures can remain clinically asymp-
tomatic and are often diagnosed as incidental findings after the clinical examination 
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or revealed by imaging procedures. Nevertheless, it can be difficult to distinguish 
between degenerative and fracture-related changes in each individual case. Unlike 
fractures of the upper or lower extremity, vertebral fractures may cause few symp-
toms. For that reason, the patient’s body height should be measured by the primary 
care physician once a year.

Besides an elevated 30-day and 1-year mortality secondary to osteoporotic frac-
tures [15, 16], elderly patients in particular will frequently suffer iatrogenic compli-
cations from their hospital treatment (e.g., deconditioning, e.g., delirium) [17]. 
They also show functional limitations involving a reduction in their ability to carry 
out activities of daily living (ADL) and instrumental activities on the daily living 
scale (IADL). This can result in the need for nursing care alongside an elevated rate 
of institutionalization despite any intensive rehabilitative interventions they may 
undergo [18]. Second only to pain, functional limitations are the central compo-
nents that detract from quality of life. These are compounded by depression and 
anxiety about a new fall occurring in the future (fear of falling) [19]—an event that 
will often impair the individual’s mobility even more (Fig. 11.1).

Risk of falling

Fall
Fear of
falling 

Immobility ≠
Fracture

Mobility Ø

Loss of
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and
autonomy

Conditions: diseases, functional 
decline, impairment, immobility, 
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central nervous system 
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Fig. 11.1  Cycle of risk for falling/falls and consequences
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11.4	 �Risk Factors

Risk factors can be subdivided into a category that suggests low BMD and a cate-
gory that is predictively significant for fractures. In osteoporosis, risk factors associ-
ated with broken bones are particularly important. These factors can be used to 
identify high-risk groups and allow early initiation of preventive and/or therapeutic 
interventions. Osteoporosis-related fractures can be attributed to a multitude of 
causes. According to the current state of knowledge, unequivocal responsibility or 
decisive significance cannot be ascribed to any one single risk factor. Rather, a dis-
tinction should be made between constitutional, genetic, lifestyle-related, and medi-
cal risk factors. The risk factors for falls represent another group of striking 
importance in elderly patients. Furthermore, it is important to identify a previous 
fracture event as an independent and significant risk factor for further fractures [20].

Immobility in the elderly is a significant risk factor in and of itself and interre-
lated with muscular status, such as reductions in muscle mass, muscle strength, and 
overall functionality (e.g., low walking speed). It must be pointed out that social 
deprivation [21] and air pollution [22] are associated with a higher risk for osteopo-
rosis and fractures.

Box 11.1 shows well-known general risk factors for osteoporosis and fractures.
Box 11.2 presents known specific risk factors for osteoporosis and fractures.
Box 11.3 shows a list of drug classes that can induce osteoporosis or propensity 

to fall.

Box 11.1
Age
Deficiency in specific sex hormones
Sex (women > men)
Previous fractures
Familial risk (proximal femur fracture in parents)
Genetic predisposition
Medication
Immobility
Inactivity
Balance disorders
Reduced muscle mass/strength
History of falls
Other risk factors predisposing to falls
Malnutrition
Underweight

M. Gogol



105

Box 11.2
Calcium deficiency
Vitamin D deficiency
Smoking
COPD
Heart failure
Hyperhomocysteinemia
Vitamin B12 deficiency
Folic acid deficiency
Elevated hsCRP
Hyponatremia
Cushing’s disease
  –  Subclinical hypercortisolism
Primary hyperparathyroidism
Growth hormone deficiency
Subclinical and manifest hyperthyroidism
Diabetes mellitus (I > II)
Rheumatoid arthritis
Ankylosing spondylitis
Gastrectomy, total or Billroth II
Epilepsy
Celiac disease
Monoclonal gammopathy

Box 11.3
Osteoporosis-inducing drugs
Glucocorticoids
Hormonal ablative therapy
Aromatase inhibitors
Glitazones
Proton pump inhibitors
Bisphosphonates
Elevate propensity to fall
Sedatives
Hypnotics
Neuroleptics
Antidepressants
Loop diuretics
All antihypertensives at too-high doses
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11.5	 �Diagnostics

Alongside targeted medical history-taking, documentation of potential risk factors 
and the clinical findings, DEXA is the diagnostic method of choice [23]. DEXA is 
preferably performed on the femur or lumbar spine and shows very high accuracy 
in measuring BMD. Other technical measurements compromise quantitative ultra-
sound and variety of computer tomographic techniques, but are only to be consid-
ered as second-line diagnostics [24].

Given the association between fractures and falls, elderly patients aged 70 years 
and older should undergo a geriatric assessment of their fall risk in order to be able 
to initiate preventive interventions in a targeted manner [25]. Such measures espe-
cially involve nutritional counselling/interventions, physical training regimens, etc.

The baseline tests performed by the clinical laboratory cover the following 
parameters: blood sedimentation rate, blood count and differential blood count, 
serum calcium, alkaline phosphatase, creatinine, gamma-GT as well as serum elec-
trophoresis if the patient has a high blood sedimentation rate. The measurement of 
vitamin D [26] is not generally recommended.

11.6	 �Therapy

It is essential to recognize that most intervention studies on osteoporosis didn’t include 
very old patients [27] instead of the high prevalence even in the oldest old [28]. General 
therapeutic interventions also include ones that antagonize the aforementioned risk fac-
tors. Calorically sufficient and protein-adapted nutrition, a sufficient supply of calcium 
in the diet, supplemental doses of 800–1000 units of vitamin D per day and promoting 
an active lifestyle are all part of these interventions. Other targeted measures combine 
strength and balance training along with longer term rehabilitative interventions to 
manage the fracture sequelae, especially in post-fracture status. Beyond this, consulta-
tions concerning general fall prevention, assistive devices and, as appropriate, modifi-
cations to the patient’s living space should all be conducted [29–31].

Medical calcium ought only to be supplemented if the patient’s medical history or 
interventions show that a sufficient calcium supply of 1 g per day cannot be achieved 
through their diet. It can be assumed that individuals aged 70 years and older living 
in Central and Northern Europe will exhibit lowered vitamin D levels or vitamin D 
deficiency, especially if they have insufficient sun exposure. In this regard, it is not an 
absolute recommendation that vitamin D levels be determined in the serum. 
Nevertheless, their measurement may be indicated whenever there is any doubt about 
the patient’s adherence or the efficacy of the selected supplement. As vitamin D and 
calcium supplementation is the basis of drug treatment, specific drugs are available 
to treat older patients with osteoporosis. The drugs are bisphosphonates, denosumab, 
teriparatide, estrogen hormone replacement, selective estrogen receptor modulator 
(SERM), and strontium ranelate [32]. Bisphosphonates are worldwide the most used 
agent. In the USA, calcitonin is in addition a therapeutic option.

M. Gogol



107

Box 11.4 provides an overview of primary and secondary preventive 
interventions.

Scoring systems and fracture assessment tools (e.g., FRAX [33, 34], QFracture 
[35, 36]) can be very helpful in estimating the future risk of fractures. Both tools are 
available free at the web [34, 36]. Often, show cards are also useful aids to support 
consultation and decision-making about therapy [37].

After a patient has sustained a fracture, appropriate outpatient and partially or 
fully hospitalized rehabilitative interventions must be initiated. Treatment ren-
dered in specific geriatric [38, 39] or orthogeriatric departments [40] has pro-
duced superior outcomes in geriatric patients. Instead of different available 
therapies older patients very often receive no primary or secondary prevention 
for osteoporosis [41–43] and even adherence is often low [44]. Fracture liaison 
services set up because secondary preventive therapy is often not carried out and 
have proven their effectiveness in the induction of and adherence to a specific 
therapy [45].

�Conclusion
Osteoporosis is a systemic, age-associated disease; the fractures it causes 
make its individual and social implications very apparent. These, in turn, are 
associated with elevated (co-)morbidity, functional limitations, reduced 
quality of life, increased rate of institutionalization, and greater mortality. 
Osteoporosis constitutes a condition that is frequently neither diagnosed 
properly nor treated effectively and efficiently, even though a broad spec-
trum of therapeutic options is available. Specific rehabilitative interventions 
(geriatric or orthogeriatric) secondary to fracture are effective. By putting 
fracture liaison services in place, the probability is increased that antiosteo-
porotic therapy will be initiated and adhered to. In light of the changing 
demographics, it can be expected that there will be a rise in the frequency of 
the clinical picture of osteoporosis, its associated fractures and their 
sequelae.

Box 11.4
Physical activity
Strength and balance training
Determine fall risk from 70th year of life
Fracture risk assessment
Adequate diet (protein-rich)
Nicotine abstinence
Compensate for vitamin D and calcium deficiency
Review drugs taken for their propensity to induce falls
Specific antiosteoporotic medication

11  Mastering Osteoporosis



108

References

	 1.	Kanis JA, on behalf of the World Health Organization Scientific Group (2007) Assessment 
of osteoporosis at the primary health-care level. World Health Organization Collaborating 
Centre for Metabolic Bone Diseases, University of Sheffield, UK. https://www.sheffield.ac.uk/
FRAX/pdfs/WHO_Technical_Report.pdf

	 2.	Howard GA, Schiller PC (2016) Biology of bone. In: Duque G, Kiel DP (eds) Osteoporosis in 
older persons—advances in pathophysiology and therapeutic approaches, 2nd edn. Springer, 
Basel, pp 1–42

	 3.	Colón-Emeric CS (2016) Osteoporosis as a geriatric syndrome. In: Duque G, Kiel DP (eds) 
Osteoporosis in older persons—advances in pathophysiology and therapeutic approaches, 2nd 
edn. Springer, Basel, pp 131–140

	 4.	Bischoff-Ferrari HA (2016) Fracture epidemiology among individuals 75+. In: Duque G, 
Kiel DP (eds) Osteoporosis in older persons—advances in pathophysiology and therapeutic 
approaches, 2nd edn. Springer, Basel, pp 157–170

	 5.	Okamoto K, Nakashima T, Shinohara M et al (2017) Osteoimmunology: the conceptual frame-
work unifying the immune and skeletal systems. Physiol Rev 97:1249–1349

	 6.	Tarantino U, Piccirilli E, Fantini M et al (2015) Sarcopenia and fragility fractures: molecular 
and clinical evidence of the bone-muscle interaction. J Bone Joint Surg Am 97:429–437

	 7.	Hirschfeld HP, Kinsella R, Duque G (2017) Osteosarcopenia: where bone, muscle, and fat 
collide. Osteoporos Int 28:2781–2790

	 8.	Hernlund E, Svedbom A, Ivergård M et al (2013) Osteoporosis in the European Union: medical 
management, epidemiology and economic burden. A report prepared in collaboration with the 
international osteoporosis foundation (IOF) and the European Federation of Pharmaceutical 
Industry Associations (EFPIA). Arch Osteoporos 8:136

	 9.	Pedersen AB, Ehrenstein V, Szépligeti SK, Sørensen HAT (2017) Hip fracture, comorbidity, 
and the risk of myocardial infarction and stroke: a Danish nationwide cohort study, 1995-2015. 
J Bone Miner Res 32(12):2339–2346. https://doi.org/10.1002/jbmr.3242

	10.	O’Malley CD, Tran N, Zapalowski C et al (2014) Multimorbidity in women with and without 
osteoporosis: results from a large US retrospective cohort study 2004-2009. Osteoporos Int 
25:2117–2130

	11.	Cesari M, Prince M, Amuthavalli J et al (2016) Frailty: an emerging public health priority. J 
Am Med Dir Assoc 17:188–192

	12.	Martin FC (2017) Frailty, sarcopenia, falls and fractures. In: Falashi P, Marsh DR (eds) 
Orthogeriatrics, practical issues in geriatrics. Springer, Basel, pp 14–61

	13.	Mänty M, Heinonen A, Viljanen A et al (2010) Self-reported preclinical mobility limitation and 
fall history as predictors for future falls in older women: prospective cohort study. Osteoporos 
Int 21:689–693

	14.	Barbour KE, Lui L-Y, McCulloch CE et al (2016) Trajectories of lower extremity physical 
performance: effects on fractures and mortality in older women. J Gerontol A Biol Sci Med 
Sci 71(12):1609–1615. https://doi.org/10.1093/gerona/glw071

	15.	Darbá J, Kaskens L, Pérez-Álvarez N et al (2015) Disability-adjusted-life-years losses in post-
menopausal women with osteoporosis. BMC Public Health 15:324

	16.	Roth T, Kammerlander C, Gosch M et al (2010) Outcome in geriatric fracture patients and how 
it can be improved. Osteoporos Int 21(Suppl 4):S615–S619

	17.	Pioli G, Bendini C, Pignedoli P (2017) Post-operative management. In: Falashi P, Marsh DR 
(eds) Orthogeriatrics, practical issues in geriatrics. Springer, Basel, pp 111–129

	18.	Hertz K, Santy-Tomlinson J (2017) The nursing role. In: Falashi P, Marsh DR (eds) 
Orthogeriatrics, practical issues in geriatrics. Springer, Basel, pp 131–144

	19.	Trombetti A, Reid KF, Hars M et al (2016) Age-associated declines in muscle mass, strength, 
power, and physical performance: impact on fear of falling and quality of life. Osteoporos Int 
27:463–471

M. Gogol

https://www.sheffield.ac.uk/FRAX/pdfs/WHO_Technical_Report.pdf
https://www.sheffield.ac.uk/FRAX/pdfs/WHO_Technical_Report.pdf
https://doi.org/10.1002/jbmr.3242
https://doi.org/10.1093/gerona/glw071


109

	20.	Schürer S, Wallaschofski H, Nauck M et al (2015) Fracture risk and risk factors for osteoporo-
sis. Results from two representative population-based studies in north East Germany (study of 
health in Pomerania: SHIP-2 and SHIP-trend). Dtsch Arztebl Int 112:365–371

	21.	Bhimjiyani A, Neuburger J, Jones T et al (2018) The effect of social deprivation on hip frac-
ture incidence in England has not changed over 14 years: an analysis of the English hos-
pital episodes Statstics (2001-2015). Osteoporos Int 29(1):115–124. https://doi.org/10.1007/
s00198-017-4238-2

	22.	Prada D, Zhong J, Colicino E et al (2017) Association of air particulate pollution with bone 
loss over time and bone fracture risk: analysis of data from two independent studies. Lancet 
Planet Health 1:e337–e347

	23.	Grossman J, MacLean CH (2007) Quality indicators for the care of osteoporosis in vulnerable 
elders. J Am Geriatr Soc 55:S392–S402

	24.	Kanis JA, McCloskey EV, Johansson H et al (2013) European guidance for the diagnosis and 
management of osteoporosis in postmenopausal women. Osteoporos Int 24:23–57

	25.	Ellis G, Whitehead MA, Robinson D et al (2011) Comprehensive geriatric assessment for older 
adults admitted to hospital: meta-analysis of randomised controlled trials. BMJ 343:d6553

	26.	Caillet P, Goyer-Joos A, Viprey M, Schott A-M (2017) Increase of vitamin D assays prescrip-
tions and associated factors: population-based cohort study. Sci Rep 7:10361

	27.	McGarvey C, Coughlan T, O’Neill D (2017) Ageism in studies on the management on osteo-
porosis. J Am Geriatr Soc 65:1566–1568

	28.	Jopp DS, Boemer K, Rott C (2016) Health and disease at age 100—findings from the second 
Heidelberg centenarian study. Dtsch Artzebl Int 113:203–210

	29.	Reck BR, Daly RM, Fiatarone MA, Taaffe DR (2017) Exercise and sports science Australia 
(ESSA) position statement on exercise prescribtion for the prevention and management of 
osteoporosis. J Sci Med Sport 20:438–445

	30.	Lord SR, Close JCT, Sherrington C (2016) Non-pharmacological treatments for falls and frac-
tures. In: Duque G, Kiel DP (eds) Osteoporosis in older persons—advances in pathophysiol-
ogy and therapeutic approaches, 2nd edn. Springer, Basel, pp 187–200

	31.	Kastner M, Perrier L, Munce SEP et  al (2018) Complex interventions can increase osteo-
pororsis investigations and treatment: a systematic review and meta-analysis. Osteoporos Int 
29(1):5–17. https://doi.org/10.1007/s00198-017-4248-0

	32.	Wong EK-W, Kim LH-Y, Papaioannou A (2016) Medical treatment of age related osteoporo-
sis. In: Duque G, Kiel DP (eds) Osteoporosis in older persons—advances in pathophysiology 
and therapeutic approaches, 2nd edn. Springer, Basel, pp 201–214

	33.	Watts NB, Manson JE (2017) Osteoporosis and fracture risk evaluation and management—
shared decision making in clinical practice. JAMA 317:253–254

	34.	https://www.sheffield.ac.uk/FRAX/
	35.	Dagan N, Cohen-Stavi C, Leventer-Roberts M, Balicer RD (2017) External validation and 

comparison of three prediction tools for risk of osteoporotic fractures using data from popula-
tion based electronic health records: retrospective cohort study. BMJ 356:i6755

	36.	http://www.qfracture.org/
	37.	http://shareddecisions.mayoclinic.org/
	38.	Bachmann S, Finger C, Huss A et al (2010) Inpatient rehabilitation specifically designed for 

geriatric patients: systematic review and meta-analysis of randomised controlled trials. BMJ 
340:c1718

	39.	Dyer S, Diong J, Crotty M, Sherrington C (2017) Rehabilitation following hip fracture. In: 
Falashi P, Marsh DR (eds) Orthogeriatrics, practical issues in geriatrics. Springer, Basel, 
pp 145–163

	40.	Friedman SM (2016) The orthogeriatrics model of care. In: Duque G, Kiel DP (eds) 
Osteoporosis in older persons—advances in pathophysiology and therapeutic approaches, 2nd 
edn. Springer, Basel, pp 265–273

	41.	Flais J, Coiffier G, Le Noach J et  al (2017) Low prevalence of osteoporosis treatment in 
patients with recurrent major osteoporotic fracture. Arch Osteoporos 12:54

11  Mastering Osteoporosis

https://doi.org/10.1007/s00198-017-4238-2
https://doi.org/10.1007/s00198-017-4238-2
https://doi.org/10.1007/s00198-017-4248-0
https://www.sheffield.ac.uk/FRAX/
http://www.qfracture.org/
http://shareddecisions.mayoclinic.org/


110

	42.	Gunathilake R, Epstein E, McNeill S, Walsh B (2016) Factors associated with receiving anti-
osteoporosis treatment among older persons with minimal trauma hip fracture presenting to an 
acute orthogeriatric service. Injury 47:2149–2154

	43.	Liu Z, Weaver J, de Papp A et al (2016) Disparities in osteoporosis treatments. Osteoporos Int 
27:509–519

	44.	Garcia-Sempere A, Hurtado I, Sanfélix-Genovés J et al (2017) Primary and secondary non-
adherence to osteoporotic medications after hip fracture in Spain. The PREV2FO population-
based study. Sci Rep 7:11784

	45.	Mitchell PJ (2016) Fracture liaison services. In: Duque G, Kiel DP (eds) Osteoporosis in older 
persons—advances in pathophysiology and therapeutic approaches, 2nd edn. Springer, Basel, 
pp 215–228

M. Gogol



111© Springer International Publishing AG, part of Springer Nature 2019
J.-P. Michel (ed.), Prevention of Chronic Diseases and Age-Related Disability, 
Practical Issues in Geriatrics, https://doi.org/10.1007/978-3-319-96529-1_12

N. Veronese · S. Maggi (*) 
National Research Council, Neuroscience Institute, Aging Branch, Padova, Italy
e-mail: stefania.maggi@in.cnr.it

12Remaining Debates on Osteoarthrosis 
Prevention

Nicola Veronese and Stefania Maggi

Key Messages

•	 The prevalence of osteoarthritis significantly varies depending on several factors, 
particularly the definition used (clinical, radiological, mixed, self-reported), age, 
gender, and geographical areas.

•	 The risk of developing osteoarthritis is determined by local factors (biomechani-
cal), specific systemic risk factors (age, being women, poor nutritional status, 
and smoking) as well as other medical conditions which increase disability 
outcomes.

•	 Mediterranean diet, allowing weight loss and increasing micro-element intakes, 
is associated with a decreased prevalence of lower limbs osteoarthritis, better 
quality of life, and functionality.

•	 In people having osteoarthritis, the role of exercise is still debated, but aquatic 
exercises may have clinically relevant effects on patient-reported pain, disability, 
and quality of life.

•	 Quitting smoking is a necessary recommendation for people having 
osteoarthritis.

•	 However, more scientific studies are needed to better understand the physiopa-
thology and the best possible preventive actions.

12.1	 �Introduction: Importance of Osteoarthritis

Osteoarthritis is a degenerative disease of the joints that, however, involves the car-
tilage, surrounding the tissues of the joints affected [1].
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Osteoarthritis may develop in any joint, but most commonly affects the knees, 
hips, hands, facet joints, and feet [2]. It is known that the prevalence of osteoarthritis 
significantly varies depending on several factors, particularly the definition used 
(clinical, radiological, mixed, self-reported), age, sex (in women its presence is 
higher), and the geographical area studied. In the European Project on OSteoArthritis 
(EPOSA) study, an European survey regarding the impact of osteoarthritis on sev-
eral outcomes, osteoarthritis affected about one person over three [3], but, as men-
tioned before, largely varies according to site and diagnostic method used [4]. The 
incidence of hand, hip, and knee OA increases with age, and women have higher 
rates than men, especially after menopause [2].

