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Preface to the Second Edition

This second edition of Aging Research - Methodological Issues is presented after 3 
years of our first appearance. Drivers of the first edition are the same for this second 
edition and remain as relevant as in the first one. Aging population process repre-
sents the most important demographic issue in the world and particularly in low and 
middle economies that are currently facing several challenges in the social, eco-
nomic, welfare, and health services dimensions among others.

The second edition maintains the idea of doing a book with the aim of integrating 
crucial features in aging research, such as multimorbidity, frailty, function, cogni-
tion, healthy aging with the principles of research methodology.

With this in mind, this new edition retains the organization and the general struc-
ture of the previous one. The twelve previous chapters were reviewed and updated. 
The review of the scientific method is presented again as the first chapter, after the 
introduction, and it includes a new discussion about complex systems applied to 
human aging. Biomedical research in aging is now written by a team of expert 
researchers that introduce new lines of investigation and future perspectives. As in 
the previous edition, classical research designs were included in the first chapters, 
including descriptive studies, case-control studies, longitudinal studies and clinical 
trials as well as systematic reviews, with updated information. Qualitative research 
and mixed methods are now presented by international authors with enormous 
experience in these topics. Chapter 15 is a discussion about the transference of 
health research results into aging policy; focusing in the urgent need of evidence in 
all the health systems to make better decisions in the aging field, taking advantage 
of what research provides to stakeholders. The discussion about the relationship 
between technology and aging was also included, with special emphasis on ubiqui-
tous sensing, a continuously growing field both in engineering and aging.

Six new chapters were included: Chapter 4 dedicated to Geroscience which is a 
modern and emerging discipline based on finding connections between the “hall-
marks of aging.” Chapter 12 is focused on health systems research in aging. Health 
services have been particularly challenged due to an increase of health demands but 
also of a lack of scientific evidence. We are confident that this chapter will improve 
the understanding of how societies have to respond to the aging process. Big data 
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and data mining are discussed in Chap. 14. Both are powerful tools to obtain infor-
mation that could be used to improve the health status of older people. Ethical con-
siderations in aging research are presented in Chap. 16. This chapter argues that 
such exceeding medical research should always be accompanied by an ethical 
stance, specifically focusing on aging population. The ethical stance in research 
serves to, first and foremost, look to safeguard the dignity of those it researches. 
Chapter 17 presents a crucial topic, the process involved with searching for aging 
research funding. Very specific key points are presented in order to write and present 
a successful grant proposal when focusing on the aging field. Finally, Chap. 18 is 
focused on discussion of the future of aging research, and how we need to move 
from disease paradigms to understand the person with a holistic perspective.

We have to say that many aspects of this book have not changed. It was written 
with several audiences in mind. We hope that under- and post-graduate students who 
are interested in aging research for the first time find this book challenging and use-
ful. Senior researchers that have not done research in the area also can find a differ-
ent perspective, and refreshing concepts may be found all over the diverse chapters.

Aging research must be as a top priority of any national research agenda. As in 
other medical branches, researchers need to be well trained and prepared; enough 
funds and institutional supports are needed to obtain sounding data that has the 
potential to impact how older adults are taken care of in all areas of the society.

After all, obtaining results with a standardized methodology will lead in turn to 
the formulation of new questions that will continue enriching the ever-growing field 
of aging research. We hope that this book will aid in achieving these goals.

National Institute of Geriatrics  
Mexico City, Mexico�

Carmen García-Peña 

�
Luis Miguel Gutiérrez-Robledo  

�
Mario Ulises Pérez-Zepeda 

Preface to the Second Edition
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Chapter 1
The Need for Differentiated Research 
Methodology in Aging

Mario Ulises Pérez-Zepeda, Carmen García-Peña, 
and Luis Miguel Gutiérrez-Robledo

Abstract  The global phenomenon of population aging has increased the need of 
accurate information in the last few years. In order to improve current status of the 
older adult’s care, quality information should be generated by standardized research 
methodology. Specific issues arise when it comes to aging research, different from 
those found in younger stages of life. Having this in mind and how could impact the 
older adult will result in a continuous generation of helpful information for evidence-
based decision making in all levels of older adult care.

Keywords  Aging · Geriatric research · Evidence-based geriatrics · Older adult 
care

1.1  �Introduction

It is well known that in the years to come the population group with the highest 
growth will be that of the elderly and that this in turn brings with it a specific demand 
for health care and in all areas of human activity [1, 2]. Health sciences in particular 
face a major challenge to maintain the well-being of older adults, since it is at this 
stage of life where to draw on all disciplines, it is essential to be successful. That is, 
it is not enough to generate information from a single point of view, it is necessary 
to integrate the components of a phenomenon into a single vision, for example: 
diabetes mellitus from the perspective of molecular biology can shed light on the 
phenomena that occur in this level to give rise to disability in an older adult, but it is 
also necessary to know what real impact this disease has at the epidemiological 
level, to know the pharmacology of the different medicines, to know the social influ-
ence in the health disease process, to know what elements of technology could 
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improve the overall health status of diabetic older adults and once this information 
is obtained integrate it to establish action plans for diabetic older adults. This is why 
it is necessary to have solid data that allows to have accurate strategies in the short-
est time to achieve this end. The aging process is not synonymous with a decrease 
in the function of the human body (or any other living organism), however, it does 
bring with it an increase in the frequency of chronic diseases, mainly diabetes mel-
litus and systemic hypertension [3]. Today, one of the greatest health challenges of 
this age group is knowing how to age with a chronic disease, what are the effects of 
the complications of the diseases themselves, what impact does the long-term use of 
medications have, it is the role of chronic diseases in the loss of functionality; 
among many other topics in which there is still not enough information to carry out 
concrete actions [4]. The most common outcome in recent years has been simply to 
carry out the same actions that are used in younger adults, a strategy that is not 
effective and in the worst case has been harmful. There are some examples in elderly 
Mexicans, where it has been shown that implementing a specific care strategy for 
older adults can improve their health status [5].

Disability and the so-called geriatric syndromes is another field with a great 
knowledge gap. As previously mentioned, knowing the different perspectives of 
these phenomena helps to have global solutions and with less margin of error when 
taking into account the elderly with their bio-psycho-social environment and with 
less emphasis on the “organicist” vision that Currently prevails in medicine, in other 
words, what is good for a kidney is not necessarily good for the heart.

There are two problems of particular attention in the health of older adults: 
dementia and frailty. Dementia is better known today and many of the resources in 
research are currently being devoted to its study, however it remains a condition 
with a high burden for those who have it and particularly for their family and social 
environment [6]. On the other hand, frailty - understood as the loss of the ability to 
respond to harmful stimuli - is still an emerging problem and with many questions 
still to be resolved [7].

The research that nursing has provided for aging has been spearheaded in many 
ways, just to mention an example, the main interventions in dementia available 
today are interventions designed, tested and tested within the context of research in 
care nursing [8]. The research potential in this field is great, however the continuous 
challenge is to establish links and articulate with other disciplines to perfect the 
knowledge acquired when the research is done from a unique and isolated 
perspective.

In addition, it is important to mention that the WHO is trying to shift the para-
digm from disability to healthy aging, in order to tackle progression from a starting 
point, rather than it’s too late.

M. U. Pérez-Zepeda et al.



3

1.2  �A Theoretical Frame for Aging Research

Different disciplines are grounded in theories that give the topic a sense and a cohe-
sion that could further be enriched by new knowledge. Aging research has a number 
of potential theoretical frameworks that could be used for this purpose. However, as 
it happens in other medical disciplines, there is no agreement on which particular 
theory is appropriate. Evolution of species is one of the most useful theories to 
explain aging and has fully translated into aging phenomenon by the disposable 
soma theory of Kirkwood. Moreover, many of the processes that occur during aging 
seem to respond to evolution.

1.3  �Particular Features of Aging Research

Once the aging of the population and the lack of information on this age group is 
recognized as a problem, the question arises about what distinguishes scientific 
research on health in this area from other disciplines [9].

Research into age and aging uses the scientific method to generate knowledge, 
not unlike other disciplines. However, it incorporates many more elements than 
those generally used in “traditional” health research. One of the main differences is 
the focus on the preservation of function of older adults at different levels (with dif-
ficulty, independent, dependent, etc.), in contrast to the objective of preserving life, 
which is more usual in health research in other age groups [9]. On the other hand, 
the reductionist focus of other medical specialties (internal medicine, surgery, 
orthopedics, etc.) makes it difficult to study the phenomenon of aging and it is more 
useful, both conceptually and in practice, to focus on the biology of systems, or a 
holistic approach [10]. Another type of focus that can be useful is called “subject-
centered”, in which the weight of the signs of discomfort by the persons involved 
acquires more relevancy than the numbers from biochemical measurement [11].

The incorporation of more topics of investigation than is the case at present will 
be done in the years to come. Among the new items to consider are: services (access, 
quality, innovation, technology), the incorporation of social determinants of health, 
deep analysis of these determinants, a multi-disciplinary approach, systematic 
incorporation of the evidence for creation of public policies, and molecular biology 
(genomics, proteomics, metabolomics) [9]. As well, in a world of limited resources, 
research in the economics of health is a fundamental ingredient for the creation of 
knowledge for improving the clinical care of older adults. Those changes (if any) 
will have to be adapted to the group of older adults.

Research into age and aging is no different from other research; it simply has 
emphasized some characteristics that are often harder to investigate in this age 
group, such as: defining what is normal (normal changes in aging vs. pathological 
changes), “normalization” of problems/illnesses of age, nihilism (thinking that 
whether or not something is done, why do research in this age group if they will 
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soon die or be incapacitated?), non-specific manifestations of problems, coupled 
with homogenous definitions – bias in classification – (the case of frailty, whose 
variability shows up in studies of it), the need for adequate sources of information 
(valid scales, trained interviewers and optimization of obtaining and analyzing data, 
to name a few) [9, 12].

There are a number of examples on how aging is different from other type of 
research, in this chapter some of them will be reviewed.

1.3.1  �Heterogeneity in Older Adults

With the goal of having a framework of heterogeneity in age, what follows is a 
description of different groups, very differentiated within this population segment. 
With the advances in knowledge about aging in recent decades, a group that previ-
ously appeared to be homogeneous now is known to be made up of distinct sub-
groups, whose characteristics must be taken into account in the various domains at 
the time of doing the research [13]. Even though there is agreement about the age at 
which a person should start to be called old (older than 60 years), this does not 
always correlate biologically [14]. There are sub-groups with specific characteris-
tics, whose differences must be taken into account throughout the design and devel-
opment of any research project into age or aging: sampling (over-sampling of barely 
representative groups), selection criteria, stratification, allocation of the interven-
tion, statistical adjustments, in a way that real conclusions are arrived at and not 
derived from population differences established a priori (see Table 1.1). Another 
characteristic that generates different sub-groups, and that it is crucial to take into 
account, is related to the losses in the trials, since in some cases they are highly 
characteristic, for example, in subjects with dementia.

Therefore, it is necessary to thoroughly know these different groups within the 
group of older adults, in order to be able to make the pertinent adjustments in the 
design of the protocol, or in the last instance, if this is not possible, at least to 
describe the population group and its distinct characteristics. The following is a 
detailed description of some of the characteristics that produce the marked 
differences.

1.3.1.1  �Age

The easiest way to look at for this category is chronological: the more years that 
have passed, the higher the probability of suffering one or more illnesses, and the 
same with loss of function, frailty and the appearance of geriatric syndromes. 
Therefore, the division of these groups by age in research has a clinical logic. In 
addition and depending on the outcome  – following the Gompertz curve  – it is 
known that the probability of dying is greater with advancing age, a situation to take 
into account, for example, when comparing groups of subjects of 60 and 90 years of 

M. U. Pérez-Zepeda et al.
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age. If one wants to evaluate the effect of a particular intervention, wants to show 
the impact on mortality, and is unable to find any, the difference by age – expected 
and not adjusted – would be the explanation [15]. Finally, the group most advanced 
in age, the people older than 100 years of age, is much less represented in the stud-
ies, being one of the most forgotten groups in all types of research.

Table 1.1  Different groups to take into account in age and aging research

Group Categories

Age Young-old 60 to 79
Old-old 80 to 89
Extremely old 90 and above
Nonagenarian 91 to 100
Super-centenarians older than 101

Function Effective function without difficulty
Effective function with difficulty
Ineffective function without difficulty
Ineffective function with difficulty
Loss of function in some activities, with dependence with 
assistance
Loss of function in some activities with dependence without 
assistance
Loss of function in all activities with dependence with assistance
Loss of function in all activities with dependency without 
assistance

Multi-morbidity/
Polypathology

Without non-degenerative chronic illnesses
With one non-degenerative chronic illness
With multi-morbidity/polypathology

Life prognosis Without terminal illness
With a terminal illness but without probability of dying in the next 
6 months
With terminal illness with probability of dying within the next 
6 months; not moribund
Moribund

Specific pathology Without a specific pathology
Dementia
Cancer
Frailty

Level of care Ambulatory
Acute hospital care
Chronic hospital care
Residence
Hospice

Caregiver Without a caregiver
Without caregiver burden
With caregiver burden

1  The Need for Differentiated Research Methodology in Aging



6

Taking into account the foregoing, conventionally the most common way to 
divide groups of older adults by age is: “old-young” 60 to 79; “old-old” 80 to 90; 
“ancient old-old” 90 and over; “nonagenarians” 91 to 100; and “super centenarians” 
greater than 101 years [16]. As can be observed, this is an arbitrary division and 
within each group there is also a lot of heterogeneity, given that health strategies not 
only provide for an increase in life expectations, but also an increase in the expecta-
tion of a healthy life. Alternatives to the division by age groups could be those given 
by levels of functioning, the extent of non-transmittable chronic illness, specific 
pathologies (cancer, dementia, etc.), level of health care required or frailty status.

1.3.1.2  �Function

Defined as the capacity to be able to carry out, independently and autonomously, the 
activities necessary to take care of oneself under optimal conditions and within 
one’s own surroundings, function is an effective way to classify the elderly. There is 
a large spectrum between the two extremes (independence and dependence), with a 
number of activities within which is also a different range of effectiveness in capac-
ity to carry out these functions (independence in function, difficulty in doing this, 
and total dependence on someone else to be able to do some of the activities). 
Taking into account the potential effect function can have on a particular interven-
tion improves the possibility of obtaining other appropriate outcomes. Research can 
also be carried out on specific groups of levels of functional, as is the case in 
researching the cause of pressure sores in people almost totally dependent; testing 
an intervention on injuries to cure them. The fact of not taking into account func-
tional could give the false impression of the functional and the effectiveness of the 
intervention.

1.3.1.3  �Multi-Morbidity

Recently there has been emphasis on this concept (suffering from more than one 
non-transmittable chronic illness for which the person is taking medicine regularly), 
because it appears that it could involve a problem with characteristics different from 
the rest of the population and an entity in which there would have to be special care 
taken in carrying out clinical tests at the time of reporting the interactions. This is 
the case not only with the medicines but also with the illnesses, and the potential 
synergies that might exist. The strategy of excluding competing risks is known, that 
it is not possible to control them and that they could bring about the outcome they 
intend to change with the intervention. The foregoing is especially true when deal-
ing with cohort studies in which an exposed factor tries to associate with a specific 
outcome, since with the passage of time there are other exposures that could bring 
about the same outcome, for example in the case of falls – which can be caused by 
multiple factors – and not taking into account several causes for the adjustment in 
one of the moments of the research project [17]. However, several solutions have 
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been promoted in the area of old people. One of the most common is the use of 
indices of comorbidity, for example Charlson’s, in which the results can be adjusted 
specifically to this comorbidity burden, and theoretically eliminating this potential 
source of confusion in the clinical tests. To choose the population a priori, in such 
a way as to exclude some with competing risks would hardly be practical (and 
hardly realistic) in research in older adults, given the low probability of finding 
“healthy” old people or people with just one pathology.