The risk of developing osteoarthritis is determined by several factors and tradi-
tionally categorized in local and systemic. Local factors are commonly biomechani-
cal (e.g., trauma) acting against the forces applied to the joint. A number of specific 
systemic risk factors [2] have been identified and they include obesity, age, female 
sex, ethnicity and race, poor nutrition, and smoking [5].

The consequences of osteoarthritis are multiplex. The most common (and impor-
tant in older people) is disability [6]. However, increasing research has shown that 
osteoarthritis is associated with a higher risk of other medical conditions, such as 
cardiovascular diseases [7–11], psychiatric conditions (such as depression [9], anxi-
ety [12], or dementia [13]), and poorer quality of life [14, 15]. Conversely, the asso-
ciation between osteoarthritis and mortality is still debated and seems to depend 
more on factors associated with osteoarthritis (particularly disability) than osteoar-
thritis per se [7].

Given its remarkable consequences and given that no therapy is available for 
treating osteoarthritis, prevention of this condition is necessary. Therefore, in this 
chapter, we aimed to summarize the current evidences regarding preventive strate-
gies for osteoarthritis and lights/shadows regarding this topic.

12.2	 �Preventive Actions for Osteoarthritis

12.2.1	 �Dietary Suggestions

As mentioned before, some risk factors for osteoarthritis are nutritional, e.g., obe-
sity and the lack of appropriate micronutrients necessary for bones, joints, and car-
tilages [16]. In several studies, weight loss in obese patients having osteoarthritis, 
improves quality of life, autonomy in daily living, and clinical aspects of osteoar-
thritis, particularly when osteoarthritis affects lower limbs [17]. Similarly, the defi-
ciency of some nutrients (such as vitamin D) can play a role in the development of 
osteoarthritis [18]. Unfortunately, the supplementation with oral vitamin D metabo-
lites seems not to be efficacious in improving osteoarthritis’ symptomatology, as 
shown by some recent large trials [19]. This is the first important point of debate in 
the prevention of osteoarthritis since, whilst people having osteoarthritis have sig-
nificant lower levels of circulating vitamin D metabolites [18], the replacement with 
vitamin D seems not to change the natural history of this condition [19].
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In this regard, the suggestion to follow healthier diets seems to be more indi-
cated. Mediterranean diet might be associated not only with a lower prevalence of 
lower limbs osteoarthritis [16], but also with a better quality of life and better func-
tion in people affected by knee osteoarthritis [15]. This is probably due to several 
beneficial effects of Mediterranean diet, such as lowering inflammatory parameters, 
promoting a decrease in body weight and giving abundant sources of vitamins and 
anti-oxidant nutrients [20]. Unfortunately, no interventional trials are available 
regarding the potential beneficial effects of Mediterranean diet on osteoarthritis in 
human beings, even if the observational data are encouraging.

12.2.2	 �Physical Activity

In people having osteoarthritis, the role of physical exercise is still debated. Since 
osteoarthritis, particularly when affecting the knees, can derive from traumas and 
physical exercise can further worse joint’s structure, physical exercise should be 
strictly monitored in people having severe forms of knee osteoarthritis. However, in 
other stages, physical exercise should be recommended. A recent Cochrane review 
suggests that aquatic exercise (a kind of mild physical exercise) may have clinically 
relevant effects on patient-reported pain, disability, and quality of life in people having 
knee and hip osteoarthritis [21]. A short-term aerobic exercise program with/without 
muscle strengthening exercises seems to be promising for reducing pain, improving 
physical function and quality of life for individuals having knee osteoarthritis [22]. On 
the contrary, no definitive conclusion can be proposed regarding the use of muscle 
resistance training in people affected by lower limbs osteoarthritis, as reported by 
another recent systematic review [23]. Similarly, very limited evidence is available 
regarding the role of physical exercise in improving hand osteoarthritis outcomes [24]. 
Altogether, these results suggested that physical exercise is controversial in preventing 
or treating osteoarthritis, suggesting that other studies are consequently needed.

12.2.3	 �Smoking

Cigarette smoking is a very controversial topic regarding the prevention and the 
treatment of osteoarthritis. As widely known, smoking has several deleterious 
effects, such as on cardiovascular and cancer conditions. On the contrary, literature 
suggests that the association between smoking and osteoarthritis is probably inverse, 
i.e., smokers have a significant lower risk of having osteoarthritis. In fact, in a large 
meta-analysis involving 48 observational studies and 537,730 participants, there 
was an overall negative association between smoking and osteoarthritis, particularly 
when referring to case-control studies [25]. However, as proposed by the same 
authors, the protective effect of smoking in osteoarthritis is probably biased by the 
design of these studies [25]. In a large cohort study, involving American commu-
nity-dwellers, cigarette smoking was not protective for the onset of knee osteoar-
thritis [26], suggesting, again, that quitting smoking is a necessary recommendation 
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for people having osteoarthritis, waiting for specific literature regarding quitting 
smoking and prevention of osteoarthritis.

�Conclusion
The prevention of osteoarthritis is a public health priority. Osteoarthritis, in fact, 
is one of the most important contributors of global disability in older people [27]. 
Whilst we have cleared the possible risk factors for osteoarthritis, the prevention 
of this condition is still debated and mainly related to some observational studies 
that, for their nature, are often biased. Thus, interventional studies having as 
outcome the onset of osteoarthritis are needed to see if the preventive strategies 
commonly used (losing weight, suggesting healthy dietary diets, promoting 
physical exercise, and quitting smoking) are able to decrease the onset of this 
important medical condition.
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13Postponing Cognitive Decline

Andreas U. Monsch, Panagiota Mistridis, 
and Alessandra Thomann

Key Messages

•	 Due to demographic change, dementia represents a major health care issue for 
our society.

•	 Although the underlying pathogenesis of AD is not fully understood, several 
observational studies provide strong evidence for an adverse effect of multiple 
cardiovascular and lifestyle risk factors.

•	 Prevention programs and strategies targeting the modification of these factors 
seem a viable and reasonable approach to mitigate and delay cognitive decline 
and dementia.

•	 Various factors including a healthy diet, smoking cessation, a physically active 
lifestyle and cognitive activity have been proposed to exert protective effects on 
both physical and mental health.

•	 The “Health Coaching” program developed by the Swiss College of Primary 
Care Medicine targeting multiple risk factors may in combination with 
“BrainCoach” represent a promising, long-term effective and low-cost approach 
to maintain both physical and mental health.

13.1	 �Introduction

The increase of life expectancy over the last century is paralleled by an elevated 
number of individuals with dementia, placing an enormous social and economic 
burden on society and health care systems, in addition to the devastating conse-
quences for patients and their families. According to the World Alzheimer Report 
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2015, there is an estimated 47 million people worldwide suffering from dementia 
[1]. Based on current simulation models, the number of cases is expected to at least 
double every 20  years, reaching almost 132  million cases until 2050. However, 
recent reports suggest that the age-specific incidence of dementia might be decreas-
ing in persons with at least high school diploma, possibly due to an improvement in 
cardiovascular health [2, 3]. Nevertheless and irrespective of how fast the growth of 
the number of people with dementia will be, the economic impact associated with 
dementia is huge and increasing. Worldwide, the current total costs have increased 
by 35% in the last 5 years and were estimated at US$ 818 billion in 2015, represent-
ing 1% of the global gross domestic product [1]. These costs include direct medical 
care costs (i.e., dementia treatment in primary and secondary care), direct social 
care costs (i.e., community care professionals and residential home setting), and 
informal care costs (i.e., unpaid care by family and others) [1].

Although several causes of dementia exist, we will focus this review on its most 
common cause, i.e., Alzheimer’s disease (AD). Despite decades of research, the 
pathological mechanisms underlying this disease remain largely unclear. However, 
a broad consensus exists that AD has a complex multifactorial etiology and is mod-
ulated by various risk factors [4, 5]. A recent estimation calculated by Norton et al. 
[6] implies that, taking into account the interdependency of these factors, about 
one-third of AD cases worldwide may be attributable to seven potentially modifi-
able risk factors: diabetes, midlife hypertension, midlife obesity, depression, physi-
cal inactivity, smoking, and low educational attainment (see Fig. 13.1; see also [4]).

While current pharmacological and non-pharmacological treatments may decel-
erate disease progression, no curative or disease-modifying intervention exists to 
prevent the pathogenesis of dementia [7, 8]. Thus, there is a pressing need to iden-
tify preventive measures and strategies aiming to maintain brain health and delay 
cognitive decline. Importantly, as neurodegenerative disorders as AD have a long 
“silent” phase with no or only very subtle symptoms [9], such preventive programs 
should optimally be implemented at the earliest possible time when cognitive 
impairments are not yet manifested [10–12]. Figure 13.2 illustrates that preventive 
strategies require a lifespan perspective. Thus, children and adolescents need to be 
targeted with regard to education and, starting at midlife, optimal management of 
potential risk factors is essential [12].

Different modifiable factors to preserve cognitive health have been described. A 
healthy diet (e.g., Mediterranean) rich in antioxidants, vitamins (e.g., vitamin B12, 
E, and D), and polyunsaturated fatty acids (e.g., omega-3–[13]) may lower the risk 
of cognitive decline and dementia by reducing for example the risk for cardiovascu-
lar diseases. However, although findings from different studies suggest that specific 
dietary patterns or nutritional components may represent promising interventions in 
delaying cognitive decline, evidence in this regard is still weak and further investi-
gation on this topic is needed [14, 15]. Additionally, also physical activity is known 
to exert beneficial effects on brain health. Promising results from different observa-
tional and intervention studies, as well as systematic reviews, examining the asso-
ciation between physical activity and the risk of cognitive impairment and dementia, 
yielded promising results with moderate to strong effects of physical activity on 
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brain health. These results indicate that individuals with a physically active lifestyle 
exhibit less cognitive decline [16], reduced brain atrophy [17], and increased hip-
pocampal volume [9] compared to people with a sedentary lifestyle. A third impor-
tant protective factor for the maintenance of brain health is cognitive activity. This 
aspect will be reviewed in more detail below and a “BrainCoach” program, which 
focuses on cognitive activity as a preventive measure of cognitive decline, is 
introduced.

13.2	 �Cognitive Activity as a Modifiable Protective Factor 
for Cognitive Decline

As shown in Fig. 13.1, low educational attainment [6] or cognitive inactivity [4] 
constitutes the largest single risk factor for AD. Certainly, a high educational attain-
ment will not prevent pathological brain changes. However, a number of studies 
indicate that higher educational attainment is related to higher levels of cognitive 
performance and seems to buffer negative effects and mitigate clinical symptoms in 

3 000 000 10% reduction
25% reduction

2 000 000

N
um

be
r 

of
 A

D
 c

as
es

 p
re

ve
nt

ed
 w

or
ld

w
id

e

1000 000

0

Diab
et

es
 m

ell
itu

s

M
idl

ife
 hy

pe
rte

ns
ion

M
idl

ife
 o

be
sit

y

Sm
ok

ing

Com
bin

ed

Dep
re

ss
ion

Phy
sc

ial
 in

ac
tiv

ity

Cog
nit

ive
 in

ac
tiv

ity

Fig. 13.1  Prevalence and estimates for population-attributable risks (PAR) for Alzheimer’s dis-
ease (AD) in 2010 (Data source: Norton et al. [6]). PAR = population-attributable risk, i.e., the 
proportion of AD cases in the population that can be attributed to individual risk factors calculated 
by using the population prevalence and the relative risk of the risk factor. Combined = calculated 
prevalence and PAR for the seven individual risk factors combined, assuming independence of the 
risk factors. Adjusted combined = calculated prevalence and PAR for all seven risk factors com-
bined with adjustment for non-independence of the risk factors
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everyday life [2, 18, 19]. The rationale behind this observation is the hypothesis that 
higher educational attainment results in an increased cognitive reserve [18]. This 
so-called cognitive reserve hypothesis implies that individuals with higher levels of 
brain activity (e.g., through individual or synergistic contributions of high educa-
tional/occupational attainment and maintained cognitive activity up until old age) 
may better cope with brain pathology and are able to compensate brain damage 
much longer because of increased synaptic densities and a more complex and effi-
cient structure of neural networks [18]. Thus, people with the same extent of patho-
logical brain changes may exhibit different clinical manifestations of the disease 
depending on their level of cognitive reserve (see Fig. 13.3 [20]). Importantly, a 
person with a high cognitive reserve will have a steeper decline once symptoms are 
manifest due to higher pathological brain accumulations until cognitive dysfunc-
tions are clinically perceivable [20].
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Fig. 13.2  Hypothesized model of neurocognitive disorders [12] across lifespan without (black 
line) and with (orange dashed line) successful modification of risk and protective factors and the 
consequence on dementia incidence rates: natural course (green line) vs. result of optimally timed 
preventive strategies through primary, secondary, and tertiary prevention (blue dashed line) (figure 
adapted from [36] (reproduced with permission), [18] (reproduced with permission: © 2014 The 
Association for the Publication of the Journal of Internal Medicine))
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These findings are supported by several studies reporting reduced incidence rates 
of cognitive impairment and dementia in older adults with a high educational attain-
ment [2, 19]. Additionally, an analysis from Barnes and Yaffe [4] indicates that the 
relative risk (i.e., the ratio of the probability to develop dementia in an at-risk group 
compared to a non-risk group) for dementia in people with a low education (i.e., 
with only primary education) is 59% higher compared to people with a higher 
education.

However, older adults experiencing a cognitive decline obviously already com-
pleted their formal and occupational education. The cognitive reserve, though, is not 
influenced by education alone. Retrospective studies indicate that significant asso-
ciations exist between cognitively activating leisure activities, engagement in social 
activities, the level of cognitive performance, and the risk of dementia [21, 22]. 
Moreover, studies show that performing cognitively stimulating leisure activities 
later in life may somewhat compensate for a low educational attainment [23, 24]. 
Thus, cognitive reserve is not a static condition—it can be influenced and enhanced 
at any point in someone’s lifetime.

There is great diversity of cognitive tasks and their duration of exposure in dif-
ferent studies investigating the association between cognitive activity and the risk of 
dementia. Thus, some studies also brought some inconclusive findings. Nevertheless, 
there is substantial evidence that participating in cognitive activities conveys benefi-
cial effects for the maintenance of brain health and may delay cognitive decline 
[22]. Different experimental studies on rodents [25] and imaging studies on humans 
[26] suggest that a mentally stimulating environment promotes neurotrophic 
changes in the hippocampal formation, neurogenesis, and synaptic density. An 
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Fig. 13.3  Illustration of the association between the emergence of dementia-associated neuropa-
thology, its clinical expression and cognitive reserve (figure adapted from [21]; reproduced with 
permission). Educational attainment and occupational challenges can usually no longer be changed 
in individuals aged 50 years and older. However, cognitive leisure activities may increase their 
cognitive reserve and thus lead to a delay in the emergence of cognitive decline

13  Postponing Cognitive Decline



122

imaging study by Valenzuela et al. [26] with healthy older human adults shows that 
participants with high levels of mental activities (in the domains of education, occu-
pation, creative arts, reading, writing, socializing, and day-to-day habits) across the 
lifespan (young adulthood, middle age, and late life) exhibit a reduced rate of hip-
pocampal atrophy compared to those with low levels.

A Cochrane review [27] examining the effect of cognitive training (i.e., the struc-
tured practice on tasks targeting specific domains of cognitive functioning) with 36 
included studies involving healthy older participants or people with mild cognitive 
impairment provides evidence for an improvement in immediate and delayed verbal 
recall compared to participants without training. However, this positive effect did 
not exceed the improvements in active control groups receiving “only” unspecific 
cognitive stimulation such as reading, playing board games, or dancing that may 
significantly reduce the risk for cognitive decline or dementia (see also e.g., [28]). 
Moreover, various studies revealed that musical activities (i.e., playing an instru-
ment or singing) enhance performance in different cognitive domains (attention, 
executive functions) by promoting neural plasticity and increasing gray matter vol-
ume in frontal, motor, parietal, and temporal (e.g., hippocampus) areas [29].

In summary, there is hopeful evidence that non-pharmacological interventions in 
stages with no or very little cognitive impairment may be effective in delaying (fur-
ther) cognitive decline. Optimally, such a program should address all possible pre-
ventive aspects: dietary habits, physical activity, intake of toxic substances (smoking 
behavior and alcohol consumption), and cognitive activity.

13.3	 �Prevention Studies with a Multidimensional Approach

Although observational studies confirm the association between the mentioned 
modifiable risk factors and AD, results from intervention studies investigating the 
effect of these factors in delaying the onset of cognitive decline or AD are mixed. 
These inconsistent findings may have resulted from various methodological prob-
lems including small samples, short intervention periods with short follow-ups or 
inappropriate timing (too late to obtain a significant intervention effect; or a mono-
interventional approach investigating only one risk factor [10]). However, as the 
underlying pathology of AD is multifactorial, measures addressing multiple target 
areas aiming to modify vascular and lifestyle factors simultaneously seem more 
appropriate. To date, there are three large ongoing European intervention studies 
targeting simultaneously multiple risk factors: the Finnish Geriatric Intervention 
Study to Prevent Cognitive Impairment and Disability (FINGER; [30, 31]), the 
Prevention of Dementia by Intensive Vascular Care (PreDIVA, [32]) study, and the 
study Multidomain Alzheimer Preventive Trial (MAPT, [33, 34]). Until now, only 
preliminary results from these studies have been published. In 2011, the European 
Dementia Prevention Initiative (EDPI; http://www.edpi.org/) was launched to 
combine the valuable information collected in the three ongoing European trials 
mentioned above. The aim of this initiative is to improve and promote the 
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collaboration between researchers involved in the field of dementia prevention to 
combine experience and datasets and better define target populations, intervention 
strategies, and methodological challenges in large dementia prevention trials [10]. 
Based on the studies mentioned above, an innovative and interactive Internet inter-
vention platform for the treatment of cardiovascular disease in older people was 
initiated as an additional project by the members of the EDPI called Healthy Aging 
Through Internet Counseling in the Elderly (HATICE; http://www.hatice.eu/). An 
additional initiative from Switzerland named “EviPrev” is based on current scien-
tific data and focuses on evidence-based prevention and early detection of poten-
tially chronic diseases (short interventions on physical activity, nutrition, smoking, 
alcohol consumption and screening for high blood pressure, dyslipidemia, diabe-
tes, breast cancer, colon cancer, and others) in primary health care setting. Although 
this project is not considered to be a prevention study with a multidimensional 
approach, it has an important impact on cognitive health by systematically record-
ing cardiovascular risk factors. A systematic assessment of these risk factors which 
significantly affect cognitive health is crucial for effective treatments and success-
ful lifestyle interventions [35].

13.4	 �Health Coaching: A Multidimensional Counseling 
Program to Promote Health Behavior in the Primary 
Care Setting

Based on the findings summarized so far, an additional multidimensional and struc-
tured health program of counseling in primary care practice called “Health 
Coaching” was developed by the Swiss College of Primary Care Medicine (http://
www.gesundheitscoaching-khm.ch/; [36]. Designed for GPs, the primary aim of 
this program is to promote health behavior in the Swiss population and prevent 
chronic diseases (e.g., stroke, coronary heart disease, cardiovascular disease) by 
targeting the most important contributors to disease burden including smoking, 
alcohol consumption, body weight, dietary habits, level of physical activity, and 
coping strategies with stress [36, 37]. The aim is to give GPs the tools to motivate 
their patients and accompany them during the implementation of a healthier life-
style. Patients are involved in the decision process and share the responsibility for 
their health with the practitioner. Thus, an important aspect of “Health Coaching” is 
that patient and health professional meet on equal terms and jointly plan a step-by-
step health program based on the patient’s individual preferences and abilities [36]. 
The program also emphasizes the high importance of the GPs’ communication 
skills and offers specific training programs in Motivational Interviewing (MI; see 
below) within this program [38]. Although Health Coaching as a non-pharmacolog-
ical program is certainly quite comprehensive and probably sufficient for individu-
als who are still in work force, it could benefit from an additional module focusing 
on cognitive activity for patients who are beyond retirement or who exhibit subtle 
cognitive problems.
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13.5	 �BrainCoach Program to Promote Cognitive Activity

13.5.1	 �Cognitive Activity

Based on scientific data reviewed above we have developed a cognitive activity pro-
gram named “BrainCoach,” which was specifically created for older adults at risk for 
cognitive impairment who might be e.g., in the so-called “silent phase” of AD [39] 
and is meant to be implemented in the primary care setting to be conducted by the 
GPs and other health care professionals (e.g., psychologists). The primary purpose of 
this module is—in accordance with the theory of cognitive reserve described above 
and the rule of “Use it or lose it!”—to accompany older adults and promote their 
motivation to maintain and increase brain health by increasing their cognitive activ-
ity. The program addresses especially older adults feeling cognitively “bored” in 
everyday life, individuals being shortly before retirement, or individuals with subtle 
cognitive alterations. The promotion of the activity will be achieved by a specific 
folder (A4-format) including information about cognitive activity and its effects on 
brain health, communication skills (Motivational Interviewing), and a structured 
questionnaire as a guideline (working sheet) to evaluate the patients’ current cogni-
tive activity and increase their motivation to find and implement a cognitive activity 
in their daily life. The “BrainCoach” program intentionally does not include specific 
cognitive exercises but highlights the importance of eliciting the patients’ motivation 
to find a cognitive activity that they like to perform regularly (e.g., something they 
performed earlier in their life). In case the patients cannot think of any cognitive 
activity they would like to engage in, the “BrainCoach” program offers a range of 
different cognitive activities—a “cognitive buffet” (i.e., different activities depicted 
on color photographs)—from which the patients may choose the ones they would 
like to perform. Some possible activities can be performed individually such as doing 
artwork, solving crossword puzzles, singing, playing a musical instrument, or read-
ing books/newspapers. Activities carried out in groups have an additional stimulating 
component, especially due to social interactions. Examples for these kinds of activi-
ties include language courses, dancing classes, singing in a choir, reading circles, 
attending university for seniors, playing board games, or attending cultural events 
with friends (e.g., theater, cinema, and concerts). This list included in the 
“BrainCoach” program cannot be complete, since a variety of additional activities 
may positively affect brain health. The patients are free in choosing something from 
this list or engage in another cognitively stimulating activity. The “BrainCoach” pro-
gram is cost-free; however, the chosen activities have to be paid by the patients.

13.5.2	 �Motivational Interviewing (MI)

Mathematically speaking it would make the most sense to especially inspire 
patients with a low cognitive reserve to (newly) engage in cognitive activities, 
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since these individuals have the largest room for improvement (see Fig.  13.3). 
Thus, the technique used to motivate patients will be critical. MI is a well-known 
client-centered and collaborative counseling technique that has frequently and suc-
cessfully been applied in general health care settings and health promotion [40]. 
Briefly, eliciting people’s intrinsic motivation appears to be a key factor to achieve 
long-lasting behavioral change [41–43]. For example, in the “BrainCoach” pro-
gram a cognitive activity is chosen from the cognitive buffet because of the patient’s 
personal interest in the activity. Its motivation is more likely to be intrinsic, because 
the patient probably chose this activity for being enjoyable, pleasurable, or giving 
satisfaction. Importantly, because patient and health practitioner work together at 
eye level to identify a suitable cognitive activity, engagement in this activity is not 
extrinsically motivated. That is, the patient does not engage in this activity to 
receive a reward, or because of feeling obliged. MI can be used in a brief interven-
tion format, making it suitable for the primary care setting. As motivating and 
accompanying patients to make health-related behavioral changes represent a chal-
lenge for GPs, profound communication skills are crucial for successful counsel-
ing. Within the “BrainCoach” program, a training program for GPs in MI has been 
developed.

The “BrainCoach” program, including the folder, the “cognitive buffet,” and a 
structured questionnaire (work sheet) based on the communication skills included 
in MI has been tested in a pilot study (feasibility, acceptance of the documents 
and the concept) and resulted in very high acceptance rates in both GPs and 
patients.

�Conclusions
Due to demographic change, dementia represents a major health care issue for 
our society. Although the underlying pathogenesis of AD is not fully understood, 
a number of observational studies provide strong evidence for an adverse effect 
of multiple cardiovascular and lifestyle risk factors. In this regard, prevention 
strategies are needed to manage and lower the increase of dementia cases influ-
enced by these risk factors. Delaying cognitive decline and dementia would have 
a huge impact on its incidence and prevalence. Specifically, a 10–20% reduction 
of the seven main risk factors for AD (diabetes, midlife hypertension, midlife 
obesity, physical inactivity, depression, smoking, low educational attainment) 
would decrease AD prevalence by 8–15% until 2050 [7]. Additionally, estima-
tions from a projection model imply that interventions with the potential to delay 
disease onset or progression by only 1 year would reduce the number of AD 
patients by about 11% (i.e., nine million cases; [43]). Understanding the contri-
bution and the impact of different lifestyle factors on disease development will 
have an important influence on future disease management and treatment since 
many of these risk factors are modifiable.

Disclosure  The “BrainCoach” program is financially supported by an unrestricted grant from 
Vifor Pharma, Switzerland.

13  Postponing Cognitive Decline



126

References

	 1.	Alzheimer’s Disease International (2015) World Alzheimer Report 2015. The global 
impact of dementia. [Internet]. Available from: http://www.alz.co.uk/research/
WorldAlzheimerReport2015.pdf

	 2.	Satizabal CL, Beiser AS, Chouraki V et al (2016) Incidence of dementia over three decades in 
the Framingham Heart Study. N Engl J Med 374:523–532

	 3.	Matthews FE, Stephan BCM, Robinson L et al (2016) A two decade dementia incidence com-
parison from the cognitive function and ageing studies I and II. Nat Commun 7:11398

	 4.	Barnes DE, Yaffe K (2011) The projected effect of risk factor reduction on Alzheimer’s disease 
prevalence. Lancet Neurol 10:819–828

	 5.	Xu W, Tan L, Wang H-F, Jiang T, Tan M-S, Tan L et al (2015) Meta-analysis of modifiable risk 
factors for Alzheimer’s disease. J Neurol Neurosurg Psychiatry 86(12):1299–1306

	 6.	Norton S, Matthews FE, Barnes DE et al (2014) Potential for primary prevention of Alzheimer’s 
disease: an analysis of population-based data. Lancet Neurol 13:788–794

	 7.	Andrieu S, Coley N, Lovestone S et al (2015) Prevention of sporadic Alzheimer’s disease: les-
sons learned from clinical trials and future directions. Lancet Neurol 14:926–944

	 8.	Barnett J, Bahar-Fuchs A, Cherbuin N, Herath P, Anstey K (2015) Interventions to prevent 
cognitive decline and dementia in adults without cognitive impairment: a systematic review. J 
Prev Alzheimers Dis 2:38–44

	 9.	Erickson KI, Voss MW, Prakash RS et al (2011) Exercise training increases size of hippocam-
pus and improves memory. Proc Natl Acad Sci 108:3017–3022

	10.	Richard E, Andrieu S, Solomon A et  al (2012) Methodological challenges in designing 
dementia prevention trials—the European dementia prevention initiative (EDPI). J Neurol Sci 
322:64–70

	11.	Solomon A, Mangialasche F, Richard E et al (2014) Advances in the prevention of Alzheimer’s 
disease and dementia. J Intern Med 275:229–250

	12.	Biessels GJ (2014) Capitalising on modifiable risk factors for Alzheimer’s disease. Lancet 
Neurol 13:752–753

	13.	Morris MC, Tangney CC, Wang Y et al (2015) MIND diet associated with reduced incidence 
of Alzheimer’s disease. Alzheimers Dement 11:1007–1014

	14.	Gillette-Guyonnet S, Secher M, Vellas B (2013) Nutrition and neurodegeneration: epidemio-
logical evidence and challenges for future research. Br J Clin Pharmacol 75:738–755

	15.	Canevelli M, Lucchini F, Quarata F et al (2016) Nutrition and dementia: evidence for preven-
tive approaches? Nutrients 8:144

	16.	Hayes SM, Alosco ML, Hayes JP et al (2015) Physical activity is positively associated with 
episodic memory in aging. J Int Neuropsychol Soc 21:780–790

	17.	Best JR, Chiu BK, Liang Hsu C et al (2015) Long-term effects of resistance exercise training 
on cognition and brain volume in older women: results from a randomized controlled trial. J 
Int Neuropsychol Soc 21.(Special Issue 10:745–756

	18.	Stern Y (2012) Cognitive reserve in ageing and Alzheimer’s disease. Lancet Neurol 
11:1006–1012

	19.	Langa C, Larson EB, Crimmins E et al (2017) A comparison of the prevalence of dementia in 
the United States in 2000 and 2012. JAMA Intern Med 177:51–58

	20.	Stern Y (2009) Cognitive reserve. Neuropsychologia 47:2015–2028
	21.	Sattler C, Toro P, Schönknecht P, Schröder J (2012) Cognitive activity, education and socio-

economic status as preventive factors for mild cognitive impairment and Alzheimer’s disease. 
Psychiatry Res 196:90–95

	22.	Akbaraly TN, Portet F, Fustinoni S et al (2009) Leisure activities and the risk of dementia in 
the elderly: results from the Three-City Study. Neurology 73:854–861

	23.	Lachman ME, Agrigoroaei S, Murphy C et al (2010) Frequent cognitive activity compensates 
for education differences in episodic memory. Am J Geriatr Psychiatry 18:4–10

A. U. Monsch et al.

http://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf
http://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf


127

	24.	Reed BR, Dowling M, Tomaszewski Farias S et al (2011) Cognitive activities during adulthood 
are more important than education in building reserve. J Int Neuropsychol Soc 17:615–624

	25.	Woods B, Aguirre E, Spector AE et al (2012) Cognitive stimulation to improve cognitive func-
tioning in people with dementia. Cochrane Database Syst Rev (2):CD005562

	26.	Valenzuela MJ, Sachdev P, Wen W et al (2008) Lifespan mental activity predicts diminished 
rate of hippocampal atrophy. PLoS One 3:e2598

	27.	Martin M, Clare L, Altgassen AM et al (2011) Cognition-based interventions for healthy older 
people and people with mild cognitive impairment. Cochrane Database Syst Rev 1:CD006220

	28.	Stern C, Munn Z (2010) Cognitive leisure activities and their role in preventing dementia: a 
systematic review. Int J Evid Based Healthc 8:2–17

	29.	Fotuhi M, Do D, Jack C (2012) Modifiable factors that alter the size of the hippocampus with 
ageing. Nat Rev Neurol 8:189–202

	30.	Kivipelto M, Ngandu T, Laatikainen T et al (2006) Risk score for the prediction of dementia 
risk in 20 years among middle aged people: a longitudinal, population-based study. Lancet 
Neurol 5:735–741

	31.	Ngandu T, Lehtisalo J, Solomon A et al (2015) A 2 year multidomain intervention of diet, exer-
cise, cognitive training, and vascular risk monitoring versus control to prevent cognitive decline 
in at-risk elderly people (FINGER): a randomised controlled trial. Lancet 385:2255–2263

	32.	Ligthart SA, van den Eerenbeemt KD, Pols J et al (2015) Perspectives of older people engag-
ing in nurse-led cardiovascular prevention programmes: a qualitative study in primary care in 
the Netherlands. Br J Gen Pract 65:e41–e48

	33.	Lilamand M, Cesari M, Del Campo N et al (2016) Brain amyloid deposition is associated with 
lower instrumental activities of daily living abilities in older adults. Results from the MAPT 
study. J Gerontol A Biol Sci Med Sci 71:391–397

	34.	Vellas B, Carrie I, Gillette-Guyonnet S et al (2014) MAPT study: a multidomain approach for 
preventing Alzheimer’s disease: design and baseline data. J Prev Alzheimers Dis 1:13–22

	35.	Cornuz J, Auer R, Neuner-Jehle S et al (2015) Schweizer Empfehlungen für den Check-up in 
der Arztpraxis. Swiss Med Forum 15:974–980

	36.	Neuner-Jehle S, Schmid M, Grüninger U (2013) The “Health Coaching” programme: a new 
patient-centred and visually supported approach for health behaviour change in primary care. 
BMC Fam Pract 14:1–8

	37.	Neuner-Jehle S, Schmid M, Grüninger U (2014) Kurzberatung in der Arztpraxis zur 
Verbesserung des Gesundheitsverhaltens: probleme und Lösungen. Praxis 103:271–277

	38.	Neuner-Jehle S, Grüninger U, Schmid M (2016) Efficacy of a communication skill training 
fostering health promotion in primary care: a mixed method analysis. 2161–0711

	39.	Dubois B, Hampel H, Feldman HH et al (2016) Preclinical Alzheimer’s disease: definition, 
natural history, and diagnostic criteria. Alzheimers Dement 12:292–323

	40.	Söderlund LL, Madson MB, Rubak S et al (2011) A systematic review of motivational inter-
viewing training for general health care practitioners. Patient Educ Couns 84:16–26

	41.	Ng JYY, Ntoumanis N, Thøgersen-Ntoumani C et al (2012) Self-determination theory applied 
to health contexts a meta-analysis. Perspect Psychol Sci 7:325–340

	42.	Patrick H, Resnicow K, Teixeira PJ et al (2013) Chapter 5—communication skills to elicit 
physical activity behavior change: how to talk to the client. ACSMs Health Fit J:129–149

	43.	Teixeira PJ, Silva MN, Mata J et  al (2012) Motivation, self-determination, and long-term 
weight control. Int J Behav Nutr Phys Act 9:22

13  Postponing Cognitive Decline



129© Springer International Publishing AG, part of Springer Nature 2019
J.-P. Michel (ed.), Prevention of Chronic Diseases and Age-Related Disability, 
Practical Issues in Geriatrics, https://doi.org/10.1007/978-3-319-96529-1_14

P. Tran Ba Huy  
French National Academy of Medicine, Paris, France
e-mail: patrice.tran-ba-huy@aphp.fr

14Age-Related Decline of Vision, Hearing, 
and Balance: Pathophysiology 
and Midlife Prevention

Patrice Tran Ba Huy

Key Messages

•	 Starting around the fourth decade, structural changes affect the retina and periph-
eral nerve fibers, susceptible to provoke later dysfunctions in daily life.

•	 Midlife examination could detect eye diseases, acquired or genetic with late rev-
elation, liable to exacerbate the adverse effects of aging. At this age, controlling 
also external risk factors is very important.

•	 Starting between 40 and 50 years, age-related hearing loss (presbycusis) has a 
high prevalence, doubling with each successive age decade and affecting over 
two-thirds of adults aged over 70 years.

•	 As there is no treatment for presbycusis, midlife prevention is essential and 
mainly based on the management of the extrinsic factors: mainly drug-induced 
ototoxicity and chronic acoustic trauma.

•	 Balance degenerative changes, linked to alterations of peripheral sensory sys-
tems (vestibular, visual, and proprioceptive), central structures integrating sen-
sory input and motor systems (skeletal/oculomotor/somatic muscles), affect 
more than a quarter the 65+ population and about half of those 85+.

•	 Prevention of balance disorder is of utmost importance. It is founded on midlife 
examination screening for risk factors and comorbidities, correcting any environ-
mental and lifestyle problems and, above all, recommending physical activity.

Vision, hearing, and balance play major roles in our daily life. With age, these sen-
sory systems tend to lose function, not only because of the biology of aging but also 
through independent mechanisms unique to each of them [1]. In other words, sen-
sory decline is an inevitable physiological process which is aggravated by some 
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specific etiologic factors. Prevention is essential to minimize major geriatric out-
comes including physical, cognitive, and socioeconomic aspects.

In this chapter, we discuss the respective pathophysiology of the decline of these 
sensory functions and the measures aiming at preventing, or more precisely delay-
ing, the impact of age and at promoting healthy aging and quality of life.

14.1	 �Vision

Starting around the fourth decade, structural changes affect the retina and peripheral 
nerve fibers: loss of cones and rods, reduction of pupil diameter, senile miosis, slow-
ing of the pupillary reflex, yellowing of the crystalline lens, etc. [2]. These altera-
tions impair several system functions, including field of view, acuity, color 
discrimination, contrast sensitivity at high spatial frequencies, depth and motion 
perception, visual processing speed, etc.

As a result, visual dysfunction has a significant impact on daily living, including 
mobility-based activities and quality of life. A large body of evidence suggests that 
diminished visual information, whatever its cause, is associated with increased risk 
of falls [3] and may affect vision-dependent cognitive outcomes. Some studies [4, 
5] suggested that individuals with advanced age-related macular degeneration 
(AMD) have a greater 2-year risk of developing Alzheimer’s disease than those with 
better vision. Conversely, deficits in visual cognition in Alzheimer patients have 
been widely reported. Finally, some studies have shown that visual stimulus 
enhancement has a positive impact on many aspects of the functional impairments 
experienced by patients with Alzheimer’s disease [6].

Clinically, impaired accommodation is the most sensitive and earliest index of age-
related vision impairment. Unfortunately this physiological process, known as presby-
opia, too often leads to self-correction by over-the-counter “reading glasses,” without 
medical prescription. Apart from the problems of optical error and poor centering, 
especially frequent with progressive lenses, this bad habit, which is increasingly wide-
spread and encouraged by mass retailers and the Internet, deprives the patient of a 
proper ophthalmologic assessment. Midlife examination could detect eye diseases, 
acquired or genetic with late revelation, liable to exacerbate the adverse effects of 
aging. There are two such pathologies which have particularly significant impact.

Measurement of ocular pressure could disclose chronic glaucoma, which, by 
contrast with acute glaucoma, may be revealed only by slow progressive deteriora-
tion of the visual field, with no reddish eye, pain, or loss of visual acuity. Fundus 
examination can diagnose retinopathy, which is a severe side-effect of diabetes and 
develops in nearly all individuals who have type I diabetes with more than 15 years’ 
progression and in 50–80% of type II diabetic patients after 20 years [7].

Cataract and AMD are two major causes of vision loss, developing in older 
adults. However, the fact that they could have some genetic origin may justify 
genetic consultation for at-risk families.

Alongside these specific ophthalmologic pathologies, there are also general and 
environmental risk factors: (1) high blood pressure, diabetes, too-rich diet, sedentary 
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lifestyle, and/or obesity increase the risk of eye-stroke; (2) prolonged excessive use of 
psychotropic drugs and/or antidepressants is the leading cause of dry eye in France; 
(3) alcohol abuse and smoking are known to induce optic neuropathy; (4) ultraviolet 
radiation exposure leads to phototoxicity more often than to phototrauma [8].

To summarize, midlife prevention of age-related decline of vision relies on sys-
tematic ophthalmologic evaluation and general measures in individuals over 
45 years of age. Independently of specific treatment of any given ocular pathology 
and correction of extrinsic factors, non-pharmacological approaches such as enhanc-
ing the contrast and strength of visual stimuli could alleviate functional impairment 
in daily activities and, in the long term, postpone cognitive decline.

14.2	 �Hearing

Age-related hearing loss, known as presbycusis, has high prevalence, doubling with 
each successive age decade, with onset beginning around the 40s or 50s and affect-
ing over two-thirds of adults aged over 70 years. According to epidemiological stud-
ies, it is the third most prevalent chronic medical affection after osteoarthritis and 
hypertension and has major, although underestimated, social and medical implica-
tions as it increases the risk of physical and cognitive (Lin) decline.

As in other sensory systems, presbycusis involves both intrinsic and extrinsic 
factors [4, 9].

Intrinsic factors include genetic and structural components. (1) Three genes, 
KCNQ4 (encoding a voltage-gated potassium channel), NAT2 (N-acetyl-transferase), 
and GRM7 (glutamate metabotropic receptor 7), are considered susceptibility genes 
for presbycusis. This could account for the differences in susceptibility among older 
individuals, some presenting remarkable auditory performance with good speech 
discrimination whereas others develop early hearing impairment. (2) Inner and 
outer hair cells are limited in number and highly differentiated. These post-mitotic 
cells are unable to multiply; accordingly any loss, whatever its cause, is irreversible, 
leaving “dead zones” in the organ of Corti.

Extrinsic factors comprise two main etiologies. (1) Drug-induced ototoxicity 
mainly implicates aminoglycosides [10]. Their action mechanism is not fully eluci-
dated, but at least partly involves individual genetic susceptibility. (2) Chronic 
acoustic trauma has been pinpointed since the seminal report by Rosen et al. In the 
1960s, they found that 80–90-year-olds in a tribal community in Sudan showed 
hearing performances comparable to those of teenagers in New York; their tribal 
culture featured a low-fat low-protein diet and a quiet environment, their music 
involving no percussion instruments [11]. This surprising observation suggested 
that the noise of modern city life jeopardizes hearing.

Medical factors, such as diabetes, atherosclerosis, and viral infection, may have 
exacerbating effects. Whatever the factors involved, the final result is intracellular 
accumulation of free radicals, leading to apoptosis.

Histopathological studies identified four types of presbycusis, each presenting 
specific audiometric and etiologic features [12]. (1) The most frequent is metabolic, 
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involving the stria vascularis. This microangiopathy affects the structure underlying 
the electrochemical characteristics of the endolymph bathing the organ of Corti. The 
audiometric curve is flat or slightly descending, with good speech discrimination. (2) 
The neuronal type involves the afferent fibers and spiral ganglion. The audiometric 
curve is descending, affecting high frequencies. (3) The sensory type predominantly 
affects hair cells, and especially the outer hair cells, leading to loss of frequency 
selectivity. The audiometric curve shows an abrupt drop at high frequencies. 
Experimental data suggest that this type is mainly caused by environmental noise. (4) 
The mechanical type results from age-related rigidity of the basilar membrane sup-
porting the organ of Corti. The consequences are notably experienced by musicians, 
who begin tuning their instruments to ever-higher frequencies.

Clinically, the most common and earliest complaint in age-related hearing loss is 
difficulty in understanding speech, especially in the presence of background noise 
(the “cocktail party” effect). This symptom is due to poor frequency resolution of 
sounds by an impaired cochlea, and to higher-level cognitive factors. Impaired com-
munication leads to socio-familial isolation, withdrawal, depression, etc. A major 
issue in this regard is that hearing loss in older adults may incur a long-term risk of 
dementia [13–15], with a shared neuropathologic etiology including synaptic altera-
tions in central pathways, deficits in central auditory processing which in turn affect 
executive functions, and auditory difficulties requiring greater cognitive resources to 
process auditory perception, to the detriment of other cognitive processes such as 
working memory. Conversely, recent studies have suggested that patients with nor-
mal cognitive function carrying the APOEε4 allele, the most robust genetic risk 
allele for Alzheimer’s disease, show significantly more severe presbycusis than non-
carriers [4]. A convincing argument for a relationship between presbycusis and 
dementia was provided by a recent study suggesting that early rehabilitation by hear-
ing aids postpones onset of the dementia; this finding awaits replication [16, 17].