1.3.2  �Animal Models

Even that it has been said that modeling of aging is somewhat a closed matter, and 
we do not have the need to discuss it further, there have been some problems with 
modeling animals due to the complex nature of older adults. The typical example is 
frailty, a multi-level problem that renders an older adult prone to adverse events in 
the face of usual stressors, which has been shown to be difficult to model in 
animals.

1.3.3  �The Role of Time

Time is one of the most difficult issues to handle in aging research. One thing is to 
have age-related problems, which have been defined as those that are only related 
with time passing by and the other is that of age-dependent problems in which those 
mechanisms that render an organism old, also have a role in disease.

1.3.4  �The Role of Outcomes

Death is more common for the aged ones. In other kind of studies, mortality is the 
main outcome. However, when it comes to older adults, mortality is not always the 
best outcome to measure, and other outcomes are more important.

1.3.5  �Statistical Approaches

A recent number on the journal of gerontology series B has been devoted exclu-
sively to the description of different solutions to a number of problems faced in 
aging research. This is particularly true when it comes to analyzing longitudinal 
studies, in which attrition rates are high. Competitive risks are among other type of 
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problems faced when analyzing longitudinal studies and related outcomes in 
population.

1.4  �Conclusions

To better understand the problems that could be presented at each stage of the 
research in areas of age and aging, knowledge is created clearly and with a solid 
scientific structure that contributes to improvement in the quality of care for older 
adults and a clearer understanding of the processes that could have impact on their 
overall health.
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Chapter 2
The Scientific Method as a Point of  
Departure in Aging Research

Rubén Fossion and Leonardo Zapata-Fonseca

Abstract  What makes knowledge scientific is not its content per se but rather the 
form, in which it is obtained. Following the scientific method is a necessary condi-
tion to carry out a sound and methodologically valid research. However, for empiri-
cal researchers, it is not common practice to reflect upon the method itself. It has 
been argued that the scientific method is not so different from the common sense 
that we use in daily life to reach solutions, but with its successive steps better articu-
lated so that scientific knowledge can approach more robust conclusions over time. 
Since the last quarter of the previous century, there are indications that reductionist 
strategy of the scientific method has reached its limits, and that therefore a comple-
mentary approach is needed to investigate new complex research problems. 
Consequently, emergentism and systemic thinking are becoming a new explanatory 
framework that is currently permeating virtually any field of knowledge and all 
spatiotemporal scales. In the present chapter, we focus on a very specific system 
under a rather specific yet common and relevant condition: the aging human being. 
Particularly, we introduce some notions on how the sciences of complexity can help, 
not only clinicians but also medical research in general –and in particular aging 
research– to reach a more complete understanding and assessment of the older adult 
both at an individual and population levels.
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2.1  �Introduction: History and Philosophy of Science

Society esteems science for its presumed quality of being based on objective facts, 
so that scientific research has more weight and authority than a personal opinion [1]. 
But what makes something scientific? It is not the object or the topic under study but 
rather the methodology with which a study is carried out and the standards that are 
used to judge the obtained results [2]. The methodology that is used in science, or 
the so-called scientific method, is not very different from the way in which we use 
common sense to interpret events in our daily lives. Common sense analyzes the 
information we receive through our senses (sight, hearing, touch, smell, taste) as 
being real and independent from the observer. Without thinking consciously about 
the steps taken, our common sense is based on a sequence of observation, evidence 
and verification; scientific thinking follows the same logic, but the scientific train of 
thought is slowed down for increasing transparency and control during the various 
steps. Transparency is important because scientific research is a collaborative activ-
ity and peers and colleagues must be allowed to repeat experiments, verify results 
and construct more advanced theories based on previous results [2].

The scientific method developed gradually through several millennia. The 
Ancient Greeks, such as Socrates (469–399  BC), Plato (427–348  BC), Aristotle 
(384-322 BC), Ptolemy (90–180 AD) and Galen (130–200 AD), were pioneers in 
setting up a science independent of religious dogmas; theirs was mostly a contem-
plative science based on abstract axioms to which they applied deductive logic in 
order to obtain new statements, at most passive observations of Nature were made 
and induction was used to obtain new hypotheses. During the dark ages of Europe’s 
Medieval Period (500–1300 AD), much of the scientific knowledge of the Ancients 
Greeks was lost. Fortunately, a lot of that knowledge could be recovered thanks to 
the Arabs (700–1500 AD) who had adopted the science of the Ancient Greeks and 
who had contributed with active experimentation, which was an important step for-
ward because now theoretical predictions were verified with experiments. The next 
important period is the scientific revolution (1500–1800 AD), which was caused by 
various factors. One factor was the foundation of the first universities, which resulted 
in a gradual “liberalization” of the sciences and leading to a more pluralistic vision 
not dictated by a few authorities. Another factor was humanism as the new philo-
sophical and ethical current having as one of its purposes to explain all-natural 
phenomena without any reference to the supernatural. Technological inventions, 
such as the microscope and the telescope, further accelerated the advance of sci-
ence. Also, important resulted to be mathematical modeling, which allows research-
ers to make not only qualitative but also quantitative predictions.

The study of the history of the scientific method and how the scientific method is 
applied, is a science of science, also called meta-science, and therefore belongs to 
the field of philosophy of science. Philosophy is a forum to question and clarify 
concepts that other disciplines believe to be obvious without having investigated 
these questions explicitly [2]. Philosophy of science analyzes the various steps of a 
scientific investigation. Consequently, the philosophical approach tends to be 
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abstract and idealistic, and the goal is to define an absolute and universal scientific 
method that is valid for all disciplines and for all times.

In the application of the scientific method, the following properties are often 
taken for granted:

•	 The data are previous to and independent from theory;
•	 The data constitute a firm and reliable base for scientific knowledge;
•	 The experimental data are obtained by impartial observation through the senses.

Philosophers have identified some problems with these assertions, such as theory 
and subjectivity ladeness [3], confirmation and rejection of the theories [4, 5], and 
how to evaluate scientific progress [1].

The American physicist and philosopher of science Thomas Kuhn (1922–
1996 AD) revolutionized the way in which scientific progress is perceived. Before 
Kuhn, scientific progress was interpreted as a gradual process; it has been suggested 
that our textbooks are to blame for reinforcing this view of a continuous accumula-
tion of ideas up to the current state of science, while Kuhn argues that scientific 
achievements of the past need to be interpreted within the context of sociological 
factors and scientific perspectives of the time in which they were developed [6]. It 
appears that within each scientific specialty, prolonged periods of stability and con-
solidation precede short bursts of major conceptual revision, which Kuhn called 
paradigm shifts [7]. A paradigm is a coherent set of theories and concepts that 
guides interpretations, the choice of relevant experiments, and the development of 
additional theories in a field of study. Examples of contrasting paradigms in physics 
are: heliocentrism vs. geocentrism, Newtonian gravity as opposed to Einstein’s the-
ory of general relativity, and classical physics versus quantum mechanics. In medi-
cine, examples of paradigm shifts are the dissection of human cadavers as introduced 
by Vesalius, the use of the microscope and the development of synthetic drugs.

Standard science works within the framework of an existing paradigm that guides 
a field of research. In this case, almost all the research relates to the paradigm: 
research is carried out according to a fixed scheme, and it is the paradigm that indi-
cates which topics for research are appropriate and worthwhile; theoretical and 
experimental studies imply the collection of data to verify predictions of the para-
digm and consider also efforts to extend the paradigm in order to include apparent 
problems or ambiguities. Research within an existing paradigm is sometimes 
described in a pejorative way as “cleaning up”. In a new field, that is, a field in a 
pre-paradigm state, no fixed scheme exists that indicates how experiments should be 
done or how data should be interpreted. To draw an analogy: data collection within 
the framework of an existing paradigm is like a hunter pursuing a prey, while with-
out the guidance of a paradigm it rather resembles going for fishing in a lake to see 
what comes out [6]. In the absence of a paradigm, lots of data may be available but 
they are extremely complicated to interpret, and the general pattern and the main 
principles are vague; several currents of reasoning compete without agreement on 
which phenomena are worth studying, and no single current of reasoning can offer 
a more general view of the field.

2  The Scientific Method as a Point of Departure in Aging Research
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2.2  �A Pragmatic Approach to the Scientific Method

In comparison with philosophers, working scientists are more realistic and con-
formist, and are satisfied with an approximated scientific method that in the first 
place must be applicable to their daily research activities. The structure of the scien-
tific method, in its most basic form, can be summarized as successive repetitions of 
the following sequence, see Fig. 2.1:

Observation→Taxonomy→Working Hypothesis→Prediction→Empirical 
Verification

In the observation phase, relevant data about a natural phenomenon of interest 
are recognized. The taxonomy stage detects and classifies regular patterns in the 
data. The inductioni phase enables the researcher to generalize and simplify these 
patterns in one or more theoretical hypotheses to explain the phenomenon. 
Abductionii is a type of logical inference that is used to select the most probable 
hypothesis from a set of possible hypotheses to explain a given phenomenon. 
Applying deductiveiii logic to the working hypothesis allows to derive predictions, 
which can be verified with the results of carefully controlled experiments. A con-
trolled experiment is one where a certain (independent) variable is manipulated to 
study the consequent changes in another (dependent) variable. It is preferable that 

Fig. 2.1  The process of scientific reasoning is iterative and alternates between deduction, induc-
tion and abduction. Induction generalizes observed patterns in nature in theoretical models. 
Abduction selects the most probable working hypothesis from a set of hypotheses to explain an 
observed phenomenon. Using deduction, predictions are made from the hypothesis to be verified 
with data from controlled experiments, so that the hypothesis can be checked and corrected if 
necessary
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all the other variables stay constant to avoid confounding factors. When new obser-
vations are made, and new experimental data are obtained, the working hypothesis 
may be retained, modified or refuted. It is assumed that the repetition of the sequence 
… → Observation → Taxonomy → New Hypothesis → Prediction → Experimental 
Verification → ... will converge to an accurate description of the true state of Nature 
[6, 8–10].

According to the great German quantum physicist Werner Heisenberg (1901–
1976) science does not provide an objective explanation of Nature; rather, it 
describes what is exposed of Nature through the specific method of questioning 
being used [11]. This results in the following paradox: how is it possible to reconcile 
the apparent and profound success of science with the problem that scientific objec-
tivity might be an elusive ideal because of the inherent subjectivity in perception? 
Science depends less on absolute objectivity than is thought traditionally. It can be 
argued that scientists are in the first-place pragmatists: the challenge is to use meth-
ods and assumptions, bearing in mind that they are subjective and imperfect, and at 
the same time try to obtain an as objective as possible understanding of the patterns 
and principles of Nature [6]. Certainly, any scientific investigation must necessarily 
use a biased scale to weigh and evaluate data because all scales are biased; but if we 
are fully conscious of the bias in the scale, it can be used effectively. To increase the 
precision of the scale, we need to know the sources of error. To achieve this, we 
need to understand the limits of our methods and it is important to understand, too, 
how the process of perception affects our observations and thus be able to recognize 
our own biases.

A first step toward the recognition of biases in research is complete transpar-
ency, or full disclosure, to reveal all the elements and steps taken to arrive at a 
scientific conclusion. Already Aristotle was interested in the transparency of sci-
entific reasoning: “What is it that goes in so that scientific conclusions come 
out?” he asked. A modern model of transparency is the PEL model [9], see 
Fig.  2.2 The first element of the PEL model is the list of presuppositions (P), 
which offers a basic and indispensable image of the system being studied. The 
presuppositions are important because they enable one to restrict the set of all 
possible hypotheses, which are infinite, to a limited set. Without constraint, the 
set of possible hypotheses would be infinite and it would be impossible to reject 
all the absurd hypotheses and keep the realistic ones, based on the finite quantity 
of empirical evidence accessible to us. Presuppositions do not differentiate 
between the credibility of each of the realistic hypotheses because the presuppo-
sitions are what all hypotheses have in common. On the other hand, evidence (E) 
is data that can distinguish among the different hypotheses. Finally, logic (L) 
combines the premises of presuppositions and evidence with logical reasoning 
(deduction, induction and abduction) to arrive at a conclusion. Importantly, it 
must be always acknowledged the ubiquitous uncertainty that exists even in the 
most exact descriptions.

The scientific method and its companion from daily life, common sense, are 
always confronted with uncertainty being sensitive to levels of certainty: every-
thing exists on a spectrum between mere conjecture and absolute certainty. The 
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aim of the scientific method is to localize a theory within this spectrum; when 
evidence accumulates, the position of the theory on the spectrum can change. To 
increase our confidence in a hypothesis large numbers and varieties of different 
tests are necessary. One good way to gain confidence in a hypothesis is to verify 
how it fits within a coherent network of other theoretical statements and experi-
mental claims. The concept of a coherent network of ideas plays an important role 
within the scientific method. The most important requisite for coherency is logical 
consistency because a network of knowledge does not tolerate contradiction. This 
does not mean that inconsistencies that persist in diverse scientific specialties can-
not exist, but when such inconsistencies are found they need to be studied and, in 
the end, usually give way to new scientific discoveries; that is why contradictions 
in science cannot be ignored. In addition to being consistent, scientific claims 
should be cooperative, which means that they need to generate connections 
between different ideas, such that a new claim in one field of science can play the 
role of an auxiliary theory in the same or in other scientific disciplines. There is a 
variety of links between different theories, resulting in an interrelated and coherent 
network of scientific claims. When evidence accumulates and a new theory 
becomes better interconnected with other theories, the classification of this theory 
as uncertain slowly disappears and the theory converges toward the side of cer-
tainty on the spectrum. When a hypothesis arrives at equilibrium within a network 
of scientific knowledge, confidence in its certainty is established; this is also part 
of the scientific method [2, 12].

Fig. 2.2  Complete transparency, or full disclosure, of a research project according to the PEL 
model. The set of all hypotheses is infinite. The presuppositions (P) enable to discard unrealistic 
hypotheses. The evidence (E) allows to choose a proper working hypothesis. Logic (L) combines 
the presuppositions and the evidence to arrive at a conclusion
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2.3  �The Scientific Method in the Modern Context 
of Complex Systems and Applied to the Complex 
Problem of Human Aging

One of the oldest research questions of humankind has been to explain the immense 
diversity of objects and phenomena met in daily experience. Different strategies 
exist to investigate this ontology, or basic view of what exists in the world [12]. 
Reductionism is one strategy, where a richer ontology at one level is explained by a 
sparser ontology at a more fundamental level, see Fig. 2.3 As an example, all chemi-
cal elements of Mendeleev’s periodic table, from atomic number 1 (hydrogen H) to 
118 (oganesson Og), can be explained as different combinations of only 3 basic 
building blocks: protons, neutrons and electrons, constitutes by the even more ele-
mentary quarks.