Midlife prevention is mainly based on the management of the above extrinsic 
factors. Indications for aminoglycoside antibiotics are now well defined and lim-
ited. However, many other drugs are potentially ototoxic. Therefore, careful review 
of dosage, drug interactions, and the necessity of prescription are mandatory to limit 
auditory side-effects. Regarding acoustic trauma, it is well established that certain 
occupations, such as roadworkers and disk jockeys, and certain leisure activities, 
such as hunting, clay-pigeon shooting, and concert-going, should be the subject of 
strict and perhaps legally mandatory acoustic protection; it is impossible to over-
state the dangers of the prolonged daily acoustic exposure suffered (and/or actively 
sought) by teenagers addicted to their headphones and earphones and the need for 
precise information on the risks involved.

Limiting the deleterious impact of these extrinsic factors is essential, especially 
since there is no curative treatment for presbycusis [18]. At the present time, hearing 
aids are the only means of palliating the decline of auditory function. However, 
there are many barriers to this solution: high cost, inadequate national health and 
private insurance cover, the inconvenience of repeated consultation for fitting and 
adjustments, and, above all, psychological unwillingness to accept reality. From a 
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public health perspective, efforts should be made to increase the affordability and 
accessibility of sound amplifiers. For those who cannot benefit from amplification 
devices due to socioeconomic reasons, cognitive impairment, or problems of man-
ual dexterity, other listening aids may be of great help: devices providing warnings 
and signals, headphones, amplified telephones, etc. Finally, education and coaching 
on the use of communication strategies must be undertaken: e.g., speaking face-to-
face, reducing background noise, speaking more slowly.

To summarize, midlife prevention of age-related hearing decline is founded on 
careful protection of a limited auditory cell stock that is sadly sensitive to environ-
mental aggression.

14.3	 �Balance

Balance disorder is becoming a major issue in developed countries [4, 19, 20], 
firstly because prevalence increases steadily with age, affecting a quarter to one-
third of the population older than 65 years and about half of those older than 85. 
Secondly, over and above the everyday nuisance, it is a major risk factor for iterative 
falls, the devastating physical and financial consequences of which are notorious: 
30% of adults older than 65 years fall at least once a year, and about 50% fall again, 
leading to hospital admission, restricted mobility, loss of independence, and a finan-
cial burden averaging $20 billion per year in the USA.

Pathophysiologically, balance in humans involves a complex system, including 
three peripheral sensory systems (vestibular, visual, and proprioceptive), and central 
structures integrating peripheral sensory input and transmitting appropriate com-
mands to a select group of skeletal, oculomotor, and somatic muscles. The outcome 
of this system should be an automatic, unconscious, and instantaneous corporal 
response to spatial modifications accompanying movement: i.e., to stabilize posture 
and gaze.

With age, the whole balance system undergoes degenerative changes [21]. In the 
vestibule, loss of hair cells, disintegration of otoconia, decrease in the number of 
primary vestibular neurons, and shrinkage of vestibular nuclei have been exten-
sively documented and attributed partly to microvascular changes. These structural 
alterations are confirmed by vestibular tests showing diminished vestibulo-ocular 
reflex, deterioration of the velocity storage mechanism, and delay in otolithic 
response. Concomitantly, the decline of visual performance affects the visual pre-
ponderance, which increases with age, older adults increasingly relying on the 
visual system to stabilize their posture. Similarly, aging of the muscles, joints, and 
tendons impairs proprioceptive system performance, as demonstrated by decreased 
stability on posturographic test and lowering of vibration and touch thresholds. In 
addition, reduction in strength and contraction speed, along with fatigability of skel-
etal, somatic and oculomotor muscles, delays the reaction to postural disturbance, 
as demonstrated by dynamic posturography and impaired saccadic, optokinetic and 
pursuit eye movements.
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Concomitantly, the central structures (cerebellum, brainstem, and cortical struc-
tures) which integrate and stratify all these peripheral sensory inputs show progres-
sive and irreversible changes, including demyelination, neuronal degeneration, etc.

Clinically, age-related dizziness (also known as presbystasis) induces a variety of 
symptoms and signs. Firstly, difficulty walking, slower gait speed, and shorter step 
length are universally reported by older individuals subject to dizziness. Secondly, 
constant fear of falling, anxiety, feeling unsafe, and lightheadedness constitute a 
heavy emotional burden that comes with vestibular loss, restricting daily activities 
and causing social isolation [20]. And thirdly, emerging literature suggests that dif-
ficulties in concentration and memory, leading to cognitive impairment, are associ-
ated with loss of balance.

Prevention of balance disorder and of its dramatic consequence, falls, includes 
analysis of the patient’s environment and lifestyle, and thorough multidisciplinary 
screening for risk factors that worsen the deleterious side-effects of aging and 
should be identified and corrected as early as possible [22].

Environmental factors that may contribute to disorientation and increase the risk 
of falling should be identified: irregular flooring at home (rugs and carpets, steps, 
paving), insufficient lighting, unsuitable footwear (high heels, foam soles absorbing 
proprioceptive sensation, etc.), familial and social isolation, etc.

Physical examination should investigate the various systems involved in the 
maintenance of balance. Peripheral vestibular disorders including benign peripheral 
paroxysmal vertigo, Ménière’s disease, vestibular neuritis, ototoxic insult, or any 
type of otologic pathology may aggravate or decompensate a precarious and aging 
balance system. Caloric and posturographic tests are baseline examinations.

Ophthalmologic check-up includes visual field and acuity, fundus examination 
and oculomotor function. It screens for incipient peripheral visual disorder (vascu-
lar optical neuropathy, glaucoma, or diabetic retinopathy), which disturbs balance 
more than central visual disorders such as AMD or cataract. Likewise, oculomotor 
disorder, as found in Parkinson’s disease, impairs the visual scanning of surround-
ings that is so essential to balance. It is also worth stressing the dangers of progres-
sive lenses, which heighten disorientation and the risk of falling.

The main neurologic pathologies leading to risk of fall are neurodegenerative 
diseases such as Parkinson’s or Alzheimer’s, normal pressure hydrocephaly, pseu-
dobulbar conditions, and cerebellar syndrome. Higher mental function should also 
be assessed on questionnaires, particularly exploring memory deficit and cognitive 
decline and screening for psychogenic factors such as depression or fear of falling 
in itself, which is a vicious circle that progressively confines the elderly subject to 
immobility, only worsening the situation.

Orthopedic examination assesses muscle strength and osteoarticular freedom 
and flexibility, and screens for vertebral stasis disorder, flexion contracture of the 
hip, plantar abnormality and, more generally, history of trauma, and any disorder 
impairing proprioception or automatic compensatory muscle action accounting for 
maladapted motor response.

Finally, general evaluation should assess the patient’s physical faculties and abil-
ity to perform the actions of everyday living. Two simple maneuvers should be 
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implemented in any individual above 45 years of age: the Get-up-and-Go test (sub-
ject, seated on a chair with a back 3 m from a wall, gets up and heads for the wall to 
touch it, turns round, comes back to and circles the chair, then sits down again, all 
within 20 s or so), and the unipodal test (patient should stay upright for at least 5 s 
on a single leg).

Cardiovascular diathesis, osteoporosis, atherosclerosis, diabetes, recent anesthe-
sia or confinement to bed, for however short a time, should be screened because 
such episodes are often followed by decompensation of central origin, from which 
elderly subjects cannot recover.

But it must also, and above all, be ensured that any medication, whatever the 
intercurrent pathologies, should not be excessive: the effects of sedatives, antide-
pressants, hypnotics, diuretics, and antihypertensives can cumulate and directly 
impair residual physical capacity; such iatrogenic effects are too often overlooked 
yet all too frequent.

To summarize, prevention of balance disorder is of utmost importance. It is 
founded on midlife examination screening for risk factors and comorbidities, cor-
recting any environmental and lifestyle problems and, above all, recommending 
physical activity.
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15Fall Prevention

Hubert Blain, Pierre Louis Bernard, Chokri Boubakri, 
and Jean Bousquet

Key Messages

•	 30% of people aged over 65 years fall each year; falls are one of the leading 
causes for hospitalization, disability, and admission to a nursing home.

•	 People who fall, or report recurrent falls in the past year, or demonstrate abnor-
malities of gait and/or balance should be considered at high risk of falling to be 
offered a multifactorial falls risk assessment.

•	 Individualized, targeted multifactorial interventions comprise the management 
of specific causes of gait/balance and muscle strength disturbances, prescription 
of vitamin D supplements, measures to improve home safety, a review of medi-
cations, vision optimization, insertion of a pacemaker in case of carotid sinus 
hypersensitivity, and multifaceted podiatry.

•	 Group and home-based exercise programmes that combine balance and moder-
ate intensity strength training are effective to reduce falls in older people what-
ever the risk of falling.

•	 Design modifications to public environment including “age-friendly” transportation 
modifications and measures to enhance “fall awareness” in older people and health-
care professionals are also necessary to prevent falls and their complications.
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15.1	 �Epidemiology of Falls

Among people living in the community approximately 30% of those aged over 
65 years of age and 50% of those older than 80 fall each year and one-third of 
them are repeated fallers. Approximately 30% of falls result in an injury that 
requires medical attention, including fractures in approximately 10% and hip 
fractures in 2% of falls. Approximately 2.3 million of European citizens aged 
65+ attend emergency departments each year with fall-related injuries (3% of all 
Europeans aged 65+), 1.5 million are admitted to hospital for fall-related injuries 
(it represents 60% of all causes of injury emergency ward attendance), and 
36.000 die from falls. Falls are one of the leading causes for hospitalization and 
the third leading cause of disability. Falls can also have psychological conse-
quences, including fear of falling and loss of confidence resulting in self-
restricted activity levels, reduction in physical function and social interactions. 
Falling puts also a strain on the family and is an independent predictor of admis-
sion to a nursing home [1].

The fall rate in nursing homes is much higher than in ambulatory older subjects 
(respectively 2 and 1.5 falls per person-year in men and women,) with almost half 
of residents falling more than once a year [2, 3]. In nursing homes, the mean 
admission rate reaches 1 per person-year and fall-related admissions count for 
15% of overall admissions. Confirmed diagnoses of fractures of the femur account 
for 10% of overall admissions and fracture incidence is between 1 and 4% in nurs-
ing homes [3].

Falls account also for up to 70% of inpatient accidents. Approximately 30% of 
hospital patient’s falls result in physical injury, with 4–6% resulting in serious 
injury [4].

15.2	 �Cost of Falls in Subjects Aged 65 or Older

In the European Union, healthcare expenditures for treating fall-related injuries is 
estimated to be € 25 billion each year. Furthermore, shifting demographics over the 
next 35 years could result in annual fall-related expenditures exceeding € 45 billion 
by the year 2050 [1].

Fractures lead to 80% of the fall-related healthcare costs. The mean costs per fall 
are € 10,000, higher for women than men and increase with age. Persons aged 80+ 
account for almost 50% of all fall-related emergency department visits, and 66% of 
total costs [5].

The costs of long-term care at home and in nursing homes show the largest age-
related increases and accounts together for 54% of the fall-related costs in older 
people [6].

H. Blain et al.



139

15.3	 �How to Identify Subjects at Risk of Fall

15.3.1	 �Risk Factors of Falls

Risk factors of falls in community-dwelling older subjects include a fall history in the 
previous year, a fear of falling, a feeling of unsteadiness when walking, and intrinsic 
(such as age, female gender, leg weakness, and gait/balance disorders, incontinence, 
sadness or depression, vision disturbances, and cognitive impairment, especially) and 
extrinsic factors (such as environmental hazards, medications including psychotropic 
drugs). The American STEADI group recommends that people aged 65+ should fill in 
a questionnaire based on those risk factors, named Stay independent brochure, includ-
ing questions on their history of fall in the previous year, balance/walking distur-
bances (need of a cane or a walker to get around safely, feeling of unsteadiness when 
walking, need to hold onto furniture when walking at home, fear of falling), muscle 
weakness (need to push with the hands to stand up from a chair, troubles stepping up 
onto a curb), urinary problems (need to rush to the toilets), numbness in the feet (some 
feeling loss in the feet), medications at risk of falling (use of drugs that make feel 
light-headed, more tired than usual, sleepy or antidepressant drugs), signs of depres-
sion or sadness (https://www.cdc.gov/steadi/pdf/stay_independent_brochure-a.pdf).

Subjects with a history of fall in the previous year, who feel unsteady when 
standing or walking, and subjects who scored 4/12 points or more should be consid-
ered at risk of falling and should get a strength/gait/balance assessment [7].

15.3.2	 �Tests to Assess Gait and Balance

According to the American and British Geriatrics Societies, tests of balance and gait 
may use the Timed up and go test (TUG) and the “turn 180°” test (TT). Those tests 
are pragmatic, can be used in any setting and their administration requires no special 
equipment. However, both tests rely on clinical judgement and the value of cut-off 
values for the TUG (>12, 14, 20 s?) and the turn 180° test are not well defined. The 
one leg stand test (less than 5 s?) has the same limits [8].

Other tests—such as the Berg balance test (useful in identifying the elders with 
low fall risk), the Tinetti scale, the functional reach and the dynamic gait test—may 
offer more detailed assessment and are of better diagnostic value, but they take lon-
ger to administer and need both equipment and clinical expertise [8].

Patients who stop walking when starting a conversation with a companion (dual 
task) are more prone to falls. People with a difference of 4.5 s or more between the 
TUG test (simple task) and the dual manual task TUG test (TUG test while carrying 
a glass of water in one hand) or who need 14.7 s or over to perform the cognitive 
TUG (TUG test while counting backward from a random start point) are at high risk 
of falling, especially in case of Parkinson’s disease [9].
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15.3.3	 �Tests to Assess Muscle Strength

These tests were well explained in the chapter focused on sarcopenia. The STEADI 
algorithm recommends using TUG, the 30-s chair stand, and the 4-stage balance test 
to identify people with gait/strength/balance disturbances (https://www.cdc.gov/
steadi/index.html).

15.3.4	 �Composite Tests

The Short Physical Performance Battery (SPPB), that includes sit-to-stand perfor-
mance, walking speed, and balance performance, demonstrates a significant asso-
ciation with fall history [10].

The Physiological Profile Assessment (PPA) that involves a series of simple tests 
of vision, peripheral sensation, muscle force, reaction time, postural sway, and the 
Timed up and go test can also be used to identify people at risk for falls [11].

As indicated previously, the above questions and tests should be particularly con-
sidered in patients with multimorbidity that may induce falls, including vision and 
cognitive impairment, incontinence, depression, and polypharmacy [12].

15.4	 �Profile of People Who Should Be Offered 
a Multifactorial Falls Risk Assessment

The 2013 NICE guidelines recommend that older people who present for medical 
attention because of a fall, or report recurrent falls in the past year, or demonstrate 
abnormalities of gait and/or balance when using above tests should be considered at 
sufficiently high risk of falling to be offered a multifactorial falls risk assessment 
[8]. With a slightly different approach, the American STEADI guidelines considers 
that people at high risk of falling are those with gait, strength or balance problems 
and with an history of injurious or recurrent falls (see above).

In subjects at low or moderate risk of falls, a multifactorial falls risk assessment 
is not needed; these persons should be proposed vitamin D ± calcium supplements, 
education, and be referred for strength and balance exercises (community exercise 
or fall prevention programme in case of low or moderate risk or physiotherapy in 
case of moderate risk of fall) (https://www.cdc.gov/steadi/pdf/STEADI-Algorithm-
print.pdf).

15.5	 �Individualized Fall Interventions for Community-
Dwelling Older Subjects

The NICE recommends that individualized multifactorial assessment and interven-
tion should be performed by healthcare professionals with appropriate skills and 
experience, normally in the setting of a specialist falls service with clinic-level 
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quality improvement strategies (e.g. case management), multifactorial assessment 
and treatment (e.g. comprehensive geriatric assessment) [8].

Factors to check in the STEADI multifactorial risk assessment include postural 
dizziness and postural hypotension, medication review, cognitive screening, use of 
mobility aids, feet and footwear, and visual acuity.

In addition to the management of causes and recognized risk factors of falls (of 
gait, balance and mobility disturbances, muscle weakness, and urinary inconti-
nence), successful multifactorial intervention programmes comprise [8]:

15.5.1	 �Exercise Programmes [8, 13–18]

Group and home-based exercise programmes that combine balance and moderate 
intensity strength training either alone or with other interventions, including vision 
assessment and treatment, or environmental assessment and modification, are effec-
tive to prevent falls. The Otago, LIFE, Ossebo, and Falls Management Exercise 
(FaME) programmes have been demonstrated to reduce falls in older people at 
moderate or high risk of falling. Exercises to improve floor-rise ability and dual-task 
training should be included in clinical practice. There is no evidence that walking or 
brisk walking reduces the risk of falling. The NICE recommends that the exercise 
programme should be individually prescribed and monitored by an appropriately 
trained professional. The NICE guidelines recommend promoting the participation 
of older people in falls prevention programmes, considering the psychological and 
social values of such exercise programmes in addition to their physical benefits.

15.5.2	 �Home Hazard Intervention

The majority of fall-related injuries occur while older people move around home. 
Interventions to improve home safety, such as nightlights or bathroom grab bars, 
appear to be effective to reduce falls, especially in people at higher risk of falling, 
i.e. those who fall at home or have received treatment in hospital following a fall [8]. 
Home hazard interventions appear more effective when carried out by suitably 
trained healthcare professionals, especially occupational therapists [15]. NICE 
guidelines recommend promoting design modifications to the home by facilitating 
home visits by Information and Communication Technologies (ICT) specialists 
who could provide more sophisticated prevention and detection solutions [8].

15.5.3	 �Modification/Progressive Withdrawal of Fall Risk–
Increasing Drugs (FRIDs)

Polypharmacy is a risk of falling. The most common FRIDs are—psychotropic 
drugs (sedatives, hypnotics, antidepressants, antipsychotic medications, antiepilep-
tic, opioids, and other drugs which can cause sedation, delirium, or impaired 
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balance and coordination—cardiovascular drugs and other drugs which can cause 
hyponatremia or worsen orthostatic hypotension (such as anticholinergic drugs) and 
induce cardiac arrhythmias. Those FRIDs are risk factors for injurious falls. A meta-
analysis of randomized controlled interventions aiming to prevent falls in the elders 
living in the community reduces significantly, the risk of falling by slow withdrawal 
of psychotropic and de-prescribing programmes [15, 19].

15.5.4	 �Cardiac Pacing

Insertion of a pacemaker should be considered for older people with frequent falls 
associated with cardio-inhibitory carotid sinus hypersensitivity, a condition which 
causes sudden changes in heart rate and blood pressure [8, 15].

15.5.5	 �Vision Optimization

Cataract surgery on the first affected eye and replacement of multifocal glasses by 
single lens glasses are effective in reducing the falling rate in older people living in 
the community [15]. Vision assessment and referral has been a component of suc-
cessful multifactorial falls prevention programmes, especially when associated with 
home hazard intervention [8, 15]. Any history of cataracts, macular degeneration, 
glaucoma, or visual loss should be identified in people at risk of falling and those 
people should be referred to an eye doctor when no eye examination has occurred 
during the past year.

15.5.6	 �Osteoporosis Risk and Vitamin D

The STEADI guidelines recommend giving vitamin D and calcium supplementa-
tion in all patients, whatever their risk of falling [15, 20].

The NICE and more recent European guidelines recommend to perform a BMD 
and calculate the FRAX risk in patients at high risk of fall in order to determine 
recommendations for osteoporosis treatment [5, 21]. The prevalence of osteoporo-
sis is high in patients who fall, especially in case of sarcopenia [22] (see chapter on 
this specific topic).

15.5.7	 �Multifaceted Podiatry

One trial conducted in 305 participants has shown that multifaceted podiatry, and 
foot and ankle exercises reduce significantly the rate of falls in people with dis-
abling foot pains [15].
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15.5.8	 �Encouraging Falls Prevention Programmes

Interventions that aim to increase knowledge/education about fall prevention alone 
seem not to be able to reduce significantly the rate of falls [15]. However, the NICE 
guidelines recommend implementing measures to enhance “fall awareness” in older 
people and healthcare professionals [8]. The American STEADI group recommends 
education in all older people and healthcare professionals (https://www.cdc.gov/
steadi/materials.html). The Prevention of Falls Network for Dissemination 
(ProFouND) that is an European Commission funded initiative dedicated to the dis-
semination and implementation of best practice in fall prevention across Europe has 
also produced documents to influence policy and increase awareness of falls for 
health and social care authorities, the commercial sector, NGOs, and the general 
public (http://profound.eu.com/).

15.5.9	 �Public Environment

NICE guidelines recommend promoting design modifications of public environ-
ments, including “age-friendly” transportation modifications (NICE-2013).

On the whole, dedicated falls prevention programmes conducted in people living 
in the community decrease falls and fall-related injury rates by 20–40% and are cost 
effective [14, 15].

15.6	 �Fall Assessment in Care Settings

15.6.1	 �Fall Assessment in Inpatients

The 2016 NICE guidelines do not recommend to use fall risk prediction tools to 
assess inpatients’ risk of falling in hospital but rather to consider that all hospital-
ized geriatric patients as well as younger patients judged by a clinician to be at 
significant risk of falling [8]. However, the St. Thomas risk assessment tool in fall-
ing elderly inpatients (STRATIFY) which assesses 5 factors (patients hospitalized 
for fall, visually impaired, agitated patients, patients who has fallen in the care facil-
ity since admission and patients with poor transfer and mobility in need of frequent 
toileting) has demonstrated a good sensitivity (93%) and specificity (88%) [23]. 
This scale appears not to be useful in patients undergoing geriatric rehabilitation 
[24]. The Hendrich II Fall Risk Model (HFRM) consists of 8 variables including 
confusion/disorientation/impulsivity, symptomatic depression, altered elimination, 
dizziness/vertigo, gender (female = 0, male = 1), any administered anti-epileptics, 
benzodiazepines, and the “get up and go” test (0–4). That instrument that needs only 
3–5 min to complete has a high sensitivity and specificity to predict the risk of fall-
ing in hospital when used with a cut-off of 5 points [25].
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15.6.2	 �Fall Assessment in Nursing Home Residents

Most of nursing home residents are at high risk of falling and risk assessment tools 
do not add significant value to nurses’ judgement for identifying individuals at high 
risk of falls in daily practice [26].

15.7	 �Fall Interventions in Care Settings

15.7.1	 �Fall Interventions in Inpatients

The evidence for effective falls prevention interventions in acute and subacute 
wards is limited [27]. However, a recent randomized controlled trial showed that 
individualized patient education programmes, combined with training and feedback 
to staff, added to usual care, is effective to reduce the rates of falls and injurious falls 
in older patients in rehabilitation hospital-units [28]. This result confirms that regu-
lar practical face-to-face education and training for nurses, provision of equipment, 
audit, reminders and feedback, and the provision of falls data seem to be key factors 
to successful falls prevention programme implementation in inpatients [29]. NICE 
guidelines endorse the need to better understand which environmental improve-
ments are the most effective and efficient for preventing falls and injuries in hospi-
tal. Architects should take into account these information when designing new 
hospitals [8].

15.7.2	 �Fall Interventions in Nursing Home Residents

Numerous types of interventions for nursing home residents have been tested, but it 
remains uncertain if these interventions have an effect on the rate of falls or the 
number of fallers [27]. Fall prevention interventions may however reduce the num-
ber of recurrent fallers [3]. The international evidence suggests that physical 
restraints may increase the risk of falling by constraining mobility in this group of 
frail elderly persons [30]. Educational programmes for all nursing staff (especially 
head nurses), residents, relatives, and legal guardians are effective to reduce physi-
cal restraint in nursing home residents [31].

15.8	 �Falls Clinics

Falls clinics are one approach by which older people with high levels of falls risk 
can be managed. Falls clinics that are however seldom in the world offer detailed 
multidisciplinary assessment and make recommendations or implement a range of 
targeted falls and falls injury-prevention strategies based on the assessment find-
ings. Several pre–post clinic intervention studies and randomized controlled studies 
have indicated between 30 and 77% reductions in falls and related injuries in high 
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falls risk populations. Moreover it was noticed improvements in other outcomes 
such as balance and mobility, physical functioning, fear of falling, and engagement 
with falls prevention interventions. The number of fallers that need to be treated in 
a fall clinic for one of them to avoid an injurious fall is estimated to be 5–6 [32].

�Conclusion
Falls are a major public health problem in the ageing population. Some simple 
questions related to fall history in the previous months, feeling of unsteadiness, 
and fear of falling, and some simple tests aiming to assess balance/gait and 
muscle strength (timed up and go and sit-to-stand tests for example) may help 
to distinguish people at low, moderate, and high risk of falling. Strength and 
balance exercises are effective to reduce falls in people whatever the risk of 
falls. A multifactorial falls risk assessment and prevention should be offered to 
older people at high risk of falls, i.e. those who present for medical attention 
because of a fall, recurrent falls in the past year, or demonstrate abnormalities 
of gait and/or balance. This multifactorial falls risk assessment and prevention 
should be offered programme by a healthcare professional with appropriate 
skills and experience, normally in the setting of a falls clinic. Individualized, 
targeted multifactorial interventions comprise the management of specific 
causes of gait/balance and muscle strength disturbances, prescription of vitamin 
D supplements, measures to improve home safety (at best delivered by an occu-
pational therapist), a review of medications, vision optimization, insertion of a 
pacemaker in case of carotid sinus hypersensitivity, and multifaceted podiatry. 
Because falls are most often preventable, it is now crucial to overcome limited 
awareness and usage of solutions to prevent and monitor falls and make these 
available [Action Group A2 of the European Innovation Partnership on Active 
and Healthy Ageing (EIP on AHA)] (https://ec.europa.eu/eip/ageing/action-
group/index/a2_en).
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16Promotion of a Lifelong Immunization 
Program for Healthy Ageing

Johan Flamaing

Key Messages
•	 Adult vaccination is often neglected in midlife.
•	 Later in life, multimorbidity, frailty, malnutrition, and immunosenescence 

increase the risk of vaccine preventable diseases.
•	 Due to worldwide vaccination, tetanus and diphtheria became rare diseases. In 

Europe, tetanus and diphtheria affect mainly older adults with a high mortality 
rate.

•	 Pertussis is a frequent disease in adults (parents and grandparents), with regular 
transmission to children.

•	 Excess winter mortality in persons 65+ can be attributed to influenza and low 
vaccine coverages in this target population and their (in)formal caregivers.

•	 The mortality rate of invasive pneumococcal disease is highest in older persons 
and 60 times higher for persons 85+ than for children.

•	 The incidence of shingles and postherpetic neuralgia increases with age with a 
subsequent negative impact on quality of life.

•	 There is a suboptimal protection against these vaccine preventable diseases 
(VPDs).

•	 A lifelong vaccination strategy that directly (vaccination and boosting) and indi-
rectly (herd protection) protects against VPD is the best option to optimally pro-
tect older adults.

•	 Vaccine providers and the healthcare system must coordinate their efforts to 
increase vaccine uptake from birth till old age.
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16.1	 �Introduction

The burden of infectious diseases is spread throughout life but young children and 
older adults mostly have the highest incidence, morbidity, and mortality caused by 
infections.

In infants immunity needs to be acquired to cope with infections later in life and 
in many countries immunization against vaccine preventable diseases (VPDs) is 
embedded in national childhood vaccination programs supported by the healthcare 
system, GPs, child care and school prevention programs.

For adults, unless there is an occupational hazard for a VPD with an associated 
prevention program in the workplace, the individual person is often responsible for 
his/her immunization.

In the older age group, a complex and heterogeneous population regarding mul-
timorbidity, frailty, cognitive and physical function, and nutritional status, the risk 
and consequences of VPD are most pronounced but a structured approach to VPD 
prevention in this population is often lacking.

In this chapter, the rationale and impact of a lifelong vaccination program that 
helps attaining the goal of “healthy ageing” is discussed.

16.2	 �Vaccine Preventable Disease Epidemiology 
in Older Persons

The incidence and impact (morbidity, mortality) of relevant VPD that affect (older) 
adults are summarized in this section.

16.2.1	 �Tetanus

With an estimated global Tetanus-diphtheria (Td) vaccination coverage of nearly 
90%, tetanus has become a rare disease with 13,502 reported cases worldwide in 
2016. Neonatal tetanus is estimated to cause the death of 61,000 newborns yearly 
(2011) mainly in rural areas with poor perinatal hygiene [1]. In developed countries, 
where tetanus has become a rare disease, its incidence is highest in the older popula-
tion, increases with advancing age and mortality is five times higher than in the popu-
lation under 65 years reaching a mortality rate of 50% for persons over 80 years [2].

This higher incidence in older persons is correlated with a lower vaccine cover-
age in the population over 65 years (50% in the article referred) and the lack of 
protective levels of antibodies in about 70% of persons 70 years or older [3].

16.2.2	 �Diphtheria

Due to the combined vaccination against tetanus and diphtheria, the latter VPD has 
also become rare with 7079 cases reported globally in 2016 [4]. In the EU, 35 cases 
were reported in 2014 (22 C. diphtheriae and 13 C. ulcerans cases). Diphtheria 
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occurred in every age groups, 11% in persons 65 years or older and one lethal case 
occurred in an 88 years old woman. Vaccination coverage in the diphtheria cases 
was only 50%. A lack of protective diphtheria antitoxin immunoglobulins has been 
shown in up to 70% of the older population [5].

16.2.3	 �Pertussis

An increasing incidence of pertussis is reported worldwide (2016: 139,535 reported 
cases) and in the EU (40,727 cases in 2014, a 2.5-fold increase compared to 2000). 
Waning immunity, awareness, and better diagnostics can explain this increase [6].

Vaccination strategies for pertussis: vaccination of newborns, infants, children, 
healthcare workers (HCW), pregnant women, adults, and cocoon vaccination aim to 
protect young infants, while disease burden in the (older) adult population is under-
estimated due to an often asymptomatic or mild course.

However, passive surveillance and outbreak data suggest that up to 58% of per-
tussis cases occur in persons 60 years or older resulting in hospitalizations with a 
longer length of stay (LOS) and deaths (often by cerebral hemorrhage) [7].

In pertussis cases, 44% are un- or under vaccinated [6]. Only 22% of persons 
65 years or older reported being vaccinated against pertussis the last 10 years in the 
USA [8]. Protective immunity against pertussis wanes after 5–10 years. Although 
no good correlate for protection exists for pertussis, 1/3 adults had no detectable 
antibodies against pertussis despite childhood vaccination in an Australian and 
Belgian population, suggesting susceptibility to the disease [9].

16.2.4	 �Influenza

The yearly influenza epidemics result in a disproportionally high burden of disease 
in older persons with great inter-seasonal variation depending on the circulating 
influenza strain (with a higher burden in older persons for H3N2 > H1N1 > B).

While the rates of influenza-related GP visits are not highest in the older popula-
tion (the highest rate of GP visits is in children), the rates for influenza-related 
hospitalizations, ICU admissions and deaths are. In the older population the pres-
ence of chronic conditions more than doubles the influenza-related hospitalization 
rate, while mortality is comparable with or without risk condition (chronic obstruc-
tive respiratory disease, cardiovascular, central nervous system, renal and liver dis-
orders, diabetes, immunosuppressive conditions, or stroke) [10]. In Europe, 88% of 
the excess winter mortality in persons 65 years or older could be attributed to the 
H3N2 epidemic in 2016–2017 [11].

Although vaccination against influenza is recommended for older persons and 
persons at risk in most European countries, the EU goal of 75% coverage of the 
target population was only reached in three countries for the season 2012–2013 
(The Netherlands, UK Northern Ireland, and UK Scotland) [12]. Decreasing trends 
in influenza vaccine coverage are documented in several countries (Belgium and 
Italy) [13, 14].
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16.2.5	 �Pneumococcal Disease

While the incidence of (invasive) pneumococcal disease (IPD) is highest in chil-
dren, mortality of IPD is concentrated in older persons. With an overall mortality 
rate of 1/100,000, the IPD mortality in persons 85 years or older (11.56/100,000) is 
nearly 60 times higher than in children (0.2/100,000). Every decade after the age of 
50, the mortality rate of IPD doubles from 1.5/100,000 for the age group 50–64 to 
the mortality rate for persons 85 years or older mentioned above [15].

WHO does not prioritize adult pneumococcal vaccination [16]. Pneumococcal 
vaccination of older adults, although recommended in the majority of European coun-
tries and the USA, is not well established in most of these countries. The best PPV23 
uptake is documented in England with an uptake of 70% in persons 65 years or older 
and reaching just over 80% in persons 75 years or older [17]. Vaccination with PPV23, 
PCV 13, or both vaccines was only reported by 43%, 31.5%, and 18.3% of Medicare 
beneficiaries belonging to the target group for pneumococcal vaccination, respec-
tively, despite the Advisory Committee on Immunization Practices (ACIP, USA) rec-
ommendation to use both vaccines sequentially [18]. In Belgium, only 12.5% of 
persons 75 years of age reported being vaccinated with a decreasing trend over time 
and the Netherlands does not recommend pneumococcal vaccination in adults [14].

16.2.6	 �Herpes Zoster (HZ)

The incidence of herpes zoster increases with age and is four times higher in per-
sons 95  years and older (9.45/1000 person years) than in persons of 40  years 
(2.15/1000 person years. Mainly hospitalization-based diagnoses for HZ increase 
substantially with advancing age (with a factor 10 between 40 and 90 years (0.1 to 
1.1/1000 person years). Sixty percent of HZ diagnoses are made in women and 
depending upon the severity, immunosuppression can double HZ incidence rates 
[19]. Due to population ageing and extended life expectancy, a 100–300% increase 
of HZ cases is expected depending on the country’s demography. The incidence of 
postherpetic neuralgia, the most common complication of HZ infection, and its 
duration, also increases with age. Postherpetic neuralgia (PHN) has an impact on 
the quality of life in all health domains [20].

Vaccination against HZ and PHN is recommended since 2008 in the USA and in 
the UK since 2010. In the USA, 31% of persons 65 years or older were vaccinated 
against HZ in 2014 and in the UK 55% of persons 70 or 78 years of age were vac-
cinated in 2015, but the vaccination coverage was dropping compared to previous 
years [8]. Other countries (Germany, France, Belgium) also developed guidelines 
for vaccination against HZ but data on vaccine uptake are lacking.

All these data demonstrate the high burden of and suboptimal protection against 
VPD in the (older) adult population. In persons 65 years or over more than 5, 2 mil-
lion VPD (Influenza, Pneumococcal disease, Herpes Zoster, and Pertussis) cases 
occurred with an associated cost of more than 15 billion dollars in 2015 in the USA 
[21]. Even highly developed countries struggle to obtain a high vaccine uptake in 
older adults.
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16.3	 �The Impact of Frailty, Immunosenescence, 
and Comorbidity on Vaccine Effect

Immunosenescence is the decline in systemic immunity associated with ageing and 
involves both innate and adaptive immune responses. Oligoclonal accumulation of 
senescent T-lymphocytes stimulated by latent (herpes) viruses with less naïve 
T-lymphocytes to combat new infections is a key feature in immunosenescence of the 
adaptive immune system. Therefore older adults are more susceptible to VPD that 
tend to be more severe than in younger people. Immunosenescence also impairs the 
capacity to respond to a vaccine with lower vaccine effectiveness as a consequence. 
While the primary immune response is blunted in older persons, the recall or booster 
response seems to be intact [22]. The elderly population is extremely heterogeneous 
with a variety of underlying medical conditions, medications, nutritional, functional 
and cognitive status, previous infections, and environmental exposures. In this com-
plex phenotype, the isolation of the contribution of immunosenescence to VPD sus-
ceptibility and vaccine (in)effectiveness is difficult. In carefully selected healthy older 
persons, the immune responses to vaccines are comparable to younger adults. The 
correlation between the frailty syndrome, immunosenescence, and vaccine response/
effect needs clarification, as immune response and effectiveness studies comparing 
frail, prefail, and fit older persons give conflicting results [23, 24].

16.3.1	 �Pneumococcal Vaccines

In contrast to the 2013 Cochrane review concluding that in high-risk elderly and 
adults with underlying conditions the 23-valent pneumococcal polysaccharide vac-
cine (PPV23) does not offer protection against pneumococcal disease, recent meta-
analyses show that PPV23 protects against both invasive pneumococcal disease and 
pneumococcal pneumonia [25]. The 13-valent pneumococcal conjugate vaccine 
(PCV13) protects older adults with underlying conditions against IPD and pneumo-
coccal pneumonia caused by PCV13 serotypes with an age dependent decline (VE 
65% to VE 40% between 65 and 75 years) up to the age of 80 years [26]. PCV13 
induces a boostable immune-memory with comparable or higher secondary sero-
type-specific antibodies. Combining the effectiveness of PCV13 and broad cover-
age of PPV23 may offer older adults the best protection against pneumococcal 
disease (pneumococcal pneumonia and invasive disease).

16.3.2	 �Influenza Vaccine

Older persons are able to mount protective levels of antibodies against influenza 
virus. No difference in seroprotection was found between institutionalized persons 
60–85 years and persons >85 years in an analysis of immunogenicity data over 21 
seasons in Italy for 2 of the 3 strains (except B) in the trivalent inactivated influenza 
vaccine (TIV). Women, new antigens and enhanced (adjuvanted or intradermally 
(ID)) vaccines mounted a better response irrespective of age [27].
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Controversy on the protective effect of TIV in the elderly persists and is mainly 
caused by the lack of adequately powered RCTs in this population and the biases 
present in observational studies where different inclusion criteria, settings, and out-
comes are reported. However, recent studies show that TIV prevents lab confirmed 
influenza (VE: 42–54%), hospitalizations (VE: 40–47%), and mortality (VE: 16%, 
NNV: 65–74 years: 649, ≥75 years: 251) in older persons and that the level of pro-
tection is influenced by age, comorbid conditions, and influenza type (protection 
against H1N1 > B > H3N2) [28, 29].

16.3.3	 �Herpes Zoster Vaccine (VZV)

The live-attenuated VZV reduces the overall incidence of VZ (VE: 51.3%), PHN 
(VE: 66.5%), and the burden of illness (BOI) related to VZ (VE: 61.1%). These 
effects are age and time dependent. In higher age groups, the VE on HZ incidence 
is less (60–69 years: 64%, 70–79 years: 41%), and no significant VE was present in 
persons 80 years or older. This age dependent VE decline was not demonstrated for 
PHN and BOI but data on VE  ≥  80  years were not available in the Shingles 
Prevention Study (SPS). The VE also wanes over time. In long-term follow-up stud-
ies of the SPS (up to 11 years after vaccination), a decline in VE for HZ incidence 
(VE: 51.3% to 31.1% in year 8 of FU), BOI (VE: 61.1% to 33.3% in year 10 of FU), 
and PHN (VE: 66.5% to 35.4%) was noticed. Whether revaccination could be ben-
eficial needs further evaluation [30].

An inactivated adjuvanted subunit VZV in a 2 dose schedule demonstrated a VE 
of ±90% on the incidence of HZ and PHN even in persons ≥80 years. FDA/EMA 
approval for this vaccine has been obtained [31].

16.3.4	 �Tetanus, Diphtheria, and Pertussis (Tdap) Vaccine

The level of antibodies protective against tetanus, diphtheria, and pertussis wane 
over time. Booster vaccination is recommended every 10  years. Older persons 
≥65 years mount a good booster antibody response against tetanus (94.5% seropro-
tection), diphtheria (82.8% seroprotection), and pertussis antigens (±90% seropro-
tection depending on the antigen) [32].

There are no trials on the effectiveness of Tdap vaccination in older persons 
because high coverage rates have made clinical VPD rare (see section on epidemiol-
ogy of tetanus, diphtheria, and pertussis).

16.4	 �Strategies to Augment Protection of Older Persons 
Against VPD

Enhanced protection of older persons against VPD can be achieved by the use of 
more efficient vaccines, vaccination strategies, and vaccine implementation.
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16.4.1	 �Augmenting the Vaccine Effect

As immune-rejuvenation to combat immunosenescence is at this moment not pos-
sible, the use of more immunogenic vaccine formulations in older persons is a good 
choice to better protect older persons against VPD.

Vaccines that induce a higher immune response (and possibly better protection 
against VPD) are to be preferred in older persons. For this purpose, higher doses of 
antigens in vaccines (e.g., TIV), adjuvanted vaccines (e.g., MF59 adjuvanted TIV, 
adjuvanted VZV), specific vaccine formulations (e.g., virosomal vs. split virus inac-
tivated TIV, pneumococcal conjugate vs. polysaccharide vaccine, live-attenuated vs. 
conjugated HZV), and applications (e.g., intradermal vs. sc TIV) induce higher pro-
tective antibody levels.

Vaccines must protect against circulating epidemic strains and adaptation of vac-
cine formulations is often necessary. Yearly adaptation of influenza vaccines with 
broader coverage (e.g., QIV (H1N1, H3N2, B Yamagata, and B Victoria) vs. TIV 
(without B Victoria) will have higher protective potential depending on the circulat-
ing strains of influenza. A mismatch can lead to higher influenza related disease 
burden and mortality. Including more (prevalent) pneumococcal serotypes in pneu-
mococcal vaccines will broaden the protection against pneumococcal disease (PCV 
7—PCV 13—PPV 23).

Boosting immune-memory after priming vaccination can maintain antibodies 
and protection against VPD. Repeat vaccination is necessary to protect against teta-
nus, diphtheria, pertussis, and influenza. Using the pneumococcal polysaccharide or 
conjugate vaccine after priming with the pneumococcal conjugate vaccine induces 
a booster response. Whether repeat vaccination over time with pneumococcal and 
HZ vaccines is beneficial is not clearly established [33].

16.4.2	 �Vaccination Strategies

Age-based vaccination (childhood vaccination program, vaccination of persons 
60–65  years or older), occupational vaccination (HCW, occupational exposition 
(e.g., poultry farmers)), and risk-based vaccination (for chronic diseases and/or 
immunocompromising conditions) are strategies that aim at protecting susceptible 
persons directly against VPD.

While the strategies mentioned above augment direct protection, an indirect pro-
tection of older persons against VPD can be obtained by vaccinating the population 
serving as an important reservoir and/or vector for VPD. Persons lacking protection 
against VPD have a lower chance contracting a VPD when most of the population 
susceptible to the VPD is vaccinated (herd protection). Vaccinating children (and 
adults) against influenza protects the older population against influenza and influ-
enza-related hospitalization and mortality. This resulted in the recommendation to 
vaccinate all citizens in the USA against influenza [34]. Vaccination of children 
against pneumococcal disease resulted in a significant decline of the incidence and 
mortality caused by invasive pneumococcal disease in the USA in the older 
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population as well (Fig. 16.1, [15]). Vaccination against pertussis should be main-
tained throughout life (cocoon vaccination) not only for direct protection, but also 
to reduce transmission to the very young and very old.