The complementary approach to ontology is emergentism, where one tries to 
understand how basic building blocks and the interactions between them may gen-
erate collective patterns of order at a higher level. As an example, all water consists 
of H2O water molecules, but in order to navigate at sea, it makes more sense to think 
of waves as basic components for the dynamics instead. The reason many indepen-
dent fields of knowledge have developed, from sociology and psychology to biology 

Fig. 2.3  Different fields of knowledge handle different ontologies or “kits of building blocks”. 
Fields that are “higher up” tend to have richer ontologies with a large variety of building blocks. 
At each level, these building blocks can effectively be treated to be basic, although they emerge 
from the sparser and more fundamental building blocks from the field “directly below”. Instead, 
fields are shielded from levels “further down”. Philosophy of science, as discussed in Sect. 2.1, is 
a meta-science, which transcends the knowledge fields mentioned here, and which can be applied 
to investigate the validity of the scientific method followed in each of the specific fields
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and chemistry, instead of reasoning from the most elementary building blocks of 
matter that have been confirmed experimentally (which are the quarks from particle 
physics), is that no field is completely reducible in terms of more fundamental 
fields. In other words, new properties arise or emerge from the collective behavior 
of more basic building blocks and their interactions, and these emerging properties 
cannot be predicted from first principles [13, 14]. These emerging collective proper-
ties may form effective degrees of freedom, such as protons and neutrons, or sea 
waves, and may be basic building blocks for practical purposes within the limits of 
the corresponding level. Effective theories built upon these effective degrees of free-
dom are shielded from effects from more elementary levels, which implies that 
effective theories stay true forever, even when profound new scientific advances are 
made. More general theories (such as Einstein’s general relativity theory) incorpo-
rate previous theories (such as Newtonian gravity) as a special case, but these older 
theories remain valid within the boundaries of applicability for which they were 
originally proposed [12].

One of the most important collective properties is resilience, which is not so easy 
to understand and even more difficult to quantify; it is the antonym of frailty, and it 
can loosely be interpreted as the combination of robustness and adaptability to with-
stand and/or adjust to perturbations from the internal and/or external environment 
[15–20]. The main underlying hypothesis of complexity science is that emergence 
and collectivity in many different fields of knowledge share common properties and 
may be described in a unified way, such that methods borrowed from one discipline 
may be used to understand completely different systems in a completely different 
discipline operating at completely different scales; obviously, one should exert cau-
tion when importing from and exporting to other disciplines as the similarity is at 
the level of the tools and should not be assumed to have any validity beyond that. 
Therefore, one of the great benefits of complexity thinking is that it opens up a new 
interaction between the social and natural sciences and provides a language in 
which the two can communicate [21]. There have been previous attempts towards a 
transdisciplinary approach to science, such as cybernetics [22, 23], general systems 
theory [24] and catastrophe theory [25]; and one of the open questions is whether 
the study of complex dynamical systems will establish itself as a branch of science 
or whether its methods and techniques will be absorbed into the different disciplines 
of mainstream science [21].

Since the 1970s an epidemiological transition has been observed, associated to 
the aging of populations in many countries all over the world, from a predominance 
of acute infectious diseases to a higher prevalence of chronic-degenerative illnesses 
[26]. Acute diseases (e.g., a bacterial infection or a bone fracture) are usually rela-
tively “simple” to diagnose and treat because often it is possible to localize and 
delimit the affected part of the body, and although several risk factors can be in play, 
the causes of the symptoms are quite clear in general. In contrast, chronic-
degenerative illnesses like cancer, diabetes, chronic stress, fibromyalgia, etc. seem 
to be more “complex”. Those afflictions are usually systemic, whereby several 
organs or biological processes are affected simultaneously, and multifactorial, with 
a broad spectrum of risk factors ranging from the microscopic (e.g., genetic 
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predisposition) and mesoscopic (e.g., lifestyle) to the macroscopic (e.g., environ-
ment). Often it is impossible to find a clear cause-effect relationship, possibly due 
to a complicated interaction among the multiple risk factors. It is possible that the 
way the medical world is structured, with a focus on “reductionist” specialization, 
and the way medical research is carried out, with “reductionist” inclusion and exclu-
sion criteria, is not the most suited to deal with the current high prevalence of “com-
plex” diseases [27, 28]. Human aging is another example of a complex problem, and 
the difficulties already arise in defining which are the aspects of aging that one 
wants to study, because different research questions will most probably require dif-
ferent research methods: for example, why do we live as long as we do (longevity); 
why do we grow old (functional decline); why do we die (mortality) [29]? Should 
aging be considered as a pathology or as a natural process [30, 31]? Is aging geneti-
cally programmed and does it have a purpose or is it a probabilistic process corre-
sponding to a random accumulation of molecular and/or cellular defects [32, 33]? 
How can one measure and quantify aging objectively, and what is the difference 
between chronological age and biological age [29]?

One of the reasons for the many ambiguities in aging research mentioned above 
may be that aging is an emerging property that arises at the level of individual 
organs, systems of organs, or at the level of the whole organism from the accumula-
tion of molecular and cellular damage [34–37]. Consequently, single biomarkers are 
improbable to trace the many different aspects affected by the aging process, and 
instead system-level measures need to be defined that stand for the new effective 
degrees of freedom that drive aging. An example of such system-level measures are 
the various frailty scales that have been proposed in recent years, which integrate 
aspects from physical functionality [38] or from cognitive, emotional and social 
functionality and the medical history of the older adult [39], and that successfully 
predict negative age-associated health outcomes. A drawback of these frailty scales 
is that they are symptom-based, such that they only start to be applicable when the 
older adult already has lost part of his/her functionality. Therefore, it is of interest to 
explore whether more fundamental ontological levels, that precede the functionality 
level, such as the level of physiological regulation, allow to assess age-associated 
frailty at a pre-symptomatic stage [40], see Fig. 2.4.

Physiological regulation by the autonomous nervous system has been studied in 
relation to frailty using, e.g., heart rate variability [41] and standardized autonomic 
reflex tests [42]. Other medical disciplines, such as intensive care and palliative 
care, struggle with the similar problem of how to define clinical prognostic scales, 
where vital signs tend to be used for short-term prognosis (hours-days), physical 
functionality for longer-term prognosis (weeks-months), and where more recently 
physiological measures such as heart rate variability have been incorporated to suc-
cessfully improve predictability [43, 44]. Variability of physiological variables can 
be quantified using complexity measures. The loss of complexity hypothesis states 
that physiological variables, such as heart rate, lose variability and complexity with 
aging and disease [45–48]. On the other hand, the hypothesis of early-warning sig-
nals proposes that increased variability may reflect that the system is becoming 
unstable and may collapse [16–20], and high blood pressure variability has indeed 
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been interpreted as a risk factor for health [49]. This apparent contradiction may be 
understood within the context of homeostasis [50], where certain “regulating” phys-
iological variables (e.g., heart rate, respiration dynamics, skin temperature, insulin, 
etc.) are responsible for the adaptive response to perturbations from the outer envi-
ronment to ensure the approximate constancy of other “regulated” physiological 
variables around a specific set point (e.g., blood pressure at 120/80 mmHg, blood 
oxygen saturation at 95%, core temperature at 37 °C, blood glucose concentration 
at 100 mg/dL, etc.) which represents the stability of the inner environment. In opti-
mal conditions of youth and health, regulated variables can be expected to vary 
minimally around a specific set point, whereas regulating variables are character-
ized by a large variability because of their large adaptive capacity; in adverse condi-
tions of aging and/or chronic-degenerative disease, regulating variables lose their 
adaptive capacity which is reflected by a loss of variability of the corresponding 
time series and consequently regulated variables get out of control and the variabil-
ity around their respective set point increases [51–53].

2.4  �Conclusions

It is not the topic which determines whether something under study is scientific or 
not, but rather the way in which it is studied; in other words, whether the study fol-
lows the scientific method. The scientific method is similar to the common sense 
that we use in daily life but with the sequence of the different successive steps 
Observation → Taxonomy → Hypothesis → Prediction → Verification well-articu-
lated and well documented. Whereas philosophers are idealist and try to define an 

Fig. 2.4  Aging and age-associated frailty as an emerging property. Clinical prognostic scales for 
age-associated frailty allow to predict negative health outcomes but are based on specific symp-
toms and/or functional decline. Symptoms are new effective degrees of freedom that emerge from 
alterations in physiological regulatory mechanisms that are more sensible but less specific and that 
could be detected in a pre-symptomatic stage. These alterations themselves may emerge from the 
accumulation of cellular defects
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absolute and universal method, scientists are realists and conformists and are satis-
fied with an approximate and pragmatic approach that can be applied in daily 
practice.

Within the scientific method, two complementary strategies exist, which are 
reductionism and emergentism. The reductionist approach is very successful in 
explaining the wide variety of objects and phenomena (a rich and complicated 
ontology) in terms of only a few simple building blocks and the interactions between 
them (a sparse and simple ontology), e.g., all objects of our daily life can be 
explained as different combinations of only protons, neutrons and electrons. 
Emergence goes the other way around, asking the question whether we can explain 
unexpected complex patterns of order given a set of specific building blocks and 
interactions.

Recently, it has been argued that human ageing and frailty may be emergent 
phenomena, resulting in yet unexplained ways from molecular and cellular defects 
that accumulate over time. If this is true, then it may be important exchange meth-
ods and techniques with other fields of knowledge, such as economy, climate sci-
ence and ecology, where the same basic research questions are being investigated of 
how to deal with emerging complex dynamical systems.

Notes
	i.	 Induction is a tool of logic that simplifies and generalizes patterns observed in 

a limited amount of data into a theoretical principle (hypothesis, law, model, 
conjecture). Induction is a creative and imaginative step associated with the 
inspiration and genius of the researcher. The conclusion does not have absolute 
certainty, but rather a certain level of probability, which depends on the quality 
of the evidence. A classic example of induction is observing that all European 
swans are white and generalizing that all swans must be white. This conclusion 
was shown to be false when black swans were discovered in Australia.

	ii.	 Abduction is a tool of logic that infers a premise from a conclusion. For exam-
ple, since grass becomes wet when it rains, observing wet grass in the morning, 
a good working hypothesis might be that it must have rained during the night. 
Abductive reasoning is prone to the fallacy of affirming the consequent.

	iii.	 Deduction is a tool of logic that allows obtaining conclusions from accepted 
premises. If the first premises are correct, the conclusions are necessarily also 
correct; in other words, the truth of the premises ensures the truth of the 
conclusions.
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Chapter 3
Biomedical Research in Aging

José Mario González-Meljem, Scott Haston, Suchira Gallage, 
and Andrew J. Innes

Abstract  Biomedical research has been instrumental in identifying key molecular 
and cellular changes that occur throughout the aging process, also known as the 
Hallmarks of Aging. Notably, these are shared between humans and several other 
species that have served as models for the study of aging in the laboratory. In this 
chapter, we discuss current knowledge regarding the significance of hallmarks such 
as: decay of stem cell function, acquisition of genomic instability, DNA damage, 
telomere attrition, deregulated nutrient sensing, chronic inflammation and cellular 
senescence. We further describe current methodological issues, experimental tech-
niques and best practices for the study of each hallmark across different in vivo and 
in vitro systems, while also pointing at their limitations. Finally, we provide future 
perspectives for the improvement of experimental designs in biomedical research 
of aging.
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3.1  �Introduction

The main goal of biomedical research is to increase elemental knowledge on the 
functional mechanisms that underlie both normal and pathological life processes, 
with a particular attention to those affecting human health. Aging is one such pro-
cess and occurs widely across organisms. It involves a time-dependent decline in 
function that spans all organizational levels; from biomolecules to cells, tissues and 
organs. As is it also the case for many other biological phenomena, the fundamental 
factors that drive aging in humans appear to be shared to a significant extent with 
other lifeforms such as yeast, nematode worms, fruit flies and rodents. By studying 
the events affecting lifespan and time-dependent health deterioration in these mod-
els, biomedical research has led to the identification of a number of common 
denominators of the aging process [1]. These Hallmarks of Aging, include stem cell 
exhaustion, genomic instability, telomere attrition, epigenetic alterations, deregu-
lated nutrient-sensing, chronic inflammation, and cellular senescence. Due to space 
constraints we are unable to discuss two other important hallmarks of aging: the loss 
of cellular proteostasis and mitochondrial dysfunction. These however have been 
extensively reviewed elsewhere [2, 3].

It is expected that improving our understanding of their role in aging will lead to 
the development of novel care strategies and therapeutics for preventing age-related 
disease in humans. For each hallmark, we present current knowledge regarding their 
importance in aging and focus on discussing methodological aspects such as in vivo 
and in vitro systems, experimental tools and techniques, as well as best practices for 
their application in the context aging. Finally, we will also discuss current limita-
tions of these approaches and provide future perspectives for the field.

3.2  �Stem Cells in Aging

Stem cells (SCs) are characterized by their dual ability to self-renew and differenti-
ate into most, if not all, of a tissue´s specialized cell types [4]. Due to their ability to 
continually replenish a population of tissue-specific progenitors, SCs are crucial for 
growth during embryonic development, regeneration following injury and homeo-
static tissue maintenance in adult life [5, 6]. Typically, adult SCs are thought to be 
essentially immortal, although they are susceptible to damage accumulation during 
life. In order to appropriately function, SCs also require the action of surrounding 
supporting cells which are collectively known as the SC niche [7].

As SCs sit atop the hierarchy of cellular differentiation, any dysfunction has 
significant deleterious consequences to their tissue of residence. It is therefore 
thought that loss of adult SCs or their functional decline over time results in the tis-
sue and organ dysfunction that is observed in old age. This view is supported by the 
numerous aging phenotypes described in SCs of the intestine, brain, muscle, skin, 
germline and hematopoietic system, among others [8]. Although the aging 
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phenotypes of SCs can vary depending on the tissue context, many SCs display 
conserved characteristics including: support by a niche, unique metabolic require-
ments, telomerase expression (to prevent replicative exhaustion), cycling between 
quiescent and activated states, and asymmetric distribution of macromolecules dur-
ing differentiation [9]. Importantly, these common SC characteristics are known to 
be perturbed in normal aging by the processes further described in this chapter (e.g. 
senescence, DNA damage, epigenetics). The role and biology of stem cells in aging 
has been exhaustively reviewed elsewhere [8, 10–13].

3.2.1  �Identifying Stem Cells

The SC definition requires the experimental demonstration that the candidate cell is 
undifferentiated, able to self-renew (i.e. to divide-indefinitely) and capable to give 
rise to a tissue’s specialized cell types [4, 14]. Experimental approaches such as 
flow cytometry analysis [15], in vitro clonogenicity and differentiation assays [16], 
immunohistochemistry [17], transplantation studies [18, 19] and genetic lineage 
tracing [20] have been employed to identify SC populations in most organ and tis-
sue systems. The variability of the SC phenotype has led to the development of 
specific approaches depending on the tissue in question. Both functional and tran-
scriptomic profiling studies have yielded a plethora of biomarkers used for the isola-
tion and identification of various adult SC populations in vivo [17]. It should be 
noted however, that SC biomarkers should not be over-relied upon, especially in 
aging studies. Many SC biomarkers are commonly identified in young or develop-
ing animals and the utility of these markers in aged organisms should not be assumed 
to be unequivocal. For example, in the human hippocampus the expression of some 
neural stem cell/progenitor markers is not affected with age, however a significant 
decrease directly was found in the expression of the proliferation marker Ki67 and 
other neuronal markers [21]. This suggests that the simple presence of SC markers 
is uninformative with respect to their function and that conclusions should not be 
directly drawn from studies on younger SC compartments.

Following the identification of a potential SC population, they can be trans-
planted to a host animal to test their ability to self-renew and differentiate [18, 19, 
22]. Coupling transplantation with genetic cell labeling allows the tracing of SC fate 
over time and provides the ability to ascertain a SC’s potential for differentiation 
and self-renewal. Genetic cell ablation studies in which the putative SC is selec-
tively killed can also be conducted to demonstrate tissue loss of homeostatic/regen-
erative potential [23, 24]. Following this, transplantation experiments can be 
performed where the candidate SC can be returned to the depleted tissue to test for 
functional recovery. Experiments involving Cre-Lox genetic lineage tracing [20] 
and/or cell ablation [25] studies must be careful to investigate whether the promoter 
selected to drive gene expression is specific to the SC compartment. This prevents 
potentially labelling/killing differentiated cells and obtaining confounding results. 
Specificity can be demonstrated by examining the co-localization of reporter 
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expression with SC and differentiation markers by immunohistochemistry soon 
after activation of the reporter in the putative SC compartment.