Caregivers and HCWs in contact with older persons can protect themselves 
against VPD (hepatitis A and B, influenza, tetanus, diphtheria, and pertussis). 
Additionally transmission of VPD from themselves towards susceptible persons is 
prevented.

Taking all these considerations together vaccination should be considered as 
a tool to prevent VPD throughout life and not only for certain age- or risk-
groups. A lifelong vaccination program incorporating direct (priming and boost-
ing vaccination) and indirect (herd) protection against VPD in a lifelong 
vaccination program is the best strategy to obtain (VPD free) healthy ageing. As 
an example, the scheme of Italian lifelong vaccination program is shown in 
Fig. 16.2 [35].

16.4.3	 �Vaccine Implementation

Despite the high burden of VPD in (older) adults and the availability of effective 
vaccines, the vaccine uptake in this population is often very low in many countries 
(cf. VPD epidemiology section of this article).
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There are three parties involved in the implementation of vaccination: the vac-
cine recipient, the vaccine provider, and the healthcare system.

Active recommendation to be vaccinated by the primary healthcare profes-
sional is the most important factor that enhances vaccine uptake in the recipi-
ent besides awareness of personal disease risk for VPD, safety of vaccination, 
accessibility, and cost of vaccination. Household, family members and direc-
tives from healthcare institutions recommending vaccination support individual 
vaccination.

The knowledge of VPD and vaccine effects and positive (pay per performance) 
and/or negative (penalty/control via a vaccination threshold) incentives to vaccinate 
are the factors driving the vaccine providers willingness to vaccinate.

The healthcare system can, at different levels, do VPD surveillance, issue vacci-
nation guidelines, raise awareness and knowledge of VPD and vaccination in recipi-
ents and providers, reimburse vaccine costs for recipients, and give incentives to 
providers.

There is a complex interplay between these three stakeholders and a multicom-
ponent coordinated intervention framework is needed to have an impact on vaccine 
uptake (Fig. 16.3, [36]).
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�Conclusion
A lifelong vaccination strategy that directly (vaccination and boosting) and indi-
rectly (herd protection) protects against VPD by installing and maintaining spe-
cific immunity during a life course is the best option to optimally protect older 
adults. A multicomponent intervention that involves vaccinees, providers, and 
the healthcare system should be adopted by all countries to lower the burden of 
VPD and its associated costs.
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17How Healthy Ageing Can Foster  
Age-Friendly Environment?

Suzanne Garon and Mario Paris

Key Messages

•	 Healthy ageing is an important framework that is conceived to help governmen-
tal bodies to address the long-term challenges of their ageing population.

•	 The built and social environments shall be taken into account to enhance the 
functional abilities of the new generation of seniors in all countries.

•	 Taking part in the age-friendly cities and communities world network could 
enhance government bodies to develop and implement new and low-cost strate-
gies to face the challenges associated to their ageing population.

17.1	 �A Brief Historic Return of a Successful Concept

Active and healthy ageing are two distinct frameworks which require clarification 
due to their polysemy and because they are sometimes used interchangeably. Their 
meaning has gone through an evolution over the years which now make them more 
distinguishable. The following clarifications are based on the work of Moulaert, 
Boudiny and Paris [1]. Active ageing appeared in the 1990s as a junction of interna-
tional organisations and social gerontologist concerns. Three general types of active 
ageing promote an ongoing participation of older adults in society and therefore, a 
divergence from a more traditional model of encouraging the withdrawal from soci-
ety. The first type is a unidimensional approach (mainly participation in the labour 
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market or physical activity). The second type is a multidimensional approach (vari-
ous areas of participation in a perspective of the continuation of activities previously 
done as an adult). Finally, the third type transcends the behavioural level to include 
health and economic conditions. Healthy ageing relies on three main principals: it 
is a global approach (a lifelong process of optimising, improving and preserving) 
with multiple dimensions (health, physical, social and mental wellness, indepen-
dence, qualify of life and successful life-transition), it is based on social interactions 
(including in the workplace but also through volunteer activities, social activities, 
etc.), and it is both linked to the process of ageing as well as to old age. Both active 
ageing and healthy ageing have some limitations, such as the absence of recognising 
that ageing can be marked by decline, the individualisation of responsibility (which 
can lead to victim blaming for those who seem to be succeeding based on obscure 
or elitist social criteria), and a confusion of terms. “By considering health as a deter-
minant of active ageing rather than a constituent – i.e. by conceiving health as a 
means to active aging, not the end- the common criticism to the active aging dis-
course…” (p. 290) has no consideration for the older adults incapable of reaching 
the goal due to physical, mental or social limitations [1].

17.2	 �Healthy Ageing, The 2015 Version

The WHO reintroduced the concept of healthy ageing in the 2015 World Report on 
Ageing and Health (WRAH) [2]. The objective was to promote a shift from active 
ageing, which had been used since 2002, to healthy ageing. The significance of the 
newer concept is the emphasis placed on a broader sense of health.

Nevertheless, many researchers in the field of the Age-Friendly Cities and 
Communities were extremely concerned about the effects of this new policy. Their 
apprehension was that healthy ageing may reduce ageing to merely a medical prob-
lem. Too often, ageing in our societies is considered only through the lens of a nar-
row medical perspective and in so doing, leads to two major limitations. Firstly, 
ageing is interpreted by the degrees of deterioration of health where there is little 
response besides providing medication as if treating a chronic disease. If it is urgent 
that every country should have specific care for this growing ageing population, it is 
equally as important that the social stigma on ageing be addressed as well. Otherwise, 
this medical trend provides a prejudicial portrait of the ageing population, where 
older adults are represented as a social burden and thereby increasing the effects of 
ageism. The second flaw is the individualisation of the responsibility of ageing. 
Ageing is a biological process that takes place in social contexts, more specifically 
in built and social environments. There is a fundamental link between the ageing 
process of any specific person and the society in which that person lives. As we saw 
in the work of Moulaert et al., the individualisation of the responsibility of ageing 
fuels social injustice. As Holstein and Minkler already noticed, “to make sure that 
we do not further marginalise the already marginalised, both individual and contex-
tual factors need to be taken into account…” (p.  289) [1, 3]. In the WRHA, 
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emphasis is placed on the importance of taking into account environments. 
Specifically, in relation to the “trajectory” and the concepts of functional ability, we 
will see further on.

The WRHA provides the opportunity for the WHO to enhance their relationships 
with the different health ministries around the world in order to increase interest on 
the subject of ageing. To put the focus on health corresponds also to the goal of 
shaping a worldwide agenda to address the reality of ageing and to offer a path to 
find solutions and innovation in providing services and care. Presented as a public-
health framework, this document supports four priorities or areas where action has 
to be achieved:

	1.	 Aligning health systems with the older populations they now serve.
	2.	 Developing systems of long-term care.
	3.	 Creating age-friendly environments.
	4.	 Improving measurement, monitoring and understanding.

As previously stated, the main shift towards healthy ageing in 2015 was specifi-
cally to address the issue of ageing with health and medical departments or organ-
isations around the world. As a result, three of the four priorities are closely linked 
to these departments and organisations. Moreover, the two first goals focus on medi-
cal care and services in order to foster a geriatric culture in societies which haven’t 
recognised the importance of the challenges of ageing. Taking into account the 
growing numbers of the ageing population in the immediate future, it can be pre-
sumed that this is more than a laudable intention for the WHO.

In contrast, it also delivers a conceptual framework that could emphasise the 
importance of the environments in the process of ageing which, according to the 
new definition of healthy ageing, is based on two main concepts: intrinsic capacity 
and functional ability. Intrinsic capacity is the “combination of individuals and their 
environments, and the interaction between them” (p. 13) [2]. Functional ability is 
the central concept of this policy, which states that “Healthy Ageing as the process 
of developing and maintaining the functional ability that enables well-being in older 
age” (p. 13) [2].

There are many similarities between the concept of functional ability and that of 
capability developed by Amartya Sen, the Nobel Prize winner in Economic Sciences 
in 1998 [4]. This approach is widely accepted in the field of development, even if it 
is known for its complexity. Roughly, it states that an individual’s capabilities are a 
reflection of the scope of social opportunities or the social context to which they are 
exposed. The intersection of personal capacities and social opportunities can 
become capabilities (under certain circumstances). Furthermore, the third objective 
of the WRAH, “creating age-friendly environments”, corresponds exactly to the 
purpose of proposing different opportunities, by creating a narrative beyond ageism. 
This social conversation on ageing enhances the adaptation of our built environ-
ments that help older adults to live at home longer and within their communities, for 
as long as they wish or without a social prescription.
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17.3	 �Creating Age-Friendly Cities and Communities (AFCC)

In the following section, we will present the WHO Age-Friendly approach. Firstly, 
the AFCC approach is a significant achievement of the active ageing framework that 
was ongoing at the WHO until 2015 [5]. Therefore, it specified that an age-friendly 
city “… encourages Active Ageing by optimising the health, the participation and 
the safety of older citizens, in order to improve their quality of life. Concretely, an 
Age-Friendly City adapts its structures and services so that older persons with 
diverse capacities and needs can have access to them and take their place within 
them” (p. 1) [6]. Within the last ten years, there have appeared a multitude of initia-
tives related to Age-Friendly Cities around the world [7].

The WHO Global Network of Age-Friendly Cities and Communities, established 
in 2010, now has over 541 members as well as 13 affiliated programmes, in 37 
countries, reaching more than 179 million people around the world [8].

Most of these initiatives use a similar model consisting of eight categories where 
actions can take place which are regularly separated into either built or social envi-
ronments [9]. The first three categories are outdoor spaces and buildings, transporta-
tion and housing. These make up the main core of the built or physical environment. 
For AFC counsellors this refers to infrastructure, whereas for Public Health Agencies 
in Canada and Québec, it represents significant social determinants of health. The 
remaining five categories are: social environment, social participation, respect and 
inclusion, civic engagement and employment; the last two (communication and 
information, as well as community support and health services) represent both the 
social environment and health and social services.

If these categories make sense in the social determinants framework, inherited 
from the Ottawa Charter, it is difficult to apply them in the daily context of a research 
[10]. Many countries had to adapt this classification to their realities [7]. However, 
it gives a broad overview of the areas to tackle in order to ensure that cities and com-
munities are more age-friendly.

The WRAH is now using the International classification of functioning, disability 
and health to upgrade the abilities of a person: “meet basic needs, learn, grow and 
make decisions, be mobile, build and maintain relationships, to contribute” (p. 19) 
[2]. If there is no contradiction between this classification and the social determi-
nants framework, then the latter adopts the perspective of the person. For instance, 
the ability to be mobile is largely conditional to the neighbourhood facilities.

17.4	 �Defining Age-Friendly Cities or Communities:  
Québec’s Example

Following in the footsteps of the WHO, the Québec government, in Canada, adopted 
a provincial plan for municipalities to implement the AFCC programme.1 From its 
inception in 2008, the government, through the Seniors’ Secretariat, which was not 

1 In Québec, this programme is referred to as « Age-Friendly Municipalities » or MADA.
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under the jurisdiction of a ministry of health, mandated our research team to lay the 
foundation of the programme and support seven AFCC projects by ensuring their 
scientific guidance and support in evaluating the implementation of the proposed 
projects [11]. Reinforced by the benefits and the knowledge acquired from this 
research, the programme currently reaches more than 860 municipalities and 
touches 90% of the Québec population, making it probably one of the most signifi-
cant AFCC networks in the world.

The AFCC programme consists of three stages carried out over a five-year period 
and implemented by a steering committee. The role of this committee consists of 
encouraging commitment and facilitating the realisation of each of the three stages 
of the AFCC programme, as well as prompting action, circulating information and 
favouring the mobilisation of actors and decision-makers of the milieu. Unlike an 
advisory committee, the steering committee plays a much greater role of contribu-
tion and collaboration [12]. As well, the sharing of resources (financial, material, 
human and informational) from different sectors in the milieu often promotes the 
achievement of common objectives which are more consistent and sustainable. 
Concretely, the steering committee is a group made up of members of civil society, 
community workers and leaders of all ages including older adults, originating from 
various sectors (municipal, public, private, community organisations, etc.).

Based on logic programme approach, the logical sequence of the programme 
unfolds in three large phases [13]. The first stage of the AFCC programme is the 
social diagnosis of the milieu, in which the municipality does an inventory of its 
milieu and attempts to generate shared solutions from the actors engaged in the 
programme. It includes three data-gathering exercises: a statistical portrait of the 
milieu, an inventory of the services available in the community and discussion 
groups with older adults to identify their needs. The second stage consists of the 
elaboration of an AFCC policy and action plan corresponding to the gaps and the 
needs identified during the social diagnosis stage. The action plan is inspired by an 
approach oriented by a logical framework, as well as on the principles of results-
oriented management [14]. It is the members of the steering committee who develop 
the action plan: its objectives, its inputs, its resources, its activities, its outputs, the 
persons accountable for it, etc. The final stage, which does not directly benefit from 
financial support from the AFCC programme, is spread over a period of up to three 
years. The municipality implements the AFCC action plan, carrying out the projects 
contained in it. The implementation must produce the results anticipated by the 
action plan and contribute to attaining the objectives set by the steering committee. 
A financial assistance programme for small infrastructure is open only to munici-
palities involved in the programme.

17.5	 �Some Results of the Research

In the first years of the implementation of the programme, the research team con-
ducted cases studies among seven pilot-projects over the course of 5  years. It 
appeared clearly that one of the keys to success for becoming an Age-Friendly City 
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would be that the different actors should work differently, develop new partnerships, 
and sometimes the change would entail new governance [15]. For instance, in 
Québec, health and social services are under the jurisdiction of the provincial minis-
try of health. Meanwhile the municipal government level is completely separate 
without any link to the health and social services sector. The experience of the steer-
ing committee was often their introduction to working together. We have seen new 
collaborations blossom to provide better services for older adults. The boldest one is 
certainly a city project to finance a medical cooperation, which is still in place today.

Moreover, in 2015, a questionnaire was sent by email to 759 municipalities, the 
total number of participating municipalities between the months of June and 
September, 2015. They were asked to fill out the electronic version online through 
the LimeSurvey Internet site (https://www.limesurvey.org/). To ensure the validity 
and the reliability of the responses, we requested that the questionnaire be com-
pleted by one person only, namely the person most closely tied to the AFCC process 
(e.g. the municipal administrator responsible for the AFCC process, an elected 
municipal official, a project coordinator). Of the 759 municipalities and Regional 
County Municipalities (RCMs) solicited, 362 replied to the questionnaire which 
equates to a response rate of 47.7%. The responding municipalities represent 
4,134,531 inhabitants or 49.7% of the Québec population. (A long version of the 
survey’s results is under evaluation for publication.) This undertaking allowed us to 
obtain much information about the process of the programme: the number of cities 
which had completed the different steps of the programme (social diagnosis, action 
plan and implementation), according to size and to the type of programme (e.g. 
Age-Friendly Cities Programme, or integration with municipal family policy), as 
well as the level of governance (municipality or RCM). Useful information coming 
from the survey included: the composition of steering committees, the action fields 
considered during different stages, the projects they were proud of, etc. We could 
confirm that (on a large scale) the process allowed municipalities to create new 
ways of working within their municipal structure. In fact, our data show that 67% of 
municipalities said they «strongly agree» or «agree» with the fact that the Age-
Friendly Cities Programme had allowed them to establish new ways of doing things 
with the municipal apparatus. With regard to new ways of doing things with their 
partners, the response rate was 68%.

As we have just seen, the Age-Friendly Cities and Communities model gives 
interesting results. It encourages a dialogue on ageing between all the different 
actors who play a role in making environments friendly to older adults. While we 
need to work on a way to measure progress, the eight active ageing categories make 
sense for municipalities. It would be unfortunate to abandon them for other refer-
ents, some of which may be challenging to individuals, such as the International 
classification of functioning, disability and health. As we often say: why fix what 
isn’t broken?

S. Garon and M. Paris
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18Healthy Ageing and Health Equity: 
Broader Determinants of Health 
with a Spotlight on Climate Change
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Key Messages

•	 Population ageing and climate change are two major drivers of the twenty-first 
century global context––and warrant experts, civil society and scientific institu-
tions to deliberate and develop plans to optimize healthy ageing and health 
equity. This will require frameworks that consider common and distinct chal-
lenges and entry points for action.

•	 An appropriate model of healthy ageing therefore requires multi-level determi-
nants and pathways, that can explain the level and distribution of outcomes. We 
use a social determinants of health model that incorporates biologic approaches; 
psychosocial approaches; social production of disease distribution; and an 
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ecological-social framework, and describe three levels of determinants: (1) the 
physical-socio-economic-political or overall context; (2) genetic inheritance and 
socioeconomic position; and (3) intermediary determinants including the built 
environment.

•	 Climate change is an environmental determinant that can cause unequal health 
impacts. Older adults can be more vulnerable to the effects of extreme weather 
events and natural disasters, which can have immediate impacts on mortality and 
secondary impacts on communicable and noncommunicable diseases.

•	 Yet there are opportunities to leverage the political momentum of climate change 
to promote healthy ageing and health equity. Actions that dismantle discrimina-
tion, reduce the risk of exposure to and sustained impact from climate change 
events, improve the adaptive capacity of older adults, and level up socioeco-
nomic conditions, will likely uplift the trajectory of healthy ageing for all people, 
not just improve conditions for the best-off or the statistical average of all 
people.

18.1	 �Introduction

The World Report on Ageing and Health defines Healthy Ageing as the process of 
developing and maintaining the functional ability that enables well-being in older 
age [1]. Functional ability is “all the health-related attributes that enable people to 
be and to do what they have reason to value”, and is in turn determined by: (1) an 
individual’s intrinsic capacity (i.e. the composite of all the physical and mental 
capacities of an individual, “within the skin”), (2) the environment (i.e. all the fac-
tors in the extrinsic world that form the context of an individual’s life) and (3) the 
interactions between the two. Developing a model of healthy ageing requires a per-
son-centred, dynamic approach, recognizing multilevel determinants and pathways. 
It should also help explain individual, group, and overall differences, whether within 
countries or across countries.

Our review of existing evidence on broader determinants of health that are rele-
vant to healthy ageing, points out that much more of the differences in how older 
adults experience health and illness, not only disease and death, is due to the extent 
to which an individual, household or group has lived in a society where investments 
in a safe and healthful environment enable all people over their lives irrespective of 
their gender, social or economic position, to engage in healthy lifestyles, to enable 
positive psychosocial interactions, and get effective health and social services based 
on need and right, rather than pocket book or charity [2]. We agree that when differ-
ences exist that can be avoided and are considered unfair, these differences should 
be labelled as health inequities [3, 4]. Health equity implies that ideally everyone 
should have a fair opportunity to attain their full health potential and that no one 
should be disadvantaged from achieving this potential.

This chapter primarily discusses social determinants of health model that connects 
healthy ageing and health equity (drawing on [5]). It also recognizes a nexus of rela-
tionships between climate change and social determinants [6], climate change and 
health inequities [7] and climate change and population ageing [8].
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18.2	 �Towards a Framework for Healthy Ageing and Health 
Equity

We draw on previous models of ageing [9, 10] and classifications of functioning 
[11] promoted by WHO and those that have focused on understanding the historical 
production of inequalities and of health inequities in particular [12–15]. There are 
several theories reflecting the following four approaches that can be sensibly 
brought together and inform determinants of healthy ageing: (1) biologic approaches; 
(2) psychosocial approaches; (3) social production of disease distribution; and (4) 
eco-social and other multilevel, multi-domain frameworks.

We use the framework developed for the WHO Commission on Social 
Determinants of Health as a starting point [16]. We also incorporate more recent 
analyses of this Commission’s framework that refine it to describe and explain the 
health of older adults and the experience of healthy ageing [17–19] as reported in 
[5]. Recent efforts further extend this across the life course [20, 21] and reiterate the 
need to go beyond biomedical determinants of the conditions and multiple morbidi-
ties older adults experience [22].

Overall, the main pathways and mechanisms through which biologic, social, and 
environmental factors affect older adults’ health are enlightened by several perspec-
tives: (1) biomedical causation (privileging genetic endowment, body functions and 
medical care); (2) social causation (where social position determines levels of health 
and its distribution through intermediary factors); (3) life course perspectives (recog-
nizing the importance of time and timing in understanding causal links between 
exposures and outcomes within an individual’s life course, across generations, and in 
population-level trends in health and survival); and (4) natural environment (includes 
climate, weather and natural resources such as air, water, soil) as a determinant of 
human health that recognizes the interaction of all living species and impact on other 
social determinants of health (includes energy, transport, food, shelter). These 
approaches are not mutually exclusive, each has merits. Yet alone, none are sufficient 
to describe the pathways to healthy ageing and respond to the following questions:

	1.	 For older adults, where do health differences across countries and within coun-
tries originate, if we trace them back to their deepest roots?

	2.	 What pathways lead from root causes to these stark differences in physical and 
cognitive functioning and longevity observed at the population level?

	3.	 Where and how should we intervene to reduce health inequities and improve 
healthy ageing?

It is well documented that genetic, environmental and social influences are 
important determinants of longevity, health and overall well-being. Hypothesized 
pathways incorporating risk accumulation, plasticity and resilience models [23] can 
cut across fundamental, structural, intermediary and proximate determinants, or 
directly link fundamental environmental factors and cellular impacts [24]. Wallace 
[18] reviewed evidence on how social determinants affect the health of older adults, 
and points out the social determinants of health impact ageing and the life course by 
at least four pathways:
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–– socioeconomic influences during the prenatal period and early childhood, based 
on critical periods and events that have direct or indirect latent impacts,

–– cumulative health impact of social, economic disadvantage, or privilege,
–– sorting people into different life course trajectories, that shape opportunities and 

chances as they age,
–– recognizing intergenerational transmission of health inequities that alter healthy 

ageing trajectories from birth.

Concerning opportunities to intervene, previous models and frameworks for pro-
moting ageing and health have paid insufficient attention to: political variables; differ-
ential impacts and consequences of social and biologic stratification; consideration of 
sources of resilience or strengths (not only vulnerabilities) that could accumulate over 
time; and that health and social systems are also intermediary determinants. Some 
existing models, in particular their policy use, have narrowly summarized ageing as a 
function of cellular age or declining economic productivity and consumerism, and have 
concepts and measures limited to static, deficit indicators (e.g. disability, dependency) 
or noting costs (healthcare expenditures) without the returns on investments.

We conducted a detailed review of all evidence synthesized by the WHO 
Commission on Social Determinants of Health, including its nine global knowledge 
networks, from an ageing and health perspective. Even if the Commission did not 
focus explicitly on ageing and health, life course and cumulative effects of experi-
ences are mentioned throughout. This review also underlined what to highlight in a 
preliminary model for healthy ageing from an equity and social determinants of 
health perspective and identify potential policy entry points.

18.2.1	 �Spotlight on Climate Change

Kjellstrom and McMichael [25] note that any heat, cold, or weather-related reduc-
tion of capacity to carry out daily activities that a person values, should be consid-
ered a “health effect” and that a variety of direct, indirect, and systemically mediated 
health effects have been identified, along with additional, future impacts expected 
given projected climate change. By doing so, they offer a clear connection between 
climate change and healthy ageing. Although a detailed review of climate change 
health impacts is beyond the scope of this chapter, in general, warmer temperatures 
can increase the poleward shift of mosquito-borne diseases (e.g. malaria, dengue, 
Chikungunya, West Nile) [26] and other vector-borne diseases, such as schistoso-
miasis and Lyme disease, that can differentially affect specific stages of the life 
course (e.g. children, pregnant women, older adults), and in different locations (e.g. 
small island developing states and other coastal regions, megacities, and mountain-
ous and polar regions) [27]. Older adults can be more vulnerable to the effects of 
extreme weather events and natural disasters, such as flooding, droughts, and wild-
fires, which can have immediate impacts not only on mortality, but also secondary 
impacts on communicable and non-communicable disease through increased prone-
ness or exacerbations of existing conditions, for example older adults are at a higher 
risk of contracting gastrointestinal illnesses from contaminated water [28–32].
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Moreover, highly publicized events, such as exceptional heat waves, have 
increased the risk of death in older populations and have raised the importance of 
the interaction with other social determinants that exacerbated the risk of death. 
These include social isolation, and the relative disadvantage of some urban and rural 
populations who have reduced access to transport, nearby friends, and air-condi-
tioning units [33, 34]. Additional impacts from climate-related adverse events for 
older adults can include increased probability of disconnect from health and social 
care supports, inability to adapt as needed during emergencies, and inability to cope 
following climate-related events [29, 31].

Kjellstrom and McMichael [25] also note that if actions taken to prevent adverse 
effects of extreme weather conditions inadvertently impair health or well-being, that 
too should be considered a climate-related “health impact”. Thus, understanding the 
differential impacts that climate change may have on healthy ageing, both intrinsic 
capacities and functional ability, is part of documenting the accumulation of strengths/
resilience or deficits/vulnerabilities across the life course. Yet conversations on healthy 
ageing do not yet systematically highlight the potential health impacts from climate 
change on ageing trajectories, nor ways to support integrated risk management, pro-
motion, and adaptation, from a person-centred, equity-enhancing perspective.

But a growing body of literature recognizes the projected impact of climate 
change on older adults, showcasing their intersection and a particular vulnerability 
and sensitivity [29–32]. This is both due to demographic and physiological factors 
often related to ageing processes, and due to factors affecting the degree of exposure 
to climate stressors, the lived environment and the adaptive capacity of older adults 
in the face of climate-caused events and circumstances [29, 30, 35]. For example, 
recent natural disasters due to climate change demonstrated bigger immediate and 
long-term impacts for older adults than other population groups [31, 36], calling for 
systematic planning rather than expensive ad hoc, crisis management [37].

18.2.2	 �Model Components and Policy Entry Points

Figure 18.1 presents a preliminary model with four key components: (1) the physi-
cal-socio-economic-political or overall context; (2) genetic inheritance and socio-
economic position; (3) intermediary determinants and (4) the outcome of interest, 
healthy ageing, including its levels and distributions that take stock of length of life 
and the experience of healthy ageing.

The healthy ageing framework outlined here starts with the importance attributed 
to the physical-socio-economic-political context. As Solar and Irwin [16] describe, 
this is a deliberately broad term that refers to the spectrum of factors in society that 
cannot be directly measured at the individual level, yet shapes health across the life 
course and diversity observed across individuals, groups and populations. “Context 
therefore encompasses a broad set of structural, cultural, natural and functional 
aspects of a social system whose impact on individuals tends to elude quantifica-
tion, but which exert a powerful formative influence on patterns of social stratifica-
tion” and thus on people’s health opportunities over the life course. These are also 
referred to as the “causes of the causes”.
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Almost all of these underlying determinants are amenable to policy change, even though 
measurable improvements require sustained, coordinated actions. Yet in the context of pre-
dictable population ageing, these are very relevant targets for policy actions given the 
expected returns on investments, and area fundamental if transformational change is to be 
realized. These policy changes become even more relevant for climate change, which 
require long-term and short-term actions on multiple policy fronts, to developing concrete 
strategies to mitigate negative impacts of climate-induced events on older adults [29].

The second block comprises two components influenced by the overall context, 
that together assign individuals to different positions in society: genetic inheritance 
and social position. The first, genetic inheritance, is often referred to as “nature”: 

Adapted from:  WHO 2008, Solar and Irwin 2010. Expanded version compared to Sadana et al. 2016
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Fig. 18.1  Framework for healthy ageing—levels and distribution. Adapted from WHO [2] and 
Solar and Irwin [16]. Expanded version compared to Sadana et al. [5]
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yet it can reflect biologic intergenerational influences, meaning that genes can be 
influenced by the environment of our parents, and that the genes individuals inherit 
can be altered by subsequent environmental exposures and behaviours, both during 
gestation and once born, over the life course. The second, a significant part of “nur-
ture”, is social position, including the social construction of age. Within each soci-
ety, the degree to which material and other resources, prestige and power are 
unequally distributed reflects social stratification. The resulting difference in peo-
ple’s lives can be portrayed as a system of social hierarchy and provides insight on 
how different groups experience healthy ageing and longevity.

Actions that dismantle discrimination, and level up socioeconomic conditions, will likely 
uplift the trajectory of healthy ageing for all people. Such actions can theoretically reduce 
the risk of exposure to and sustained impact from climate change events affecting the health 
of older adults [29].

The third block shapes the healthy ageing process through intermediary determi-
nants. These include individual level differences in strengths, exposures and vulner-
abilities, that reflect social stratification and its interface with genetic inheritance, as 
well as health-promoting and health-damaging processes and conditions. Reflecting 
our review of the WHO Commission’s evidence, Fig. 18.1 lists key intermediary 
elements that play an important part in explaining healthy ageing as these link 
underlying determinants and individual experiences.

As Solar and Irwin [16] describe, these in turn lead to differential consequences 
of health for more and less advantaged individuals and groups. This bundle of inter-
mediary factors enable or not, the “conversion of resources and primary goods” 
towards achieving functioning in peoples’ lives, and more generally, the ability to 
achieve what people have reasons to value ([15]: p 33). The intermediary health 
outcomes are physical, cognitive and other intrinsic capacities, that are person-cen-
tred, rather than disease specific.

In each of the above listed elements, policies at different levels (household, communities, 
regional, national or global) can improve these determinants and their contribution to real-
izing healthy ageing. A vast literature exists in this area: the novelty is to place these ele-
ments as intermediary determinants, that (a) acknowledges the root causes of the level and 
distribution of strengths, exposures and vulnerabilities (e.g. that these do not simply reflect 
individual choice) and (b) considers what are the acute and longer-term opportunities to 
sustain and increase functional ability through population, community and clinical strate-
gies. For example, relevant to older adults, actions that identify pre-frail and frail individu-
als, and then support increased physical activity and appropriate nutritional supplements, 
can potentially reverse frailty and restore physical and cognitive capacities [38].

Similarly, to reduce or mitigate health impacts from climate change, tools, information and 
education can be utilized to improve the adaptive capacity of older adults. Adaptation 
strategies need to address the underlying burden of disease, the interaction within a spe-
cific context, and existing inequities. These should address thermal stress, air quality, 
urban and rural vectors, enteric pathogens, and other health impacts, such as increasing 
costs of fresh foods, that will more likely affect vulnerable and marginal populations, 
socioeconomically disadvantaged groups, and those with underlying chronic disease, 
including older adults [39, 40].

18  Healthy Ageing and Health Equity: Broader Determinants of Health



176

Two sectors or systems are particularly important for improving healthy ageing 
from an equity perspective. These are also considered as intermediary social determi-
nants: health and social care systems, and the physical or built environment. Each has 
multiple opportunities to improve healthy ageing, including: (1) crafting policies 
within each area that promote healthy ageing across the life course, that mediate 
structural and other intermediary determinants; (2) providing leadership and partner-
ship to other sectors; and (3) as pointed out by the WHO Commission on Social 
Determinants of Health, mediating the differential consequences of illness in peo-
ple’s lives, where they “live, work, learn and play”. This means, for example, to 
contribute to minimizing the burden of negative consequences that widen the gap 
between individuals and social groups (e.g. such as regressive financing mechanisms 
where the poor subsidize the rich; expecting poor families to take care of older family 
members without support or respite; or in practice serve to exclude the poor from 
access to needed services). It also means empowering families, care givers and local 
communities to support older adults where they live, as this is where most older per-
sons want to experience healthy ageing. Context-specific strategies should be devel-
oped and discussed with older adults and other stakeholders, to identify and overcome 
barriers to better adapt to projected climate change [41]. These include adapting and 
strengthening building codes and urban design, and overall infrastructure capacity.

The final block represents the core outcomes of the healthy ageing process, lon-
gevity and optimizing functional ability (intrinsic capacity and interaction with the 
overall environment). Although preliminary, this framework could be further devel-
oped and provide multiple opportunities to better document pathways and policy 
entry points towards healthy ageing and health equity. Approaches to translate 
promising entry points to proposals for action are briefly raised in the next section.

18.3	 �What Could Be Done to Reduce Differences that Are 
Avoidable, Remediable and Unfair

Building on policy entry points, strategies must not just improve conditions for the 
best-off or the statistical average of all older persons, but to “level up” the inequalities 
across the whole social gradient, and to narrow total inequalities observed between 
individuals. Effective solutions sometimes have to be different approaches for differ-
ent socioeconomic and demographic groups, otherwise actions could inadvertently 
increase social stigma, widen inequities and further erode solidarity [42, 43]. Good 
governance and coordination mechanisms that engage all government and non-gov-
ernmental sectors, including enabling civil society organizations and older adults 
themselves to contribute, can support social cohesion, respect decisions reflecting fair 
processes, catalyse broad based support, and increase accountability [44].

Action to improve healthy ageing and reduce health inequities therefore include 
(1) action within the health sector or health system including social care and (2) 
action on the broader social determinants of health—for the latter, these are actions 
that often lay outside of the health sector or health system. Even if the dividing line 
between (1) and (2) can vary in each country depending on the boundary of the 
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health sector and health and social systems, multisectoral and intersectoral 
approaches are essential towards improving health equity. The health sector must 
take a lead, catalytic role in many areas, and also accept to align and contribute to 
the goals and actions led by other sectors. For the health system this is crucial, as 
health programmes generally do not implement interventions that address structural 
or broader determinants or root causes of inequities.

The impact of climate change and the need for clear action at local level, cities 
and communities is particularly needed. Urban areas are vulnerable to the health 
impacts of climate change because of their concentration of people and infrastruc-
ture; the physical (geographical, material and structural) attributes of the built envi-
ronment; and the ecological interdependence with the urban ecosystem [39, 40]. 
Whereas older adults living in rural areas have long faced significant challenges, 
with their circumstances shaped by occupations, environments and remoteness [8]. 
To what extent measures aimed at mitigating climate change serve to reduce or 
exacerbate health inequities, and to what extent these are complementary or are 
sources of tension, also need further consideration. For example, reducing carbon 
emissions, through price mechanisms, could potentially increase income inequality 
and worsen health inequities [7].

In general, there is evidence that health systems which successfully strive for 
health equity tend to share several broad features [45–47]. There is also growing 
evidence for strategies health systems can put in place to support healthy ageing 
from an equity perspective [48–56]. These include:

–– Catalytic leadership, processes and mechanisms that encourage intersectoral 
action across public and private sectors to promote healthy ageing and that coop-
erate to meet the expectations of these other sectors.

–– Data collection at least by age and sex throughout the life course, and also by 
key social characteristics such as income, race, ethnicity, geographic location, 
among others, that enables the identification of socially patterned differences 
important for older adults, with total inequalities and social gradients 
monitored.

–– Strong health system functions, including oversight and governance: Policies, 
regulations and incentives in place to ensure that older adults have access to ser-
vices where ever they live, they age, or social or economic circumstances, with-
out discrimination.

–– Progressive realization of universal (not voluntary) health coverage, including 
particular benefits to children and older adults, socially disadvantaged and mar-
ginalized groups, and others who are often not adequately covered.

–– Comprehensive approach to understand the broader determinants of healthy 
ageing, and the differential exposures and vulnerabilities that individuals and 
groups may be exposed; and how these approaches can be integrated within care 
for complex multi-morbidities and long-term care needs.

–– Primary healthcare-centred integrated delivery model for older adults, which 
focuses on population-based prevention, health promotion and disease manage-
ment, with effective coordination between primary, secondary and tertiary 
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healthcare providers, underpinned by effective financial protection and with 
links to social care.

–– Health equity concerns incorporated into public health programmes spanning 
communicable and non-communicable conditions (such as cardiovascular dis-
ease, diabetes, injury prevention and rehabilitation, nutrition, food safety, oral 
health, mental health, tuberculosis, neglected tropic diseases, alcohol abuse, and 
tobacco use), as well as for conditions that to date, are often age-dependent (i.e. 
dementia, stroke, chronic obstructive pulmonary disease; vision, mobility and 
hearing impairments), for which the burden of disease arises more from experi-
encing disability and functional decline, than from mortality.

–– Identification and provision of key services (appropriate, effective, accessible) 
care across life stages, taking stock that primary prevention in adults aged 
younger than, for example, 60 years will improve health in successive cohorts of 
older people; and recognizing that much of the potential to reduce disease burden 
and improving functional status, will come from more effective primary, second-
ary, and tertiary prevention.

–– Work force trained, managed and deployed, with an appropriate skill mix and 
competences to deliver essential services for older adults, in urban and rural 
settings.

–– Do not reinforce inequities, such as discrimination through ageism—in planning, 
regulations, the way services are delivered, good workforce mix, financing 
schemes; considers that chronologic age should not be the main criteria to assess 
health status, nor need for services; addresses signs of elder abuse.

–– Organizational arrangements and practices that involve different population 
groups, age groups and civil society organizations that advocate for older adults 
and “age-friendly” societies more generally—within a fair process and participa-
tory decision-making.

18.4	 �Next Steps

Currently, all countries have different starting points, yet commitment to take steps 
and to act for the long term is possible at every level of development. Changes in the 
age structure of the population, including increases in the proportion of older adults 
particularly in low and middle income countries, are predictable. There are oppor-
tunities to use the political momentum of climate change to promote health equity 
and healthy ageing. An approach that simultaneously considers factors related to 
older adults and healthy ageing in conjunction with strategies to mitigate and man-
age adverse effects of climate change would demonstrate the best results [35]. Even 
if the projected health impacts of climate change are not pre-determined, where 
older adults experience social and economic challenges, the exposure and likeli-
hood of health risk due to climate change increases [31].

Recognizing the vulnerability and rights of this population group and enabling 
the full participation of older adults in developing strategies to mitigate and manage 
risk from climate-caused events become imperative to ensure reduced health 
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impacts from climate change [31]. Older adults can be mobilized for information 
due to their historical experiences [31], but also due to their interest in leaving 
behind a legacy [28, 36]. In addition, optimizing healthy ageing not only includes 
sufficient preparation of older adults for climate change and its impact, but also 
developing community capabilities requiring policy implementation at multiple 
determinant levels [29, 35].

Although all countries could start addressing the health of older adults in a more 
systematic way now, more evidence describing health inequalities and what can be 
done that is applicable in diverse contexts is needed that responds to the needs and 
demands. A WHO global, public consultation to identify important research ques-
tions to advance healthy ageing involving more than 1500 respondents in 77 coun-
tries during 2016 [57] documented the following important questions spanning 
research policy, priorities, evidence synthesis and application in communities:

How do we encourage environmental research?
–– What environmental factors have most influence on the experience and biology 

of ageing?
–– Can we explore, document and improve climatic conditions, pollution hazards, 

indoor and outdoor physical infrastructure to render them age-friendly, for better 
health and well-being?

–– What can be done about strengthening environments against extreme environ-
mental events/disasters (in general but also as they relate to older adults), as e.g. 
a massive solar flare shutting down the electrical grid?

–– What type of housing could be proposed for older persons in a world subjected 
to climatic change?

–– What are the effects of climate change on design of age-friendly environments? 
How can climate change affect initiatives to create an age-friendly environment, 
in the setting of Small Islands development states?

–– How can we build community resilience to changing climate and environment?
–– How can we provide older adults accurate information on how their environment 

impacts their health so they can make useful decisions?
–– What role can design and technology play in making outdoor environments more 

accessible and age-friendly?
–– Can a dynamic indicator for healthy ageing be constructed, not absolute but rela-

tivized to climate conditions, social context, and ways of communication?

Hudson aptly notes that “If much aging-related research and practice is based on 
what has gone before, climate change and its challenges— affecting people of all 
ages and those yet to be born—has a distinct forward thrust” [36]. Population age-
ing and climate change reflect this century’s challenges, and warrant experts, civil 
society and scientific institutions to deliberate and develop plans. This process 
would contribute to developing a research and action agenda from an equity per-
spective, that fully embraces a wide spectrum of environmental and social determi-
nants of healthy ageing. Documenting what is being done at local levels, such as 
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through WHO’s Global Network for Age-friendly Cities and Communities, would 
offer an important source of practice.

On the other, actions can already be taken by governments to enable a comprehen-
sive response more generally [44], that increases alignment between existing policy 
commitments [58], and adequate resources to “level up” societies in terms of oppor-
tunities for health. This is the case given the political mandate of WHO Member 
States to implement the WHO Global Strategy on Ageing and Health [59].

We aimed to connect healthy ageing and health equity, by raising awareness of 
inequalities, determinants, and what could be done to improve health equity. We 
note underlying and intermediate causes of inequities in healthy ageing and review 
existing evidence on what could be done to improve healthy ageing from an equity 
perspective. Using this model, we highlight the importance of climate change, 
impacts on older adults, and the need to further knowledge and evidence based 
actions connecting climate change and healthy ageing.
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Key Messages

•	 To face the increasing demands of healthcare by the growing number of older 
adults, segmented care system has to be replaced by person-centred and integrated 
care.

•	 This includes a comprehensive assessment able to identify health and social care 
needs of older people.

•	 The responses to these increased demands include supportive policies, plans and 
regulatory frameworks.

•	 Indeed I-technology communication will help increasing training of healthcare 
workers to provide personalized care to allow older persons to do what matter for 
them until the latest part of life.

•	 Actions towards delivery of integrated care for the older people can take place at 
all levels of healthcare.

19.1	 �The Policy Context

19.1.1	 �Rapid Demographic Changes

At a time of unpredictable public health challenges, one thing is certain: the world’s 
population is rapidly ageing. From 2015 to 2050, the proportion of the world’s 
population aged 60 years or older will nearly double (from 12 to 22%) [1]. The 
consequences for healthcare systems are profound.
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As depicted in the Fig. 19.1 below, the rate at which the proportion of the popula-
tion aged ≥60 years is increasing much more quickly than in the past [1]. For exam-
ple, the proportion of the French population that was older than 60 years rose from 
10 to 20% over a period of almost 150 years, whereas countries such as China and 
India will have only slightly more than 20 years to adjust to similar changes in the 
age structure of their populations. A child born in Brazil or Myanmar in 2015 can 
expect to live 20 years longer than one born just 50 years ago [1].

19.1.2	 �Diverse Healthcare Needs

As people age, their intrinsic capacity—the sum of their physical and mental capac-
ities—tends to decline while their health issues become more chronic and complex. 
Multimorbidity—the presence of multiple chronic conditions at the same time—is 
increasingly prevalent with age. Older people can develop geriatric syndromes such 
as frailty, urinary incontinence, and falls, which do not fall into discrete disease 
categories.

19.1.3	 �Challenges and Complexities in Providing Healthcare 
to Older Populations

Health systems around the world are struggling to respond to the wide diversity of 
physical and mental capacities of older people and to promote positive trajectories 
of healthy ageing from early life onwards. An older person’s capacities can change 
rapidly—over the course of hours in some cases. Care systems struggle to be nimble 
enough to respond quickly to alterations in a person’s needs.
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Numerous healthcare workers may be involved with one person’s care, espe-
cially in countries with extensive availability of medical specialists.