3.2.2  �Technical Considerations for Studying Stem Cell Aging

Aging can impact SC populations in several ways, including a reduction or increase 
in SC numbers, reduced proliferative capacity and skewed, or absent, differentiation 
capacity [8, 12, 13]. These consequences are not mutually exclusive and vary 
depending on the tissue. SC function is impacted upon by their present intrinsic 
properties as well as the extrinsic effects of their niche and circulating factors [14]. 
As these intrinsic and extrinsic factors are affected with age, they are important 
variables to consider and disassociate when investigating SC aging, especially in the 
context of cultured SCs in which many extrinsic factors will be unlike those in vivo. 
Comparisons of the impact of aging on adult SCs from different tissues has revealed 
varying characteristics which are both cell-intrinsic and extrinsic [8].

In vitro analysis for speculative SCs is most commonly performed through clo-
nogenicity and differentiation assays. Clonogenicity assays assess the ability of a 
population of cells to form colonies during in vitro culture [16]. However, this tech-
nique has several limitations when used in isolation. For example, non-SC popula-
tions in the tissue of interest may have sufficient proliferative potential to form 
colonies or the culture media may not have the necessary composition to promote 
SC growth. The latter point is also pertinent for in vitro differentiation experiments 
in which SCs are induced to differentiate into a more specialized cell type along a 
defined lineage. Media composition not mimicking the extrinsic SC niche cues may 
prevent effective differentiation, or conversely, a cultured cell may be induced to 
differentiate in an artificial manner not resembling an in vivo scenario [26]. In regard 
to aging studies, providing the same extrinsic factors to young and old SCs may be 
informative in understanding the intrinsic or extrinsic nature of a given aging phe-
notype. However, the failure to adequately reproduce the systemic and niche derived 
factors can result in misleading interpretations. For example, Neural SCs (NSCs) 
decrease in number during aging, resulting in reduced neurogenesis [27, 28]. 
Nevertheless, functional in vitro analysis did not show significant differences 
between young and aged NSCs, suggesting that a cell-extrinsic mechanism is 
involved in their regulation [29].

This notion is supported by experiments conducted through heterochronic para-
biosis, an experimental surgical procedure in which two age-mismatched animals 
have their circulatory systems surgically attached. Using this approach, it was 
shown that proliferative decay of aged NSCs can be ameliorated by a younger 
animal´s systemic factors [30–32]. Additionally, heterochronic parabiosis experi-
ments provided evidence that systemic factors can also regulate tissue aging in 
muscle and liver [33, 34]. A potential improvement to this technique would be to 
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couple it with genetic cell labeling to evaluate blood chimerism or the contribution 
of SC populations from the experimental animals to tissue regeneration.

Transplantation studies have been a powerful tool in SC biology. They allow the 
in vivo assessment of self-renewal and differentiation of immunophenotypically-
defined cell populations through transplantation into their target tissue [18, 19, 22]. 
This technique has significant advantages over in vitro assays due the normal physi-
ological support that an in vivo system offers. Aging research has taken advantage 
of this system by performing transplantation experiments between animals differing 
in chronological age (known as heterochronic transplantation) [18, 35]. This 
approach has revealed the importance of intrinsic factors in regulating the function 
of hematopoietic stem cells during aging [18, 22, 36–41], whereas cell-extrinsic 
mechanisms predominantly seem to affect the function of satellite SCs in aging 
skeletal muscle [34, 35, 42, 43].

3.3  �Genomic Instability, DNA-damage and Telomere 
Attrition

The occurrence of somatic mutations is common throughout a cell´s lifetime. They 
can be the result of endogenous events such as DNA replication errors or oxidative 
stress, or from extrinsic physical, chemical or biological insults [44]. If left 
unchecked, these errors can lead to gene-specific misregulation, or trigger the acti-
vation of cell cycle arrest or cell death pathways. The impact of these events at a 
cellular level are thought to contribute to the aging phenotype by limiting cellular 
fitness, depleting stem cells pools and thereby limiting regenerative capacity. This 
ultimately leads to organ function impairment, predisposing to numerous age-
associated pathologies [45]. While the types of lesions arising from these genotoxic 
insults are highly diverse, complex mechanisms exist to safely repair most of them 
[44]. Although the accumulation of DNA damage is a hallmark of aging [1], it 
remains unclear whether it is the result of an increased incidence of genotoxic 
insults, impaired DNA repair capacity or more likely, a combination of both [46].

DNA damage can be assessed using the comet tail assay [47] or by immunostain-
ing against proteins that accumulate upon DNA damage such as 53BP1 or γH2AX 
[48]. While global changes in the expression of these proteins can be detected in 
whole-cell lysates by Western Blot (WB), the visualization and quantification of 
discrete foci can be achieved by immunofluorescence and high-resolution micros-
copy [49, 50]. In the case of telomere length, a number of approaches are available 
including Southern Blotting (SB) of telomere restricted fragments, fluorescent in 
situ hybridization (FISH), qPCR and co-staining of DNA-damage markers with 
telomere specific proteins (e.g. TRF1 or TRF2) [51].
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3.3.1  �Human Disorders of Premature Aging and DNA-damage 
Repair

Research exploring many of the premature aging, and DNA-damage repair syn-
dromes in humans has furthered the understanding of the consequences of accumu-
lating DNA damage with age. While the direct contribution of the specific 
pathognomonic defects to physiological aging remains unclear, collectively they 
serve as both evidence of a causative role of DNA damage in aging, as well as pro-
viding targets for the generation of in vivo models to study the aging process 
(Table 3.1).

3.3.2  �Animal Models for the Study of Premature Aging Driven 
by DNA-damage

In terms of modelling human aging in vivo, mice are the most commonly used spe-
cies as they share a similar aging phenotype. They display however, disproportion-
ately long telomeres in comparison to humans, which may limit their relevance in 
the context of telomere attrition-driven DNA damage. Arguably, simply allowing 
mice to grow old naturally derives the most physiologically relevant model, but this 
is time consuming, costly and susceptible to heterogeneity. There are therefore a 
host of murine models in which this process is accelerated (Table 3.2). Some of 
these are closely based on the genetics of human premature aging syndromes, such 
as Hutchinson-Gilford Progeria Syndrome (HGPS) and Werner’s Syndrome (WS), 
which recapitulate many aspects of the human disease and display several specific 
features of aging. Others are more global models, such as Telomerase Reverse 
Transcriptase (TERT) deficient mice [59, 60], that generate critically short telo-
meres after serial generations, or Bub1bH/H mice [60], that have impaired mitotic 
checkpoint function and develop a rapid, global aging phenotype. The multifactorial 
nature of aging is exemplified by the crossing of telomerase-deficient and WS mice, 
where the combination of telomere attrition and impaired DNA repair results in a 
more rapid progeria phenotype than either model alone [62], suggesting that inter-
play between multiple pathways is responsible for DNA damage-driven aging.

Genomic instability, DNA damage and telomere attrition are core features of 
aging. While the study of human syndromes of DNA damage and their related ani-
mal models has provided useful insights into the phenotypic consequences of these 
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Table 3.1  Human premature aging disorders associated with DNA damage

Name
Predominant clinical 
features Genetic lesion

Similarities / 
Discrepancies with 
physiological aging (PA) Reference

Laminopathies
Progeria 
(Hutchinson-
Gilford 
Progeria 
Syndrome 
(HGPS)

Growth impairment, 
cardiovascular disease, 
skeletal dysplasia, 
lipodystrophy, alopecia, 
skin and nail defects, 
joint contractures, 
premature death (2nd–3rd 
decade).

Sporadic 
autosomal 
dominant 
point 
mutations in 
the LMNA 
gene, resulting 
in activation 
of a cryptic 
splice site and 
an in-frame 
50AA 
deletion.

HGPS is a prototypic 
premature aging 
syndrome.

[52, 53]

RecQ disorders
Werner’s 
Syndrome 
(WS)

Short stature (absent 
adolescent growth 
spurt), skin atrophy, 
bird-like faces, 
lipodystrophy, hair 
greying, cataracts, 
Achilles tendon 
ulceration, type 2 
diabetes, cardiovascular 
disease, osteoporosis, 
hypogonadism, 
malignancy, premature 
death (5th to 6th decade).

Loss of 
function 
(LOF) 
mutation in 
WRN gene

Generally considered a 
premature aging 
syndrome. Minor 
disparities include: 1) 
Cataracts seen in WS are 
typically posterior 
sub-capsular cf. nuclear 
with PA. 2) The 
malignancies seen with 
WS are not those typical 
of PA. 3) The increased 
CVD seen is WS is not 
associated with 
hypertension as it is in 
PA. 4) Osteoporosis is 
more common in distal 
limbs in WS rather than 
the vertebral column as in 
PA.

[54]

Telomeropathies
Dyskeratosis 
Congenita

Core features (≥80%): 
leukoplakia, nail 
dystrophy, 
hyperpigmentaion, bone 
marrow failure, 
premature death.

Numerous 
mutations: 
Mutations in 
DKC1 gene, a 
telomerase 
component 
gene (TERC, 
TERT, 
NOP10, 
NHP2, or 
TCAB1) or a 
shelterin 
component 
(TINF2).

DKC encompasses a 
spectrum of disorders 
with the common feature 
of impaired telomere 
maintenance. As a result, 
this group is clinically 
heterogeneous, and while 
many features of DKC 
mimic PA, the 
predominant feature, and 
most frequent cause of 
death is bone marrow 
failure.

[55, 56]

(continued)
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Table 3.1  (continued)

Name
Predominant clinical 
features Genetic lesion

Similarities / 
Discrepancies with 
physiological aging (PA) Reference

Other DNA damage syndromes
Cockayne 
syndrome 
(CS)

Cachectic dwarfism, 
severe neurological 
manifestations 
(microcephaly, cognitive 
deficit), cataracts, 
sensorineural deafness, 
pigmentary retinopathy, 
photosensitivity, joint 
contractures, accelerated 
hypertension, aortic root 
dilatation and 
cardiomyopathy, 
premature death (2nd 
decade)

Two main 
groups: CSA 
due to LOF 
mutations in 
ERCC8; CSB 
due to LOF 
mutations on 
ERCC6.

Hearing loss and deafness 
in CS are akin to PA, as is 
hypertension with its 
associated end organ 
damage. Although 
mitochondrial pathology 
is a feature of PA, it 
appears significantly 
accelerated in CS. No 
associated increase in 
malignancy in CS in 
contrast to other 
nucleotide excision repair 
defects and PA.

[57]

Fanconi 
anemia (FA)

Myelodysplastic 
syndrome, bone marrow 
failure, acute myeloid 
leukemia, osteoporosis, 
sarcopenia, immune 
deficiency, endocrine 
dysfunction, increased 
susceptibility to 
malignancy.

19 implicated 
genes, 
principally 
DNA repair 
genes.

FA is a collective term for 
a clinically heterogeneous 
group. The predominant 
feature of FA is BMF, 
MDS and 
AML. Typically, MDS 
and AML are PA 
associated diseases with 
median onset of 50 and 
70 years respectively in 
PA, but these occur 
prematurely (10 and 
30 years) in FA. FA 
therefore recapitulates 
bone marrow aging in 
compartmental fashion 
rather than global aging.

[58]

Related syndromes/disorders that are not completely considered to reflect premature aging or 
DNA damage have not been included. HGPS, Hutchinson-Gilford Progeria Syndrome; PA, physi-
ological aging; WS, Werner’s Syndrome; CVD, cardiovascular disease; DKC, Dyskeratosis 
Congenita; CS, Cockayne syndrome; LOF, Loss of function; FA, Fanconi anemia; BMF, bone 
marrow failure; MDS, myelodysplasia; AML, acute myeloid leukemia
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Table 3.2  In vivo models of DNA-damage driven premature aging

Disease /Target Genotype /Lesion Phenotype Reference

Disease Specific Models
Laminopathy models
HGPS LmnaHG knock-in mice. 

Accumulation of 
farnesylated, uncleaved 
progerin.

Heterozygote (LmnaHG/+) shows: 
phenotype onset by 6–8 weeks, 
premature death (50% by 27 weeks), 
lipodystrophy, kyphosis, osteoporosis, 
hair loss, low birth rate. Homozygote 
(LmnaHG/HG) shows: low birth rate, 
severe skeletal abnormalities, death by 
3–4 weeks.

[63, 64]

HGPS Lmna c.1827C>T;p.
Gly609Gly. Point 
mutation resulting in 
splice variant akin to 
HGPS. Progerin 
accumulation.

Heterozygote (LmnaG609G/+) shows: 
phenotype onset by 8 months, death by 
7–9 months. Homozygote (LmnaG609G/

G609G) shows: phenotype onset from 
3 weeks, death by 3–4 months. General 
features: impaired growth, 
lordokyphosis, osteopenia, 
lipodystrophy, cardiovascular 
dysfunction, vascular calcification, 
endocrine dysfunction, accumulation of 
senescent cells, accumulation of 
cellular DNA damage.

[65, 66]

DNA repair syndromes
WS WrnΔhel/Δhel. Homozygous 

helicase domain 
deletion. (Note that 
Wrnnull/null do not exhibit 
a phenotype).

Mild premature aging phenotype, 
higher DNA mutation rate, higher 
reactive oxygen species levels, 
hallmarks of a metabolic syndrome 
(visceral obesity, hypertriglyceridemia, 
type 2 diabetes, increased 
cardiovascular risk), increased rate of 
malignancy, limited lifespan (10-15% 
shorter than controls).

[67–70]

WS WrnΔhel/Δhel / Terc-/-. 
Homozygote helicase 
deletion crossed with 
telomerase deficient 
mice, manifesting in 
critical short telomeres.

Initial phenotype features from 
4 months in G4-6Terc-/- / WrnΔhel/Δhel- and 
include: hair greying, alopecia, 
osteoporosis, type 2 diabetes, cataracts, 
impaired wound healing, impaired 
glucose tolerance, increased rate of 
malignancy, limited lifespan (median 
survival 24 weeks compared to 
96 weeks in control).

[62]

CS Csbm/m. Homozygous 
truncation of the CBS 
(ERCC6) gene resulting 
in CBS deficiency.

Deficient TC-NER photosensitivity, 
growth impairment, mild neurological 
dysfunction, deafness, age-dependent 
blindness, increased susceptibility to 
skin cancer, normal lifespan.

[71, 72]

(continued)

3  Biomedical Research in Aging



34

aberrations, the process of aging is complex and multifactorial, meaning that there 
is not (nor is there ever likely to be) a single robust model.

3.4  �Epigenetics of Aging

Epigenetic mechanisms can control gene expression in a heritable manner without 
altering the underlying DNA sequence. Histone modifications, chromatin reorgani-
zation, DNA methylation and other epigenetic mechanisms are capable of 

Table 3.2  (continued)

Disease /Target Genotype /Lesion Phenotype Reference

Non-disease specific models
Telomerase 
deficient mice

mTR-/-. Homozygote 
deletion of the 
telomerase RNA 
component. Telomere 
attrition manifesting 
with critically short 
telomeres by generation 
4-6.

Sequential telomere shortening with 
generations. No phenotype in early 
generations. Later they show: grey hair, 
alopecia, skin ulceration and dermal 
fibrosis, weight loss, increased 
susceptibility to cancer, impaired 
wound healing, impaired stem cell 
repopulation capacity, myeloid 
skewing, limited lifespan (18 months vs 
24 in control).

[59, 60, 
73–76]

Bub1b (DNA 
replication/cell 
cycle 
checkpoint)

Bub1bH/H. Hypomorphic 
Bub1b. Note that 
Bub1b-/- is 
embryonically lethal, 
while Bub1b-/H die 
perinatally.

Impaired checkpoint and DNA repair, 
accumulation of DNA damage. Normal 
at birth, onset at 3–4 months, 
progressive aneuploidy, cachectic 
dwarfism, lordokyphosis, lipodystrophy, 
cataracts (nuclear), impaired wound 
healing, infertility, reduced lifespan 
(median 6 months).

[61]

Mitochondrial 
DNA damage

PolgAmut /PolgAmut 
knock-in.

Results in accumulation of 
mitochondrial DNA damages and DNA 
deletion. Normal at birth, onset 
25 weeks, kyphosis, alopecia, weight 
loss, osteoporosis, anemia, 
cardiomyopathy, impaired fertility, 
increased mitochondrial mass and 
impaired mitochondrial function, 
reduced lifespan (median 48 weeks).

[77]

HGPS, Hutchinson-Gilford Progeria Syndrome; CVD, cardiovascular disease; DNA, deoxyribo-
nucleic acid; WS, Werner’s Syndrome; CS, Cockayne syndrome; TC-NER, transcription-coupled 
nucleotide excision repair; NER, nucleotide excision repair; AT, Ataxia-telangiectasia; RNA, 
Ribonucleic acid
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dynamically altering gene expression in virtually every cell type and tissue. A 
host of epigenetic changes occur with aging (Table  3.3) [78], and these have 
attracted particular attention because of their reversible nature. This makes them 
potential therapeutic targets for limiting the effects of aging and extend both health- 
and lifespans.

Table 3.3  Epigenetic alterations in aging, with comments on experimental data sources and 
model relevance

Epigenetic 
alteration

Description / Evidence of 
relevance Model system note Reference

Histone Loss General loss of histones in 
aging cells across multiple 
species. Overexpression of 
histone in yeast extends  
lifespan.

Observational data from human 
and murine samples. Functional 
data from yeast.

[79, 80]

Histone 
modifications

Methylation
Yeast and worms show 
global decrease in repressive 
(H3K27me3) and increase in 
activating methylation marks 
(H3K4me3), with resulting 
changes in gene expression 
in aging.

The changes observed in yeast 
and worms are often not 
recapitulated in flies and 
mammals, raising questions 
about their validity in those 
systems. The relationship 
between histone methylation and 
aging in flies and mammals is 
less clear.

[82, 102]

Acetylation
Increased acetylation is 
observed with aging. 
Overexpression of 
deacetylases extends  
lifespan.

The global changes in 
acetylation seen are conserved 
across species. Mouse models of 
overexpression of sirtuin show 
varying degrees of resistance to 
aging, and depletion of SIRT6 
results in a progeria phenotype.

[83, 85, 87, 
88, 
103–107]

Chromatin 
re-organization

Global heterochromatin loss, 
with focal reorganization and 
SAHF formation in 
senescent cells.

Human aging and progeria 
models show global 
heterochromatin loss with focal 
reorganization.  Senescent cells 
undergo chromatin 
reorganization and SAHF 
formations, directly contributing 
to the phenotype. Modulating 
HP1 in Drosophila alters  
lifespan.

[92, 94]

DNA 
Methylation

Global hypomethylation 
associated with aging, but 
with regions of focal 
hypermethylation. No 
evidence that manipulating 
DNA methylation alters 
aging or lifespan.

Lower complexity organisms 
(yeast, worms and flies) have no, 
or limited, DNA methylation. 
Mammalian systems are 
therefore better placed to study 
DNA methylation. All findings 
are observational.

[95, 96]

DNA, deoxyribonucleic acid; SAHF, senescence-associated heterochromatin foci; HP1, hetero-
chromatin protein 1
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3.4.1  �Histone Alterations

Age-associated loss of histone proteins has been described in a number of organisms, 
including humans [79, 80]. While the mechanisms controlling this global histone loss 
remain unclear, it has been possible to show that increasing the histone supply 
extends cell lifespan in yeast, suggesting that the histone dosage is critical [79].

Global changes in histone modifications can be assessed with modification-
specific antibodies visualized by immunostaining or WB. Their functional effects 
however, are best characterized by identifying genes, promoters or other DNA 
regions with which they interact. This is best achieved with chromatin immunopre-
cipitation (ChIP) and qPCR (ChIP-PCR) or Next Generation Sequencing (NGS) 
(ChIP-seq).

The modification of histones by the addition or removal of a methyl or acetyl 
group directly regulates gene expression. Histone methylation can have either acti-
vating or repressive effects on gene expression. In the nematode worm C. elegans, 
researchers found that aging involved a global gain of activating histone methyla-
tion marks (H3K4me3) and loss of repressive marks (H3K27me3), and that restor-
ing their normal levels could extend lifespan [81, 82]. However, the global gain of 
activating marks and loss of repressive ones in aging does not appear to be pre-
served in other species such as flies or mammals [78].

In contrast to histone methylation, the relationship between histone acetylation 
and aging is better established. Evidence suggests that acetylation increases with 
age and inducing hypoacetylation extends life- and healthspan. For example, sper-
midine is a naturally occurring polyamine that induces histone H3 deacetylation 
through inhibition of histone acetyltransferases. The levels of spermidine decline 
with age, and administration of supplemental spermidine extends lifespan in yeast, 
flies, cultured human immune cells and mice [83]. In addition, the role of sirtuins, 
which are NAD-dependent protein deacetylases, has also been extensively studies 
in yeast, worms and mammals. The overexpression of Sir2 was first shown to extend 
lifespan in yeast [84], then worms [85] and flies [86]. Mammalian models also seem 
to show a similar trend, as mice overexpressing different sirtuins display pheno-
types related to delayed aging as improved health, resistance to DNA- and meta-
bolic damage, diminished age-associated changes in the HSC compartment and 
even lifespan extension [87–89].

3.4.2  �Chromatin Reorganization

The physical structure of chromatin has significant impact on gene transcription 
[90]. Heterochromatin is tightly packed DNA and while there are exceptions, these 
regions are typically not transcribed. Besides histone-modifying enzymes, a num-
ber of other factors are capable of controlling heterochromatin and nucleosome 
organization. Notably, some of these are specifically altered in aging, including 
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heterochromatin protein 1a (HP1a), polycomb group proteins and the NuRD com-
plex [91]. The ‘loss of heterochromatin’ model of aging proposes that heterochro-
matin domains established during embryogenesis are gradually lost with age, 
leading to transcription of age-associated genes. The role of impaired heterochro-
matin maintenance aging is supported by data from some of the progeria syndromes 
and functional studies in flies [92, 93]. However, it is important to note that this 
model of global loss of heterochromatin is an oversimplification. As an example, 
one of the most striking features of senescent cells is their chromatin reorganization 
into senescence-associated heterochromatin foci (SAHF), which can be directly 
observed with DNA-specific fluorescent dyes such as 4´6-diamino-2-phenylindole. 
SAHF occur in a coordinated fashion, and directly contribute to the establishment 
of the senescence phenotype, by regulating specific target genes [94]. The relevance 
of senescent cells in aging is discussed in Sect. 3.7.

3.4.3  �DNA Methylation

In addition to histone modifications, DNA can be directly modified to regulate 
expression. Methylation of DNA occurs at cytosine-guanine rich regions (known as 
CpG islands) and is associated with repressed gene expression. While the tech-
niques to study DNA methylation (e.g. bisulfite conversion and sequencing) are 
relatively straightforward [95], many of the model organisms used to study aging 
(e.g. yeasts, worms and flies) have little or no DNA methylation [78], significantly 
hindering functional studies.

The most compelling evidence of an association with aging and DNA methyla-
tion comes directly from human studies. With increasing age, mammalian cells 
undergo global DNA hypomethylation with focal areas of hypermethylation [95], 
particularly at tumor suppressor genes and polycomb targets [97]. Many of these 
features are largely recapitulated in mouse and human progeria syndromes [98, 99], 
and it has been shown that DNA methylation profiles can accurately predict chrono-
logical age, age-related pathologies and mortality [100, 101]. This data is however 
observational, and no experimental data currently exists supporting a direct caus-
ative association between DNA methylation and aging.

3.5  �Deregulated Nutrient Sensing

Nutrient sensing is a well-orchestrated, evolutionary conserved process that is 
essential for the survival of all living beings [108]. Whether it is a simple prokaryote 
or a complex eukaryote, all organisms have the ability to not only sense changes in 
environmental cues, but also to efficiently utilize nutrients present in the environ-
ment for the generation of cellular energy and the building blocks of cells [109]. A 
host of nutrient sensing pathways ensure a fine balance between anabolism when 
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nutrients are abundant, and catabolism, during times of nutrient scarcity. Therefore, 
it is unsurprising that deregulated nutrient sensing is implicated in a range of pathol-
ogies (e.g. obesity, diabetes and cancer) and that is also considered one of the 
Hallmarks of Aging [1]. Nutrient sensing mechanisms vary greatly, and in animals 
they can range from insulin and insulin-like growth factor signaling (IIS) to the 
mechanistic target of rapamycin (mTOR) pathway and the somatotropic axis [108, 
109]. The IIS and mTOR pathways will be the primary focus of this section, as are 
tightly linked and are amongst the most evolutionary conserved pathways that are 
involved in regulating the aging process.

A variety of dietary, genetic and pharmacological approaches have been utilized 
to study the role of nutrient sensing in aging across a range of species. Dietary 
restriction is perhaps the most robust approach to improve healthspan so far, as it 
has been successful in doing so in all tested organisms including primates [110]. In 
addition, intermittent fasting and the recently demonstrated fasting-mimicking diet 
(FMD) have also emerged as potential avenues to improve various aspects of health 
span, including potentially reversing diabetes and ameliorating dementia and cancer 
[111–113]. Importantly, intermittent fasting also improved several markers and risk 
factors of aging and age-related disease in humans [114]. However, several caveats 
remain for interpreting the data in order to understand how these approaches can be 
applied efficiently in a clinical setting. Many outcomes from these fasting regimens 
and FMDs will depend on the duration and severity of the fasting regimen, the type 
of diet used to mimic fasting and the time of onset of the dietary regimen. This is 
crucial since severe caloric restriction could lead to malnutrition and result in dele-
terious effects such as immunosuppression and reduced fecundity. Another major 
hurdle is the practicality of adhering to strict fasting regimes for prolonged periods. 
Thus, there is still a need for pursuing alternative avenues. To this end, genetic and 
pharmacological approaches targeting key regulators of metabolic processes such 
as mTOR or its downstream target, ribosomal protein S6 kinase 1, may pave the 
way for future anti-aging therapeutics [115, 116].

Rapamycin is a naturally occurring inhibitor of mTOR and rapamycin treatment 
is perhaps the most robust chemical intervention able to prolong lifespan in various 
organisms [117]. Similar to dietary regimens, in vivo chemical inhibition experi-
ments require careful consideration of dosage, length of treatment and the onset of 
the chemical intervention, as these will affect the robustness of the findings and 
their relevance for human translation. Nevertheless, rapamycin treatment was shown 
to extend lifespan even if given intermittently in middle-aged mice, suggesting that 
adult-onset treatment is sufficient [115, 118]. Important factors to consider are feed-
ing time of the day and fed status at the moment of sacrifice. In this case, over-night 
fasting provides a common circumvention that ensures all animals will be at a base-
line status for tissue analysis. The genetic background and housing hygiene can also 
have profound effects on the observed phenotype in long-term metabolic and aging 
experiments where the immune system can have a major influence. It should also be 
unsurprising that manipulating many of these metabolic pathways can result in sex-
ually dimorphic phenotypes, thus it is imperative for any aging study to study both 
sexes. For example, rapamycin increased lifespan in females at lower doses than 
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males, possibly due to sexual dimorphisms in drug metabolism [119]. Therefore, 
similar chemical interventions should involve appropriate pharmacodynamic and 
pharmacokinetic evaluations at systemic and target tissue levels across sexes. To 
further highlight this, high doses of intermittent rapamycin treatment to increased 
male lifespan, whereas it failed to do so in females and also shifted cancer incidence 
towards a highly aggressive hematopoietic malignancy [118].

In addition to chemical interventions, genetic manipulation of several conserved 
nutrient sensing pathways has been shown to increase lifespan in different model 
species such as yeast, worms, flies and mice [116, 120–123]. Nevertheless, some 
limitations to these studies must be noted from a methodological perspective. In the 
case of genetically modified mice, many of the reported genetic strategies (e.g. gene 
deletions) are already present during embryonic development, which means that 
some of the observed phenotypes may be confounded by effects on both embryonic 
and early-life development, especially as many of these genes are essential for gen-
eral metabolism and nutrient sensing throughout life. Moreover, these effects might 
render the experimental strategy unviable. As an example, mice with complete 
knockout of mTOR display embryonic lethality. Therefore, future approaches 
should investigate the effects of adult-onset deletion/manipulation of key genes on 
mammalian lifespan, as this would be the basis for future research exploring thera-
peutic intervention in humans. Another useful strategy for circumventing embry-
onic/early life effects is to generate hypomorphic alleles where gene expression is 
significantly diminished but not absent. As an example, mTOR hypomorphic mice 
are viable and show a significant extension in lifespan in both genders [124].

3.6  �Age-related Chronic Inflammation

Chronic, low-level inflammation in the absence of infection (known as “inflammag-
ing”) is tightly related to many age-related pathologies, including frailty syndrome, 
diabetes and cancer [1, 124, 125]. In contrast to an acute inflammatory response that 
is beneficial and promotes tissue repair, this persistent, smoldering inflammation 
associated with aging is deleterious and can cause tissue deterioration. Inflammaging 
is characterized by the elevated secretion of several proinflammatory factors (e.g. 
IL1, IL6, IL8, TNF-α, C-reactive protein and reactive oxygen species) in all tissues. 
A diverse range of stimuli is thought to contribute to age-related tissue and systemic 
inflammation such as accumulation of genomic damage, the senescence-associated 
secretory phenotype (SASP), a defective autophagic response as well as an 
exhausted immune system that can no longer efficiently clear pathogens and dys-
functional host cells [126].

There is a considerable amount of clinical data implicating chronic inflammation 
in aging, including that it can predict changes in body composition, metabolic bal-
ance, energetic consumption and immune response capacity, besides being a highly 
significant risk factor for mortality and disease in older adults [126, 127]. 
Nevertheless, there is a scarcity of experimental evidence supporting inflammaging 
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as a driver of aging and its related diseases. There are however, findings providing 
important causal data. A notable example lies in the NLRP3 inflammasome, a pro-
tein complex activated by a diverse range of age-dependent “danger signals”, 
including lipotoxic free acids, extracellular ATP and reactive oxygen species. 
Importantly, Nlrp3-/- mice show increased healthspan with improved glucose 
homeostasis, bone density, muscle endurance as well as protection against immu-
nosenescence (loss of naïve T-cells and B-cells) [128, 129]. In the future, it will be 
particularly interesting to study the role of inflammatory factors through heteroch-
ronic parabiosis experiments, which have previously illustrated that secreted factors 
present in young blood can rejuvenate cardiac, muscular and cognitive functions in 
old mice [32, 34, 130–132] (see Sect. 3.2, for further discussion on stem cells).