The social care sector is often involved when older people experience sig-
nificant declines in their capacities and need help with activities of daily living. 
Health and social care services for older people are typically provided in a 
range of diverse settings, and with greater frequency, than for younger popula-
tions. In addition, families and other unpaid carers often play substantial care-
giving roles [2].

19.1.4	 �Healthcare Mismatch

Many healthcare systems around the world were designed for a relatively young 
population and for a different set of health needs than those we face today. In the 
past, services were often structured to diagnose and cure acute health issues, using 
a biomedical ‘find it and fix it’ approach, which worked well when communicable 
diseases were the most prevalent healthcare issue. Even though population demo-
graphics have shifted, the clinical focus often remains on the detection and treat-
ment of acute conditions, while attention to problems that matter to older 
people—such as chronic pain, and management of ongoing difficulties with hear-
ing, seeing, walking or performing daily activities—tends to be overlooked. 
Protocols are often lacking for preventing and managing geriatric issues such as 
frailty and urinary incontinence. Early markers of declines in intrinsic capacity, 
such as decreases in gait speed or muscle strength, are often not identified, treated 
or monitored, which is crucial if they are to be reversed or delayed.

Older people’s health issues also are often managed in disconnected and frag-
mented ways, and there is little coordination between care providers, different set-
tings and over time. Yet, the involvement of numerous health professionals and the 
use of multiple clinical interventions necessitate a high degree of coordination, both 
between health professionals, and within treatment levels and settings.

The physical infrastructure of many healthcare settings is not well matched to 
older people’s needs. This includes a lack of accessible toilets, long waiting lines, 
physical barriers to access, and communication barriers resulting from a lack of 
accessible information for people with hearing loss and visual impairment. The 
shortage of affordable transportation to clinics is another major barrier to access-
ing healthcare, especially for older people who live in rural areas, because ser-
vices are often concentrated in large cities far from older people’s homes and 
communities [3].

Finally, healthcare and social care are typically fragmented from one another. 
Deeply rooted differences in the way that these services are financed, governed, and 
organized create complications for older people who use both types of services. 
Separate budgets and competing incentives for the various organizations are not 
conductive to care coordination. Differences in education and professional culture, 
and unfamiliarity with other professionals’ ways of working, are additional 
barriers.
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19.1.5	 �Poorly Prepared Healthcare Workers

Like healthcare systems, healthcare workers are often unprepared to effectively manage 
the healthcare needs of older adults. Most current training approaches were developed 
in the twentieth century [4], when acute, communicable conditions were the world’s 
most prevalent health problems. As a result, healthcare workers are often trained to 
respond to pressing health concerns, rather than to proactively anticipate and counteract 
changes in function; and they are rarely prepared to work with older people to ensure 
they can increase control over their own health [4–6]. Furthermore, although most 
patients treated within health systems are older people, training curricula frequently 
overlook gerontological and geriatric knowledge and training [7, 8] and may lack guid-
ance on the management of common problems such as multimorbidity and frailty.

Meaningful reform will require the concerted and sustained efforts of academic 
leaders and health professional groups, but, so far, this has not happened to a large 
degree.

19.2	 �Responses

19.2.1	 �Integrated Care for Older People

Evidence suggests that integrated care for older people is the best approach for 
implementing the complex spectrum of interventions that are needed for older peo-
ple to experience the best possible outcomes [9–12].

Integrated care for older people refers to services that span the care continuum; 
are integrated within and among the different levels and sites of care within the 
healthcare and long-term care systems (including within the home); and according 
to people’s needs throughout the life course. Integration does not mean that struc-
tures must merge, but rather, that a wide array of service providers must work 
together in a coordinated way. Experiences to date [13, 14] indicate that most suc-
cessful programmes have taken a bottom-up approach to change, which has been 
supported by higher-level policy and mechanisms for shared financing and account-
ability within teams.

This type of care is person-centred, which means that it is grounded in the per-
spective that older people are more than vessels of their disorders or health condi-
tions. Instead, they are viewed as individuals with unique experiences, needs, and 
preferences. They also are seen in the context of their daily lives, as part of a family 
and a community.

To illustrate the elements of this type of care, WHO proposed in the 2015 WHO 
World Report on Ageing and Health actions in three levels (below). Key actions at 
three levels:

	1.	 Focus on the older person’s needs and goals. All elements of an integrate care 
approach for older people revolve around each older person’s unique needs and 
goals.

I. A. de Carvalho et al.
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	2.	 Integrated clinical care. Integration at the level of clinical care is especially 
important for older populations. This includes a comprehensive assessment, a 
common goal, and a care plan that is shared across all providers.

	3.	 System alignment. Aligned health and long term care systems can enable the real-
ization of integrated care for older people. Key building blocks of health systems 
have been identified previously by WHO [15] and include: Service delivery; 
human resources for health; health infrastructure, products, vaccines and tech-
nologies; information and data, leadership and governance, and financing.

19.2.2	 �What Can Healthcare Providers Do?

Front-line health workers who deliver care to older people can take several steps to 
provide more integrated care to older people. These include: using case manage-
ment strategies, including comprehensive assessments, care plans, and proactive 
follow-up; implementing evidence-based clinical interventions tailored to level of 
intrinsic capacity; and working collaboratively with other providers.

	1.	 Undertake case management. Case management entails assessing individual 
needs and developing a comprehensive care plan (see below), and then organiz-
ing services so they work collectively towards the goal of maintaining intrinsic 
capacity [16].
	(a)	 Conduct comprehensive assessments. Comprehensive assessments are an 

essential aspect of case management. They take stock of the intrinsic capac-
ity of the older person and its trajectory; specific conditions, behaviours, and 
risks that may influence this in the future; and the environmental context. As 
such, comprehensive assessments provide the information needed to priori-
tize and tailor interventions.

•	 Set care goals together with the older person. It is crucial that the older per-
son is involved with decision-making and goal setting from the outset, and 
that goals are established in accordance with the older person’s unique needs 
and preferences.

	(b)	 Develop and use comprehesive care plans. These are developed based on the 
outcomes of comprehensive assessments. The care plan is centred around 
the older person’s goals, how they will be addressed, the roles that different 
sectors of the health and social system will play, and a plan for follow-up and 
re-assessment. Once the care plan is developed, it serves as a roadmap for 
unified action and a way of measuring progress against the older person’s 
individual goals and preferences.

•	 Provide systematic self-management support. This involves providing older 
people with the information, skills, and tools that they need to manage their 
health conditions, prevent complications, maximize their intrinsic capacity, 
and maintain their quality of life [17, 18]. This does not imply that older 
people will be expected to ‘go it alone’ or that unreasonable or excessive 
demands will be placed on them. It does, however, recognize their autonomy 
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and abilities to direct their own care, in consultation and partnership with 
healthcare providers, their families and a range of other carers.

•	 Provide regular and sustained follow-up. Proactive and planned follow-up is 
part of most case management approaches. It promotes early detection of 
complications or changes in functional status, thus preventing unnecessary 
emergencies and related healthcare waste. It also provides a forum to moni-
tor progress in relation to the care plan and to provide additional support as 
needed.

	(c)	 Implement evidence-based clinical interventions tailored to levels of intrin-
sic capacity. Within any population of older people, many will experience 
periods of high and stable capacity, declining capacity, and significant loss 
of capacity. Each of these three periods requires different responses from 
healthcare providers.

•	 For older people with high and stable levels of capacity, the goal is to build 
and maintain these levels for as long as possible. The emphasis should be on 
disease and risk prevention; promoting capacity-enhancing behaviours; 
ensuring acute problems are adequately addressed; and detecting and man-
aging chronic, noncommunicable diseases at an early stage.

•	 For older people experiencing declining capacity, the goal is to delay, slow, 
or even partly reverse this trajectory through interventions targeted early in 
the process [19, 20]. Healthy behaviours remain crucial, but the focus broad-
ens from risk factor reduction to encompass actions that can directly help 
maintain and reverse loss in intrinsic capacity. For example, aerobic exercise 
is important for cardiovascular disease prevention [21], but exercise that can 
help build muscle mass, strength, and balance becomes increasingly impor-
tant as people begin to experience declining capacity [22–27]. Nutritional 
advice also changes as people lose capacity, with the focus shifting to nutri-
ent density, particularly that of protein intake, vitamin D, and other micronu-
trients, although calorie intake is also an important target [28]. This is a 
period of increased focus on the chronic care of multiple conditions, in order 
to mitigate their impact on capacity.

•	 For older people experiencing significant loss of capacity, the twin goals are 
to continue to optimize clinical trajectories and to compensate for these 
losses through provision of social care services. Clinical interventions 
should continue to focus on recovering and maintaining capacity, including 
ongoing disease management, rehabilitation, palliative interventions, and 
end of life care. Rehabilitation services can help prevent permanent func-
tional disability and care dependency, and have been shown to reduce avoid-
able hospital admissions and delayed discharges [29].

	2.	 Work collaboratively with other providers. Integrated care for older people 
requires healthcare providers to collaborate with one another, and with social 
care providers. This is a different way of working for many providers. Differences 
in education and professional culture, and unfamiliarity with other profession-
als’ ways of working must be overcome.
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19.2.3	 �How Can Services Be Organized and Delivered?

The starting point for aligning services to support integrated care for older people 
should be ensuring that better care is provided, rather than adopting a fixed organi-
zational model with a pre-determined design.

Regardless of the organizational structure, active case finding, community- and 
home-based care—all anchored by a strong and high-performing primary health and 
long term care system—are important aspects of service delivery for older people. Self-
management support provides older people with the information, skills, and tools that 
they need to manage their health conditions; prevent complications; maximize their 
intrinsic capacity; and maintain their quality of life. Community engagement leverages 
existing resources and helps provide support for older people and their families.

	1.	 Use multidisciplinary teams. Multidisciplinary teams share responsibility and 
accountability for clinical processes and care outcomes, for individuals and in 
defined populations. To succeed, teams meet regularly, share information, explic-
itly define clinical roles, and perform complementary and coordinated functions 
for people and populations [30].

	2.	 Share information across providers, settings, and time. Rapid advances in infor-
mation and communication technologies (ICTs) offer much promise for sharing 
relevant clinical information across providers, settings, and time [31]. Electronic 
health records can organize information about individuals and entire clinical 
populations of older people to help identify needs, plan care over time, monitor 
responses to treatment, and assess health outcomes.
	(a)	 Implement active case finding. Community outreach and active case finding 

can reach older people who do not self-present to health centres. Moving 
beyond clinic walls into communities facilitates the identification, monitor-
ing, and support of older people in need of health services.

	3.	 Prioritize community- and home-based care. Locating health services close to 
where people live is especially important for older people. Distances to health 
centres that might be reasonable for the general population can be insurmount-
able for older people with significant impairments; accessible and affordable 
public transportation to healthcare facilities should be available [32]. In cases 
where specialist health services entail long travel distances, age-friendly and 
affordable transportation services can be offered.

Home visits delivered by healthcare providers in the context of community-
based programmes have been shown to have positive effects for older people [33, 
34].

For those with significant care needs, hospital-at-home services can provide 
treatment at home for people who would otherwise be admitted to an acute hos-
pital. These services involve a team of health and long-term care professionals. 
Evidence has shown higher client and carer satisfaction, reduced deaths, and 
reduced readmission rates with this model compared to a ‘traditional’ hospital 
[35]. Most rehabilitation services can be provided outside hospital settings, in 
communities or at home [28].
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	(a)	Engage communities. Community engagement leverages untapped resources 
and helps to ensure healthy and facilitative environments for older people. The 
community includes families and households, employers, religious organiza-
tions, the physical and social environment, community organizations of different 
types—including older people’s associations, social services, and educational 
services to name but a few.

19.2.4	 �How Can Health and Long Term Care Systems Support 
Integrated Care?

The primary role for policymakers and health system leaders is to support the inte-
gration activities of front-line providers at the level of clinical care (see Box below).

Organizational and structural integration are not necessary to achieve this aim.
As a first step, senior leaders must recognize the importance of addressing this 

agenda and make it a health system priority. One entry point is to evaluate the coun-
try’s capacity to deliver integrated care, identify gaps, elaborate a plan to guide the 
necessary changes in local health systems, and monitor progress.

Policies, plans, and regulatory frameworks can be updated to support integration 
at care levels (e.g. primary healthcare, nursing homes, and hospital-based services), 
and also between health and long term care systems. Joint budgeting, monitoring, 
and accountability systems can be used to solidify integration. Strong political sup-
port from senior leadership can spur this type of action.

Other essential action points are presented below.

	1.	 Develop the workforce. Healthcare and social care workers need the right 
competencies, and to be organized and deployed in ways that make the best 

National-Level Support for Integrated Care for Older People
	1.	 Adopt an integrated care approach to older people within the country’s 

National Health Policy.
	2.	 Adapt and implement clinical guidelines for providing integrated care for 

older people.
	3.	 Evaluate the country’s capacity to deliver integrated care, identify gaps, 

develop a plan, and monitor progress.
	4.	 Make needed changes within local health systems (essential medicines, 

health information system, infrastructure) and long term care systems.
	5.	 Train health and social workers about the integrated care approach and 

interventions to prevent declines in capacity and functional abilities.
	6.	 Develop support mechanisms within communities for self-management, 

caregiver support, and transportation of older people to clinics and hospi-
tals when needed.
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use of their potential contributions. Core competencies for all health profes-
sionals include basic gerontological and geriatric skills. Both health and 
social care workers need general competencies related to integrated care, such 
as working as part of a multidisciplinary team and proactively supporting 
older people to optimize their health and capacity. More physicians and nurses 
with expertise in geriatrics are also needed, to provide support to primary care 
healthcare workers and to treat complex cases. In addition, new workforce 
cadres (such as care coordinators or community health workers) can be con-
sidered, alongside options for extending the permissible scope of practice for 
some professions.

Developing the workforce in these ways will require a well-functioning gov-
ernance infrastructure. Workforce assessment, policy development, planning and 
monitoring are essential aspects of governance. Strengthening governance 
capacities and coordination mechanisms to address major workforce challenges 
associated with population ageing will be important in many settings.
	(a)	 Invest in information and communication technologies. Information and 

communication technologies (ICT) can help transform health systems to 
deliver integrated care for older people, particularly in middle- and high-
income settings. Advances in ICT are being used globally to improve access, 
quality, and safety of healthcare, and cost-effectiveness of health services 
delivery [30]. In many ways, ICT has become fundamental to effective mul-
tidisciplinary team care. Automated reminders, prompts, and warnings on 
clinical health records systems can assist providers to deliver evidence-based 
care. Patient portals and other e-health infrastructure can enable older people 
to participate more fully in their treatment and care; and link them with their 
healthcare team, as well as with community and social services.

ICT also can be used to monitor, evaluate, and plan care at the policy 
level, in order to improve the care of older people. For this to be realized, 
common indicators must be broadly agreed and consistently used. Indicators 
for underlying causes and domains of intrinsic capacity—such as under-
nutrition, mobility impairment, cognitive impairment, and sensory impair-
ments—must be defined, operationalized, and consistently measured.

	2.	 Implement shared financing and accountability. Several financing mechanisms 
can be considered to stimulate integrated care for older people. Within a wide 
range of financing schemes, pooled budgets and/or bundled payments can be 
used to enable providers and organizations to work together in a more integrated 
way. Other financing mechanisms include contractual incentives to encourage 
new ways of working, or to reward positive outcomes; and stimulus or seed fund-
ing to support the development of local initiatives.

Regardless of the financing scheme, providers must be compensated and pro-
vided with incentives to undertake key functions associated with integrated care. 
They must, for example, be remunerated for the time and resources spent con-
ducting comprehensive assessments and developing care plans, as well as for the 
time spent on consultation and collaboration within the multidisciplinary team. 
Providers should also be eligible for compensation related to the services that 
they provide in older people’s homes or communities.

19  Integrated Care for Older People
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�Conclusion
Integrated care for older people produces a better return on investment than more 
familiar ways of working, and enables older people to participate and contribute 
as productive members of society [1].

Integration at the level of clinical care is especially important for older popu-
lations. This generally includes a comprehensive assessment, a common goal, 
and a care plan that is shared across all providers. Ongoing case management, 
led by a designated care coordinator, has been shown to ensure that integration 
continues over time [2]. Key health system levers are: supportive policies, plans, 
and regulatory frameworks; workforce development; investment in information 
and communication technologies; and use of pooled budgets, bundled payments, 
and contractual incentives to support integrated ways of working.

Action towards the delivery of integrated care for older people can take place 
at all levels of healthcare: from front-line providers through to senior leaders. 
This action might make a substantial contribution towards the Sustainable 
Development Goals (SDGs), fostering inclusive economic growth, achieving 
universal health coverage for current and future populations, and ensuring older 
people have the opportunity to contribute to—and are not left behind 
by—development.
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20Conclusion: Moving Beyond  
Disease-Based Models of Prevention

John R. Beard

In the 2015 World report on ageing and health, the World Health Organization 
emphasised the need to consider Healthy Ageing from the perspective of people’s 
functional ability to be, and to do, the things they value. This ability is determined 
by the intrinsic capacity of the individual (i.e. all of the individual’s physical and 
mental, including psychosocial, capacities), the environments they inhabit, and the 
interaction between the individual and their environment. Furthermore, the report 
emphasised the importance of considering patterns of ability and capacity across 
people’s lives.

This reframing of Healthy Ageing away from a conceptualisation defined by the 
absence of disease and towards a focus on an individual’s functioning has many 
implications for clinicians and researchers. One of the most fundamental is a shift 
to considering Healthy Ageing as a trajectory of functioning that builds and declines 
across an individual’s life. Interventions to promote health in older age can therefore 
occur at any stage of the life course, rather than being solely the domain of geriatri-
cians. One greatly neglected area in this regard has been midlife.

While every individual’s Healthy Ageing trajectories are unique, at a population 
level, people in the second half of life tend to fall into one of three groups: those 
with high and stable capacity, those with declining capacity and those with signifi-
cant losses. The needs of each of these groups are quite distinct. Moreover, chrono-
logical age is only loosely associated with the group into which an individual falls.

The group with high and stable capacity are generally well served by existing 
health services, at least in high resource settings. This is a group in whom disease 
prevention is important and who should be encouraged and supported to avoid tra-
ditional cardiovascular risk behaviours such as smoking, lack of physical activity 
and poor nutrition. It is also a group where it is important to identify diseases, or risk 
factors such as hypertension, early and if possible cure or control them.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96529-1_20&domain=pdf
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At the other end of the spectrum, the group with significant losses of capacity are 
traditionally the domain of geriatrics and, while this area receives inadequate invest-
ment, it is a field where we generally have a good understanding of what needs to 
be done—typically the provision of comprehensive and integrated care that spans 
both health and social care services.

However, the middle group who are experiencing declines in capacity have quite 
different needs again, and rarely have access to the services they require. Nor do we 
yet have a clear understanding of the optimal interventions that might be most 
appropriate for them. These declines of capacity can arise from the complex multi-
morbidities that the majority of people over the age of 65 years experience, or they 
may simply reflect complex shifts in systems biology that are the consequence of 
diverse factors such as the accumulation of physiologic deficits across the life 
course or early life infections that can set in place a cascade of immune senescence 
and inflammageing.

Regardless of the cause, this period of many people’s lives presents a significant 
opportunity to influence their subsequent trajectories of capacity and ability. For 
this is a group in whom prevention is still important, but this is not so much the 
prevention of disease, but rather the prevention of the declines that can be a conse-
quence of disease and other physiologic changes. This book has explored some of 
these issues.

Making the most of these opportunities will require a significant shift in our 
thinking. For example, most current advice on physical activity emphasises the need 
for aerobic exercise as a preventive behaviour to reduce the risk of cardiovascular 
disease. Yet as declines in capacity progress, there is strong evidence that resistance 
training to improve muscle strength increases in importance. And there is also grow-
ing evidence that short burst high intensity training may be particularly beneficial in 
preventing age-related declines, at least at a cellular level. Tailoring this advice to an 
individual’s physiologic state may be important, as is identifying the interventions 
and environmental context that can best encourage these activities.

Broader social advances are also creating new opportunities. For example, the 
advent of wearable devices means that many aspects of capacity and ability can be 
continuously monitored, although neither clinicians nor researchers typically make 
the most of the mega data that is already available. Nor do we yet have information 
systems that each of us might access as informed individuals to guide our personal 
choices and behaviours. Moreover, outdated stereotypes often cloud our thinking 
and can lead us to reject, or discourage in others, the activities (for example high 
intensity training in older adults) that might be in their best interest.

This book therefore represents an important watershed that signifies a shift from 
disease dominated thinking to models where diseases are still understood to be 
important, but are seen as both a manifestation and a contributor to complex sys-
tems that tend to decline in the second half of life. Moreover, by considering these 
changes in capacity within the context of an individual’s physical and social envi-
ronment, it highlights further opportunities to change the way we think, feel and act 
about ageing and to create supportive environments that can help us build and main-
tain capacity or compensate for losses.

J. R. Beard
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While it is only a start along this path, hopefully it will encourage more research 
on the subtle changes that occur in midlife, and the interventions that may have the 
most beneficial impacts on people’s subsequent lives. Then, of course, we will need 
to redesign our health systems and communities to draw on this knowledge to sup-
port everyone to live the longest and healthiest life possible. And in doing that, we 
will need to pay particular attention to those at the bottom of the range of capacity 
and ability who are likely to have experienced the cumulative impact of disadvan-
tage across their lives. This is a radical transformation. However, it is one that is 
within our reach if we just dare to grasp the opportunity.

20  Conclusion: Moving Beyond Disease-Based Models of Prevention
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