In any case, delineating the sources and causes of age-related inflammation 
remain major issues yet to be addressed. In this sense, cellular senescence has 
recently caught the field’s attention as a potential culprit, or at least contributor, to 
age-related inflammation [126]. As further described in Sect. 3.7, senescent cells 
secrete a vast array of proinflammatory factors and eliminating senescent cells in 
aged mice through semi-genetic or pharmacological approaches leads to the reduc-
tion of proinflammatory factors Il6, Il1a and Tnf [133, 134]. Moreover, the NLPR3 
inflammasome also regulates oncogene-induced senescence and its SASP, therefore 
some of the benefits of the global NLRP3 deletion may be attributed to preventing 
senescence in aging [135].

Age-related inflammation can be assessed by a variety of methods, but it is 
important to combine several approaches to obtain a broader view at tissue and 
organismal levels. For example, a common method to evaluate inflammation in aged 
mammals is to measure pro-inflammatory cytokine levels and absolute number of 
immune cells in the peripheral blood. However, these levels display significant vari-
ability among individuals as expected from naturally aged mice, thus a considerable 
sample size is needed to detect statistically significant differences. Therefore, the 
inflammatory response of the tissue of interest should also be assessed. This can be 
achieved by measuring local gene expression levels of various chemokines, cyto-
kines and surrogate markers of immune cells by quantitative polymerase chain reac-
tion (qPCR), WB, enzyme-linked immunosorbent assay or liquid chromatography 
coupled with mass spectrometry. Additionally, histological assessment of immune 
cell infiltration can also be conducted by immunostaining against common markers 
such as CD3 (T cells), B220 (B cells), F4/80 (macrophages), Ly6G (neutrophils) 
and MHC II [136]. This can be combined with fluorescence-activated cell sorting 
(FACS) to evaluate various immune cell types in more detail. Although observing 
cytokine and chemokine expression at the tissue level has historically proven 
difficult to achieve, novel variants of the RNA in situ hybridization technique have 
provided important solutions to this caveat. One example is the RNAscope® plat-
form, which can be combined with cell-specific immunostaining in order to identify 
which cell type is responsible for secreting proinflammatory factors of interest in 
aged tissues [137].

Overall, chronic inflammation is rapidly being recognized as an important driver 
of aging and age-related pathology, though there is still much to learn about the 
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nature and origin of this inflammatory response. Novel animal models aimed at 
manipulating crucial inflammatory pathways will surely provide essential insight 
into the relationship between inflammation and health span, as well as providing 
evidence supporting therapeutic targeting of this deleterious inflammatory response.

3.7  �Cellular Senescence in Aging

Senescence is a cellular state characterized by an irreversible cell cycle arrest and 
altered gene expression that has been demonstrated to act as a potent tumor-
suppressive mechanism [138, 139]. This phenomenon is induced by various damag-
ing cellular stresses including telomere shortening, a persistently activated 
DNA-damage response [140] and oncogene activation [141]. Senescent cells are 
known to induce pleiotropic effects on neighboring cells through an extensive sec-
retome of pro-inflammatory cytokines, chemokines, extracellular matrix proteases 
and growth factors, which is collectively known as the SASP [142]. While canoni-
cally considered an anti-tumoral mechanism preventing the division of damaged 
cells, recent research has highlighted the involvement of senescent cells in numer-
ous pathological processes, mainly aging and age-associated diseases [143]. 
Notably, senescent cells are observed to over accumulate in most aging tissues. This 
has been well characterized in the lung, liver, skin and spleen of aging mice, pri-
mates and humans [144–146].

The role of cellular senescence during the normal aging process is currently 
debated with two main hypotheses being considered. The first postulates that the 
accumulation of senescent cells and their SASP result in tissue dysfunction leading 
to an aging phenotype. The second view is that senescence may reduce the regen-
erative capacity of adult stem cells, which are necessary for tissue homeostatic bal-
ance. These hypotheses are not necessarily mutually exclusive and may act 
concomitantly during normal aging. Evidence supporting senescence having a caus-
ative role in aging is derived from observations that p16/INK4A-deficient mice, in 
which the senescence program is abrogated, have increased lifespans and reduced 
incidence of age-associated disease. Notably, this effect is also observed in progeroid 
or normal mice when senescent cells are ablated genetically or with chemical com-
pounds that specifically target senescent cells (i.e. senolytics) [147–151]. However, 
further work is required to determine the mechanisms by which senescent cells 
accumulate during aging and their specific effects on the aging tissue 
microenvironment. Until recently, this area of study was confounded by the lack of 
available biomarkers and tools to study these processes in vivo.
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3.7.1  �Cellular Senescence: Lessons From In vitro Research

Over the past 50  years, in vitro research of cellular senescence has established 
essential techniques and principles for the study this phenomenon. As senescent 
cells cannot be grown in culture, an initial challenge was to discover means to 
induce senescence in vitro. A frequently employed technique is the serial passage of 
primary cells until they reach replicative exhaustion, which triggers telomere attri-
tion, DNA damage and senescence [152]. Other strategies aimed at inducing either 
widespread or telomere-specific DNA damage, such as ionizing irradiation [140], 
DNA-damaging drugs [153] or depletion of the shelterin complex [154] are also 
robust inducers of senescence.

The detection of senescent cells relies on markers that reflect several altered 
cellular processes. For example, their inability to proliferate is mainly due to ele-
vated expression of cyclin-dependent kinase inhibitors (CDKi) (e.g. p21/Cip1 and 
p16/INK4A). Other features include cell volume enlargement and expansion of 
the lysosomal compartment, which is reflected by the increased activity of 
Senescence-Associated β-Galactosidase (SA-β-Gal) [146]. The latter is the most 
widely used marker of senescence, although it is not infallible. Senescent cells are 
also observed to up regulate pro-survival and anti-apoptotic factors [155–159], as 
well as markers of DNA damage [160]. Finally, senescent cells activate the SASP 
as a downstream consequence of NF-κB and p38-MAPK signaling [161–163]. 
The complex nature of this phenotype leads then to a crucial methodological con-
sideration: currently there is no single method able to unequivocally identify 
senescent cells [164].

3.7.2  �Common Methods for the In vivo Identification 
of Senescent Cells

During the normal aging process, senescent cells are found to accumulate in tissues 
as evidenced by the increased detection of cells with high SA-β-Gal activity and 
elevated expression of p16/INK4A [146, 165–168]. To date, the best practice for the 
identification of senescent cells in vivo is combining the use of the aforementioned 
markers plus demonstrating absence of proliferation. However, results obtained 
from any single marker should not be deemed definitive, as bona fide senescent cells 
can sometimes lack even some of the most robust markers [169].

Initially, bulk cell populations or tissues can be analyzed for SASP factors, ele-
vated SA-β-Gal activity and CDKi expression by WB or qPCR. This approach has 
been widely used for demonstrating the presence of senescent cell populations in 
vivo [146]. However, such strategies have significant limitations and results should 
be interpreted cautiously. For example, many non-senescent immune cells can dis-
play a pro-inflammatory secretome resembling the SASP. The composition of the 
SASP can also be highly heterogeneous depending on the senescence-inducing 
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stimuli or the “maturity” of the senescent cell, as is the case of some progeroid 
mouse strains which show elevated levels of senescence in their adipose tissues but 
with different SASP composition [147, 170]. Also, it is currently unknown if the 
length of time following the onset of cellular senescence has any qualitative of 
quantitative effect on the SASP. Therefore, further work is required to characterize 
the causes and effects of SASP heterogeneity in different cellular and temporal 
contexts.

The identification of senescent cell populations through analysis of CDKi 
expression also has several limitations. The most widely used markers, p21/Cip1 
and p16/INK4A, are also expressed by many quiescent cell populations [9, 171] or 
aged immune cells [172]. In the case of p16/INK4A, which is considered a more 
robust senescence marker, the lack of reliable antibodies has complicated its detec-
tion both in vivo and in vitro. High levels of SA-β-Gal activity are also found in 
maturing macrophages that can display a pro-inflammatory, SASP-like expression 
signature, possibly to misleading results when analyzing tissues for the presence of 
cellular senescence [146]. Following the identification of potential senescent 
tissues, the senescent cell type should be ascertained through histological approaches 
such as SA-β-Gal staining multiplexed with immunostaining for specific cell-type 
markers, as well as lack of proliferation.

3.7.3  �Novel Tools and Models for the Study of Cellular 
Senescence

The in vivo identification and study of senescent cells has benefited considerably 
from the recent development of genetically engineered mice in which a traceable 
marker is expressed in cells that activate the senescence program. These “senescence-
reporting mice” include p16-3MR [173], INK-ATTAC [147] and p16-LUC [165]. It 
should be taken into account that all of these models are based on the expression of 
p16/INK4A as a senescence biomarker, as this gene can be expressed in non-
senescent cells. Furthermore, each model has intrinsic advantages and disadvan-
tages that should be weighted according to the experimental context. p16-LUC mice 
contain a luciferase knocked-in downstream of the start codon of one endogenous 
p16/INK4A allele [165]. These mice allow for whole-body luciferase imaging, 
which permits the non-invasive global identification of senescent cells during aging. 
However, the luciferase knock-in results in disruption of one copy of p16/INK4A, 
which is a confounding variable that must be considered alongside appropriate con-
trols (e.g. comparing with p16+/- animals).

The other two models, p16-3MR and INK-ATTAC, not only allow the detection 
of senescent cells but also permit specifically ablating them by administering cer-
tain drugs. However, the deleterious effects of continuous drug administration must 
be taken into account for their use in longevity studies. As an advantage, p16-3MR and 
INK-ATTAC do not result in the disruption of one of the endogenous p16/INK4A 
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alleles, while p16-3MR can also be used to non-invasively identify bulk cellular 
senescence in tissues due to the expression of luciferase. Another consideration is 
that since both p16-3MR and INK-ATTAC use different promoter elements, it may 
be possible that their expression differs depending on cellular context and/or 
senescence-inducing stimuli. The mechanism of cell ablation in both models also 
differs, meaning that each may be more efficient at inducing apoptosis depending 
on the context. As both p16-3MR and INK-ATTAC harbor fluorescent reporters, 
FACS isolation of senescent cell populations can be performed, which can be fur-
ther investigated by qPCR and WB for SASP expression. This can permit a more 
refined comparison of the senescent state across varying age and tissue. Furthermore, 
single-cell RNA sequencing can also be performed, allowing for data to be obtained 
on the transcriptomic heterogeneity of individual senescent cells.

New non-genetic tools for studying cellular senescence have also been gener-
ated. For example, mesoporous silica nanoparticles capped with galacto-
oligosaccharides (GOS) have been used in vitro to label senescent cells [174]. These 
nanoparticles take advantage of the increased β-Galactosidase activity of senescent 
cells to remove the GOS cap, specifically releasing their cargo within them. The 
nanoparticles can be filled with dyes such as rhodamine to allow identification of 
the senescent cells or with genotoxic drugs to ablate them. This tool is potentially 
advantageous, as it removes the need for breeding of senescence-reporters onto 
experimental genetic backgrounds and it possesses versatility as the nanoparticles 
can be filled with a variety of molecules for probing the location and function 
of senescent cell populations. However, further research is required to ascertain 
their utility in vivo, while the effects of off-target cargo release should also be char-
acterized (for example in macrophages), as they could potentially impact health and 
lifespan in aging studies.

3.8  �Conclusions

Biomedical research has been instrumental in developing our understanding of the 
molecular and cellular hallmarks that characterize aging, which are conserved 
among humans and various other species. During the last decade, both in vivo and 
in vitro experimental approaches have been applied in these model species, in order 
to characterize the role of these hallmarks, as well as their underlying mechanisms. 
However, many challenges remain for basic aging research from a methodological 
standpoint. An obvious caveat is the fact that lower life forms lack the complexity 
of higher mammalian systems. Therefore, some of these models lack one or more 
features that are considered of importance for aging in humans, such as the absence 
of a complete immune system. Moreover, many of these studies have been con-
ducted in vitro. These systems can certainly be useful in specific contexts, such as 
cell-type specific models for high throughput screening for the discovery of new 
target genes and pathways, or the identification of novel bioactive drugs. However, 
in practical terms, the interpretation of findings produced in such systems should be 
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restricted to the processes that can be addressed by the experimental setup. Given 
that aging is a multifaceted, multi-system disorder, in vivo systems remain the most 
pertinent models for its study from an organismal perspective. Therefore, an impor-
tant next step will be the in vivo demonstration of results that have been mainly 
produced in culture. Still, living animal models also have their limitations, one 
being the highly time-consuming nature of chronological aging experiments in 
mammalian species, our closest relatives. This difficulty has largely prevented the 
independent routine validation of results by different groups in diverse locations, an 
aspect of great importance given the inherent variability of aging studies. However, 
the greatest challenge will be developing a unified understanding of the role of the 
Hallmarks of Aging in longevity and age-related disease, as most of these discover-
ies have been produced in particular mutant animals or experimental models. 
Finally, it must be noted that translational applications are still in their infancy in 
this discipline. Nevertheless, the number of clinical trials as well as biotech compa-
nies involved in developing anti-aging drugs and therapeutics has grown consider-
ably [175], remarking the importance of current and future biomedical research in 
aging (see Chapter 17 for a complete description of Future Research in Aging).
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Chapter 4
Geroscience

Isabel Arrieta-Cruz and Armando Luna-López

Abstract  Geroscience is an emerging discipline that examines the relationship 
between biological mechanisms of aging across different species with the goal of 
understanding the molecular and cellular pathways underlying age-related diseases. 
Geroscience is based upon finding connections between the so called “hallmarks of 
aging”, a term that refers to stress adaptation, epigenetics, inflammation, macromo-
lecular damage, metabolism, proteostasis, stem cells and regeneration as well as 
nutrient sensing to elucidate processes damaged in chronic diseases highly preva-
lent in older people. In this chapter, we tried to explain the origins of Geroscience, 
its relevance to the study of aging and its connection to disease, as well as to empha-
size specific experimental findings that resulted from studies of animal models 
focused in replicating the physiopathological features of age-related diseases such 
as neurodegenerative and cardiovascular diseases, sarcopenia and osteoporosis, 
cancer, diabetes and frailty. Finally, we discussed some potential biomarkers sug-
gested to improve the diagnosis or accelerate the identification of therapeutic targets 
in order to minimize the negative impact of chronic diseases during aging.

Keywords  Geroscience · Biology of aging · Animal models · Age-related diseases

4.1  �Introduction

The aging process has been studied from several perspectives including molecular, 
physiological, geriatric, epidemiological, economic, cultural, psychological and 
social approaches. Currently, the molecular mechanisms underlying aging have 
been delineated through the discovery of various molecular pathways such as 
inflammation, oxidative stress, protein misfolding, cancer progression, hormonal 
and endocrine disruptors, energy metabolism, cell degeneration and death, neuronal 
plasticity, neuronal transmission, gut microbiota, etc., in non-vertebrate models, e.g. 
yeasts, worms and flies as well as in vertebrate models, e.g. zebrafish and mice. 
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These studies have contributed significantly to our understanding of the basis of 
age-related diseases [1].

Traditionally, the normal aging process or its pathophysiological conditions have 
been explored from a fragmentary and partial point of view. To mitigate this limited 
approach Dr. Gordon Lithgow and his scientific group from the Buck Institute for 
Research on Aging, have coined the term Geroscience and advocated the develop-
ment of an emerging discipline also named Geroscience, as an approach for under-
standing the processes of normal aging and age-related diseases through an 
integrative and inclusive point of view encompassing complex interrelationships 
between the fields of basic and medical science [2]. In this chapter, we will discuss 
how the so-called hallmarks of aging are fundamentals to accelerate the diagnosis, 
prognosis and therapeutics of chronic diseases highly prevalent in the aging 
population.

4.2  �Geroscience: The Beginning of a New Discipline

Dr. Felipe Sierra from the National Institute on Aging (NIA) of the United States of 
America (USA) has been a long-time advocate of the scientific discipline known as 
Geroscience, and together with other experts have consolidated a “Geroscience 
Interest Group” (GIG) that already lead to a first international summit meeting held 
in National Institutes of Health, Maryland on 2013. Among the main goals of this 
meeting were: (1) to propose a holistic view of aging to address age-related diseases 
as a group; (2) to share new findings in the field of the biology of aging and assess 
their impact on a single or several age-related diseases; (3) to find connections 
between basic areas of the research such as adaptation to stress, epigenetics, inflam-
mation, macromolecular damage, metabolism, proteostasis, stem cells and regen-
eration, also known collectively as “hallmarks of aging”; (4) to recognize the most 
important dietary, genetic and pharmacological interventions in animals models and 
their contribution to lifespan and healthspan; (5) to develop new animals models of 
aging and, finally (6) promote comparative studies to detect new susceptibility fac-
tors for chronic diseases [3]. A consensus in the scientific community recognizes 
aging as an important risk factor for the development of chronic diseases. Following 
this premise, the GIG of the NIA organized a second Geroscience summit in order 
to discuss how three specific diseases -cancer, HIV/AIDS and diabetes mellitus 
(DM)- are driving aging, a new idea called “Reverse Geroscience”. The main goal 
of this meeting was to explain whether or not chronic diseases are impacting the 
cellular mechanisms grouped as hallmarks of aging in a transitory or permanent 
manner [4].

I. Arrieta-Cruz and A. Luna-López



57

4.3  �Advances in Geroscience: Therapies and Interventions

The main contribution of Geroscience to the study of aging has been to take advan-
tage of the knowledge generated by a multidisciplinary approach. Examples of sub-
jects widely explored by this discipline are: (1) cancer progression.- the 
time-dependent accumulation of cellular damage as well as prolonged exposure to 
carcinogens or genotoxic agents increase the abnormal expression and activity of 
proteins involved in the control of the cell growth and proliferation, modifying cel-
lular senescence and programmed cell death producing the progression of tumors 
[5]; (2) cardiovascular disease.- the surge of macromolecular damage and the 
increase in the generation of reactive oxygen species by mitochondria in cardiac 
cells release an large number of molecular factors that give rise to vascular inflam-
mation, cell senescence, apoptosis, decrease of cell renewal, altered proteostasis, 
reduction of angiogenesis, adverse extracellular matrix remodeling, impaired nitric 
oxide metabolism with endothelial dysfunction, etc., affecting the correct function 
of the heart and vascular system [6]; (3) neurodegenerative diseases.- Alzheimer’s 
disease (AD) and Parkinson’s disease (PD) have been the most studied neurodegen-
erative diseases worldwide and highly associated with aging. Animals models have 
been relevant to understand some pathophysiological features observed in AD or 
PD [7, 8]; (4) sarcopenia and osteoporosis.- the older adults suffer skeletal and 
muscle disorders causing disability and loss of movement significantly affecting 
their daily activities. Aging alters bone formation, accelerates bone resorption, 
enhances sympathetic tone, changes the parathyroid/vitamin D axis, impairs renal 
function, increases the loss of muscle mass and reduces muscle strength, etc., all 
these changes could be explained by the presence of critical molecular determinants 
during aging: excess mitochondrial autophagy, metabolic dysfunction, accumula-
tion of reactive oxygen species and cell senescence in the stem cell pool [9, 10]; (5) 
DM.- several epidemiological studies have suggested that DM has a role in the 
development of dementia. However, the factors linking DM with AD are largely 
unclear. Some of the risk factors proposed to play a role in the neurodegenerative 
process and the progression of the dementia of AD are: hyperglycemia, insulin 
resistance, oxidative stress, activation of inflammatory citokines and damage to the 
micro/macrovascular system; all these factors have also been observed in patients 
with DM [11, 12]; and (6) frailty.- this condition produces changes in the adaptive 
mechanisms that promote resilience and significantly reduces homeostatic capabili-
ties while increasing sensitivity to stress; in consequence a critical number of signs 
and symptoms converge in the same people, these include: muscle weakness, slow-
ness, low physical activity, weight loss and exhaustion –according the frailty pheno-
type. The biological systems most affected by this condition are: endocrine, 
inflammatory, muscle-bone, central and peripheral nervous and immune [13].
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4.4  �Biomarkers of Aging and Age-Related Diseases

Nine molecular biomarkers, known as “hallmarks of aging”, have been identified, 
categorized and related to the aging process, and these are: genomic instability, 
telomere attrition, epigenetic alterations, loss of proteostasis, lack of nutrient sens-
ing, mitochondrial dysfunction, cellular senescence, stem cells exhaustion and 
altered intercellular communication (please refer to chapter 3-Biomedical research 
in aging; for a complete description of the hallmarks of aging). These biomarkers 
could help to understand the variables that accelerate, delay or diminish the aging 
process [14]. In the following sections, we will briefly describe main biomarkers 
identified and proposed for discerning some chronic diseases associated to aging.

4.4.1  �Biomarkers for Neurodegenerative Diseases

Biomarkers suggested for AD are the loss of proteostasis and protein misfolding 
mainly observed in the beta-amyloid peptides and amyloid precursor protein pro-
ducing amyloid plaques [15] or by an abnormal hyperphosphorylation of tau protein 
inducing the formation of neurofibrillar tangles in specific brain areas [16]. Double 
Strand DNA Breaks (DSB) is another interesting biomarker for AD, because in 
human brains of patients with AD a high content of DSB has been observed in com-
parison with normal patients [17]. On the other side, dysfunctional synaptic trans-
mission is a way to evaluate cellular communication; consequently, the detection of 
neurogranin, a neuronal protein which participates in synaptic signaling through the 
regulation of calmodulin availability, could be one of the most interesting and newer 
promising biomarker for the diagnostic and prognosis of AD [18]. PD is character-
ized for the loss of dopaminergic neurons in brain areas called basal ganglia and 
substantia nigra, in addition to the presence of Lewy bodies, which are composed by 
abnormal deposits of a protein called alpha-synuclein. This protein has been pro-
posed as a main biomarker in PD [19]. Other proteins proposed as biomarkers of PD 
are Parkin, DJ-1 and LRKK2, which are involved in the maintenance of membrane 
potential of the mitochondria. Any modification or changes in their molecular func-
tions alters ATP synthesis and produces an aberrant assembly of complexes in the 
mitochondria thus generating a deficient cellular communication in neurons of the 
brain areas affected by PD [20, 21].

4.4.2  �Biomarkers for Muscle Disorders

Sarcopenia is characterized by a significant decrease in muscle mass and strength, 
as well as slow physical performance [22]. One of the biomarkers more studied in 
sarcopenia is myosin heavy chain protein, a protein involved in myogenesis [23]. 
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The maintenance of muscle mass depends on the balance between apoptosis and the 
mechanisms of regeneration. Thus, some biomarkers proposed to assess apoptosis 
are caspase 3, apoptosis-inducing factor, Apaf1, Bax and DSB proteins [24]; while 
proteins for detecting muscular regeneration as Pax7 and Pax3 or for identifying 
early or late myogenesis as MyoD or Myf5 have been proposed to detect the loss of 
muscle mass [25]. On the other side, muscle satellite cells (SC) are stem cells spe-
cifically localized between basal lamina and sarcolemma of myofibrils, SC partici-
pate in the regeneration of muscle in response to injury and their number decreases 
with aging. For these reasons SC are being considered as a biomarker to detect 
sarcopenia [26]. Finally, mitochondrial dysfunction is a determinant factor in the 
physiopathological events of sarcopenia because the mitochondria contribute sig-
nificantly to energy production for muscle function. The biomarkers identified in 
the mitochondrial dynamics include fusion (Mitofusins: Mfn1 and Mfn2 and 
OPA1), fission (Fis1, Mff y Drp1) and biogenesis (PGC-1α) proteins; all of which 
are affected in sarcopenia [27].

4.4.3  �Biomarkers for Bone Diseases

Osteoporosis is a disease characterized by low bone mass and deterioration of bone 
tissue. This disease is very common in older adults and is the main cause of bone 
fracture. Recently, biomarkers for bone have been classified into two categories: (1) 
bone formation and (2) bone reabsorption. The first group includes bone-specific 
alkaline phosphatase, procollagen type I N-terminal propeptide and procollagen I 
carboxyterminal propeptide [28]. In the second group, we have: pyridinoline, 
deoxypyridinoline, C-telopeptide, N-terminal telopeptide and tartrate-resistant acid 
phosphatase [29]. A newer biomarker proposed to study bone formation is scleros-
tin, a protein produced by the osteocytes. High levels of sclerostin have been 
detected in patients with high bone mineral density suggesting that this protein 
could be an excellent biomarker for mature osteocytes [30].

4.5  �Perspectives

For a decade, Geroscience has been a fashionable interdisciplinary field with a posi-
tive reception and growing acceptance within the international scientific community 
that concentrates all possible efforts from different disciplines to reduce the nega-
tive impact, disability and progression of the chronic diseases during all the stages 
of aging. Since the birth of Geroscience, biomedical specialists have engaged in the 
study of aging, focusing their attempts to advance knowledge in order to help peo-
ple affected by chronic diseases. The popularity of Geroscience in the gerontologi-
cal and geriatrics world has encouraged the establishment of international scientific 
networks such as the Geroscience Network, integrated by 18 institutions from 
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United States of America [31]. This network includes basic scientists, clinicians, 
and other health professionals with the goal of exchanging ideas in different work-
shops focused on the mechanisms underlying of the aging process. Another exam-
ple is the Geroscience Center for Brain Health and Metabolism (GERO) recently 
created in Chile, where scientists from different disciplines are doing fundamental 
research in close association with clinical fields from neuroscience, molecular biol-
ogy and genetics to develop interventions to slow aging and counteract age-related 
diseases. Lastly, since 2010, Mexico created a national network on aging, health and 
social development to connect scientists interested in the study of the aging from 
different disciplines such as basic science, clinical practice, epidemiological and 
social to integrate and consolidate their advances in favor of the aging people. In 
addition, an international scientific meeting focused on Geroscience was held in 
Mexico City on October 2016, with the goal of emphasizing for the value of study-
ing aging from an integrative point of view.
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Chapter 5
Descriptive Studies in Clinical Gerontology 
and Geriatrics

Mario Ulises Pérez-Zepeda, Lorena Jocabed Rocha Balcázar, 
and Miguel Germán Borda

Abstract  Descriptive studies can be the point of departure for more complex stud-
ies both in geriatrics and in gerontology. The ongoing need of information regarding 
new conditions highly prevalent in the older adults, begins with a thorough descrip-
tion of these phenomenon in addition to the magnitude of them in specific popula-
tions and its associations with other variables. This newly generated knowledge can 
aid the general public and in particular health professionals in identifying these 
emerging conditions and leave aside current stigma that attributes these problems 
only to aging. This chapter will describe the different types of descriptive studies, 
illustrating with current literature both in the field.

Keywords  Descriptive studies · Epidemiology of aging · Case studies · Case 
series

5.1  �Introduction

There is a group of research reports that derive from close observation of clinical 
issues (i.e., taken directly from daily practice), such as case studies and case series. 
The objective of this type of study is to observe and collect data about a given phe-
nomenon in an individual or group of individuals [1]. Alternatively, and closer to 
epidemiology, are studies that look only to the frequency with which a phenomenon 
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is present, most often illnesses in a fixed place and time, such as prevalence studies 
and ecological studies [2]. These studies may be derived either from new data (e.g., 
clinical observations or records) or from databases (e.g., national surveys or files 
from health systems). Depending on the number of subjects and the presence of a 
reference group (or all of the subjects exposed to risk of suffering from the condi-
tion), descriptive studies are divided into: case studies, case series, ecological, sur-
veillance and prevalence studies. Only the latter contemplates taking an entire group 
of exposed subjects to learn the frequency with which the phenomenon of interest 
occurs in all of that population. They cannot yield data of causality, but they can be 
analytical and show associations; in addition to the description of new conditions 
(see Chap. 12 for Health Systems Research in Aging).

5.2  �Case Study

This is the simplest design that can be made in clinical research where, from 
observation, an individual or clinical case is described, due to its novelty. 
Uncommon cases, not-well described conditions, strange outcomes, newly devel-
oped interventions; are examples of categories that are reported under the cate-
gory of case study. In the case of studies of aging, an example is dementia, having 
a number of novel interventions described or different outcomes or features of 
this disease. Moreover, some illnesses are considered to be uncommon in older 
adults compared to other age groups (e.g., autoimmune disorders). For example, 
a recently diagnosed case of Conn syndrome in an adult 95 year of age is a rare 
case in its own right, although the illness itself is not rare. Additionally, some ill-
nesses and syndromes are overlooked in the elderly though as obvious or undiag-
nosed. For example, in the case of frailty and oropharyngeal dysphagia that are 
widely known as important causes of several complications but set aside with 
lower relevance.

Due to the increasing number of subjects of extreme age, the report of cases of 
different illnesses is useful for increasing available knowledge about the different 
manifestations that an older adult could present with an illness that is rare for this 
age group and also how special and specific interventions for detecting and treat 
some geriatric syndromes that usually are overlooked could have an impact on bet-
ter outcomes. Unlike prevalence studies, case studies may have a follow-up on the 
subject to learn the nature of the illness described; this aspect is shared in the case 
series design.

In the example chosen to illustrate a case study from the set of older adults, a 
case is described of systemic lupus erythematosus accompanied by primary biliary 
cirrhosis [3]. The illness in other age groups is not common, and much less so in 
older adults, so that in the description of the particular characteristics found, new 
knowledge from the case may be learned.

M. U. Pérez-Zepeda et al.



65

5.3  �Case Series

This type of report groups similar cases that are presented during a fixed period of 
time. When similar cases of an illness are presented over a short time (days or weeks) 
they could raise an alert for an epidemic [2]. In the case of older adults, a case series 
could be a substitute for clinical cohorts that require a larger number of subjects and 
that are difficult to put together in these age groups. As with the case study, defini-
tions are very important; if no standard and accepted definition is available, the cases 
should be described completely instead of using a newly developed tag [4].

Both in this type of reporting and in the case studies, it is usual to review the 
available literature on the topic that supports the conclusions arrived at through the 
case or cases presented. These narrative reviews; provide a general overview of the 
topic being studied and used terminology that eventually would lead to a standard-
ized description of the problem.

The case series do not report only illnesses; they might also report on the devel-
opment of a new intervention or therapy, or adverse effects of these, as in the exam-
ple shown below. In that report, six cases of infections of the joints following 
injections in the knee joint are presented [5]. In addition to clinical cases, it is also 
possible that cases with a more social or gerontological focus could be reported.

5.4  �Prevalence

This type of study gives valuable information about how representative a condition 
is within a given population. It provides the basis for formulating hypotheses and 
also for running strategies that could impact the health of the population, for exam-
ple public health policies. To have external validity, prevalence studies must start 
with a representative sample of the population to which it refers. In the recent years, 
several countries have been interested in cross-sectional studies due to the necessity 
to know the current status of their older population, which have had a huge impact 
on their internal policies. In aging research, there are a number of studies that have 
representative samples of different countries; these studies will be further reviewed 
in the chapter about longitudinal studies and cohorts (Chap. 8).

However, representative samples are not always possible in the case of older 
adults, since there are subgroups within this age group that are clearly differentiated 
from the rest, having a higher frequency of problems or illnesses, and the higher the 
age the higher will be the proportion of a particular illness. Therefore, when doing 
prevalence studies in older adults, not only the time and place of taking data must 
always be specified, but also the age group being referred to and whether there is a 
sampling strategy to avoid a misleading increase or decrease in groups of very 
advanced age. Knowing the type of place where the sample of older adults was 
taken is also very relevant in this age group because it is not the same to determine 
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the prevalence of geriatric syndromes in residents of a personal care home as in 
ambulatory adults, since a larger prevalence of geriatric syndromes would always be 
found in nursing homes than in the ambulatory population [6].

One of the most common problems the researcher finds when developing preva-
lence studies in the senior citizen population is the lack of widely accepted defini-
tions of some of the conditions (see Chap. 2 for a discussion on taxonomy). Although 
this has been improving over time, as more consensuses are reached about the prob-
lems that concern the old, there is still a wide margin in the way in which geriatric 
processes are defined. One of the most common examples is frailty, where a multi-
plicity of definitions has been used, resulting in prevalence reports that differ enor-
mously from one another, beyond the population variability itself [7].

Despite what these reports might contain arising from the records, many of the 
problems the researchers are trying to resolve might not be specified in the docu-
ments consulted, either because they are dealing with a recently defined condition 
or because the condition had a different name in earlier times. For example, in a 
1990 article by Thorslund and collaborators, they were looking for the prevalence 
of protein energy malnutrition in older outpatient adults. However, the definitions 
used in this study make it almost impossible to compare the results with the current 
concepts. Moreover, some of the criteria used for this condition might today be 
considered as part of frailty (inflammatory markers and skin test anergy) or sarco-
penia (calorie and protein malnutrition). Even though it is an excellent study, its 
usefulness is questionable when trying to translate this knowledge to the present [8], 
or when trying to have a clear picture of the dimension on malnutrition in that par-
ticular population. In addition to the previously mentioned term (frailty), there is no 
agreement on the definition of the term sarcopenia, and there are many definitions 
that might be found in the literature as well as with a number of other conditions [9].

However, as the world faces an increase in the older population accompanied by 
a core of knowledge generated by research in these issues, a more accurate picture 
is generated. Therefore, it is necessary to keep studying, measuring and tracking 
prevalence of the different geriatric conditions –and also of the well-known chronic 
diseases– due to its dynamism and importance. All with the aim of creating more 
and better interventions for prevention, diagnosis and treatment.

5.5  �Other Descriptive Studies

Some texts include within this category what ecological and surveillance studies 
[2]. Ecological studies correlate phenomena in populations, not in individuals. In 
the example presented below, visits to an emergency room are correlated with envi-
ronmental pollution; a positive correlation is found between the number of visits to 
an emergency ward and the level of pollution [10]. On the other hand, surveillance 
studies describe the appearance of a given phenomenon. In the example presented, 
a system for monitoring falls is implemented, which enables researchers to learn the 
frequency of falls within a specific community. While it might appear as a study of 
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cohorts, in monitoring studies the goal is only to try to describe a phenomenon in 
terms of frequency without putting forward specific hypotheses of causal exposures 
[11, 12].

5.6  �Summaries of Descriptive Studies in Aging Research

5.6.1  �Prevalence

Sarcopenia is a problem that is increasingly identified among older adults. An algo-
rithm was recently developed to identify this condition. The objective of a recent 
study was to determine the prevalence of sarcopenia in a group of senior citizens in 
Mexico City using the algorithm for sarcopenia of the European working group. A 
cross-sectional study was carried out on community-dwelling older adults, using a 
sample of 345 adults 70 years of age or older. With the goal of determining the pres-
ence of sarcopenia, muscular mass and strength were measured as well as physical 
performance. Muscular mass was measured by the circumference of the calf, mus-
cular force by the strength of the grip, and physical performance by the speed of 
walking. The cutoff points used were as those suggested in the same European algo-
rithm. A total of 116 (33.6%) of the subjects were found with sarcopenia, 75 (48.5%) 
of them women and 41 (27.4%) of them men, with higher prevalence in subjects 
80 years of age or older (50.4%). Sarcopenic obesity was found in five subjects 
(1.4%), moderate sarcopenia in 21 patients (6%) and severe sarcopenia in 94 sub-
jects (27.2%).

This study along many others on the topic of sarcopenia shows the actual diffi-
culty that researchers and clinicians face when trying to define a recently described 
condition, even that a clear definition was used, this is only one of about one dozen 
of definitions of this condition. Therefore, and appropriate description of how this 
algorithm was implemented is expected to be in the manuscript [9, 13].

5.6.2  �Case Study

5.6.2.1  �Case 1

A 69 years old woman without a family history of autoimmune illness, only a his-
tory of hypertension, presented with transient arthralgia and arthritis over the previ-
ous 4 years. Later, she showed sensitivity to light, malar rash, and diffuse discoid 
lesions on her trunk and face, for which she was seeking medical attention. In addi-
tion, she reported a loss of weight of approximately 3 kg over the previous 3 months. 
The physical examination showed only synovitis of the wrists. The laboratory 
results were as follows: hyperglobulinemia (20 g/L), lymphopenia (850 cells/mm3); 
with platelets, creatinine, and a general exam of urine normal. The immunology 
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profile confirmed: positivity in the antinuclear antibodies with titer 1:400 and anti-
dsDNA 115  IU /mL, with serum complement normal. The following antibodies 
were negative: anti-La, anti-cardiolipin, lupus anticoagulant, anti-SM, anti-RNP, 
anti-SCL-70, anticentromere, rheumatoid factor, and anti-citrullinated peptide. 
With the foregoing, it was concluded that systemic lupus erythematosus (presence 
of 6 from 11 criteria of the American College of Rheumatology for lupus) was 
present.

One year later she developed liver dysfunction. The abdominal examination 
revealed hepatosplenomegaly, liver function tests found double the normal values. 
The antimitocondrial antibodies were positive (1:164), with anti-E2 positive frac-
tion. Serology tests for the hepatitis B and hepatitis C virus were negative. The find-
ings were consistent with the diagnosis of primary biliary cirrhosis so that, for 
testing and staging, a liver biopsy was carried out, which corroborated the diagnosis 
and was classified as being in stage 1. Treatment was given with 600 mg per day of 
ursodeoxycholic acid, normalizing liver function tests in a month.

Late onset of systemic lupus erythematosus is relatively rare, with a frequency of 
between 12 and 18%. Although the autoimmune mechanisms behind the association 
of these two autoimmune disorders are not completely understood, there are few 
cases reported for either illness. Moreover, the new onset of these diseases in older 
adults is still very rare, so descriptions found in clinical settings could aid at identi-
fying them in daily routine work [3].

5.6.2.2  �Case 2

A 77-year-old woman admitted to the emergency room for 8 months of solid dys-
phagia, which progressed to aphagia. These symptoms previously raised the need 
for several consultations with a primary care physician and several endoscopies 
without finding a cause. After that, she was also evaluated by a psychiatrist who 
discarded mental illness as an etiology for her symptoms. Her physical exam showed 
generalized hypotrophy and secondary functional limitation. The general appear-
ance of the patient oriented the clinicians to a possible diagnosis of sarcopenia. Her 
cognitive status was normal according to the screening tests, but she had a positive 
screening for malnutrition and dysphagia. Blood tests showed severe hypoalbumin-
emia, and barium swallow test was abnormal. Consensus diagnoses among the 
Units of Geriatric, Gastroenterology and Psychiatry were, functional oropharyngeal 
dysphagia, severe protein energetic malnutrition and unstable functional decline. 
Thus, a multidisciplinary approach and treatment were started focused on the deglu-
tition process, allowing the patient to achieve an improvement. She was discharged 
from the hospital with ambulatory physical, respiratory and speech therapy, nutri-
tional supplements, fractioned semi-soft diet/five per day, outpatient control with 
geriatrics and nutrition and strong educational base for the patient and the family 
focused on good habits and safe ways of eating and feeding. In the following 2 
months after discharge, the patient was eating pureed and low-consistency food by 
herself with an improvement in her functionality and nutritional status. This case 
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with follow-up shows the importance of having in mind the existence of oropharyn-
geal dysphagia and the good impact that its multidisciplinary approach and treat-
ment can have [14]. This whole case pointed to potential new condition: sarcopenic 
dysphagia.

5.6.3  �Case Series

Intra-articular injections of corticosteroids and hyaluronic acid in the knee are 
widely practiced as a conservative treatment for osteoarthritis. However, there are 
related side effects, in particular with the corticosteroids, mainly from infections. 
The microorganism most commonly found is Staphylococcus aureus, with the occa-
sional participation of other organisms, including other strands of staphylococci and 
anaerobic bacteria.

In this report, the median age of the group was 75 years (64–87 years). Most of 
the patients had significant comorbidity. Three of the patients were treated with 
corticosteroids, and the other three with hyaluronic acid. All of the patients arrived 
to the emergency room 1–5 days after the injection. The main manifestations were 
pain, swelling of the extremities involved and difficulty walking. None of the older 
adults had fever at first.

The physical examination of the six patients revealed inflammation of the 
affected knee and pain with its movement (active and passive). Analysis of the syno-
vial fluid revealed a lightly elevated white cell count (mostly neutrophils) in four of 
the patients; only two had positive Gram stain. Most patients had elevated erythro-
cyte sedimentation rate and C-reactive protein.

The resultant bacteria in the synovial fluid culture were staphylococcus or strep-
tococcus. One patient had a sterile culture, probably because of oral antibiotic treat-
ment before being admitted. Antibiotic treatment with cefazolin was started. It was 
adjusted according to the results of the culture. All of the patients were submitted to 
surgical treatment. In four of the patients the surgical intervention was carried out 
within the first 24 h. One patient, 64 years of age, refused surgery during the first 2 
weeks of hospitalization and was initially treated only with antibiotics. Given that 
the condition did not improve, the patient finally consented and was intervened.

Three of the six patients were submitted to more than one surgery. Four patients 
were treated with formal arthrotomy and two with arthroscopy. The intraoperative 
findings in all cases were synovial congestion and purulent material. One patient, 
man 86 years of age, was admitted to the intensive care unit following the operation 
after his second arthrotomy with progressive sepsis. Later he developed septic 
shock. He was again taken to the operating room for an urgent supracondylar ampu-
tation. He continued to deteriorate and finally died of septic shock.

Post-surgery, all the patients were treated in the same way: the antibiotics were 
administered for 4 to 6 weeks after surgery, the knees were immobilized for 3 days 
after surgery and were submitted to physiotherapy, drainage continued for several 
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days. The median hospital stay was 22.5 days (9–40 days). The infection was finally 
resolved in five patients.

Intra-articular injection of the knee is not an inoffensive procedure and may be 
harmful and potentially fatal. In addition, its long-term benefit continues to be ques-
tionable. This report shows rich information on septic arthritis secondary to intra-
articular injections. This could give valuable information to clinicians on what to 
expect or bring up ideas to make new studies about the topic in researchers [5].

5.6.4  �Ecological Studies

The objective of this study was to investigate the effect of daily levels of air pollu-
tion (levels of carbon monoxide, nitrogen dioxide, ozone, sulfur dioxide and other 
particles with an aerodynamic profile ≤10 microns) in morbidity and correlation 
with the daily number of visits to the emergency rooms due to lower respiratory ill-
ness in persons older than 64 years of age in the city of Sao Paulo, Brazil between 
1996 and 1998. Generalized Poisson additive regression models were used and 
adjusted for the long-term trend and the climate, the days of the week and the daily 
number of admissions. Ozone and sulfur dioxide were the pollutants associated 
with visits to emergency department in older adults. These results reinforce the idea 
that air contamination can promote adverse health outcomes in older adults.

In this example, the interaction between pollutants and health conditions seem to 
be related. Even though it provides with information, the descriptive nature of the 
study precludes from having any conclusion, and further studies with other designs 
could evidence if the association is true [10].

5.6.5  �Surveillance Studies

Falls are the main cause of fatal and non-fatal injuries among older people in the 
United States. Despite the importance of injuries caused by falls, epidemiological 
studies of them among older persons have not identified either their causes or the 
means of preventing them. Therefore, a system of monitoring was established in the 
community in Miami Beach, Florida, as part of a study to evaluate falls among old 
people. A total of 1827 events of injury from falls were produced in this community 
between July 1985 and June 1986. More than 85% (1567) of the persons who fell 
received attention in an emergency room (the main source of information). The 
other cases were identified from one of the three sources utilized: reports from fire-
men, medical registers of hospitalized patients or from the medical report of the 
doctor who first provided primary care. Most of the falls (97%) were listed as 
accidental.

More than 100 persons sought medical assistance because of a fall every month. 
The moment of the injury was known by 68% (1244) of the persons who fell. 
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Seventy-four percent of these falls (921) occurred during daylight hours. Fifty-four 
percent of the falls (986) occurred in or near the house, and 38% of them recorded 
the specific place in the home where the fall took place: 42% occurred in the bed-
room, 34% in the bathroom, 9% in the kitchen, 5% on the stairs, 4% in the living 
room and the other 6% in other areas. This monitoring system helped to clarify the 
causes of older adult’s falls and identified the efforts of appropriate prevention. This 
study describes the different features of falls on a specific community of older 
adults. More than establishing inferences, the main goal of these studies is just to 
describe what to expect of a certain phenomenon [12].

5.7  �Conclusions

While this type of studies does not allow for conclusions or inferences of causality, 
it is useful for describing a phenomenon in its early stages. As well, these studies are 
of low cost and with few ethical implications. As with other age groups, what 
ensures fidelity of information for older adults is planning the study properly, taking 
into account the peculiarities presented by a study on aging. As discussed previ-
ously a field still to be addressed is that of taxonomy, in order to have clear defini-
tions as the initial step in the standardization of data in the aging research field.
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Chapter 6
Qualitative Research in Gerontology 
and Geriatrics

Fernando A. Wagner, Laurens G. Van Sluytman, 
Halaevalu F. Ofahengaue Vakalahi, and Chioma Nwakanma Wosu

Abstract  What makes qualitative research a unique approach is its ability to create 
in-depth knowledge about the topic under study. In this chapter, we first discuss 
qualitative research methods in general. Several approaches exist to conduct quali-
tative research and we examine how these methods can be used to study issues that 
affect older adults, highlighting the relative strengths and weaknesses of these meth-
ods. We present and discuss several data collection strategies: observation, in depth 
interviews, focal discussion groups, diaries and other registries. We also provide a 
few ideas on how to overcome typical challenges faced when using qualitative 
methods to study issues that affect older adults.

Keywords  Qualitative research · In-depth interviews · Sampling strategies in 
qualitative research

6.1  �Introduction

Qualitative research methods are approaches used to conduct research that are quali-
tative in nature. This statement begins to appear more interesting when we ask about 
the specific characteristics of qualitative research in comparison to quantitative 
research. Is it true that all research, whether quantitative or qualitative, holds similar 
characteristics and therefore it is not possible to distinguish their products…? We 
posit that all research shares similar goals of describing, explaining, and predicting 
phenomena, but the scope and methods of qualitative research are different from those 
used in quantitative research. Does that mean that these two forms of research are so 
different that they cannot be used together or cannot form any type of partnership? 
Here, we will disagree. While the goals and methods may be different, qualitative and 
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quantitative research methods are often used together, sometimes simultaneously, and 
other times sequentially (see Chap. 10 on Mixed Methods). The first take-home mes-
sage in this chapter is that quantitative and qualitative research may be used indepen-
dently or interdependently to study issues relevant to older adults.

6.2  �The Niche of Qualitative Research

What makes qualitative research a unique approach is its ability to create in-depth 
knowledge about the topic under study, partly based on its ability to conduct natural-
istic inquiries, but also in its data analysis and reporting tradition of placing emphasis 
on narratives rather than merely numbers and figures. We can also cite the traditional 
research questions for which qualitative research is best suited —namely, when we are 
interested in describing or explaining the how’s and why’s of processes and complex 
behaviors. If a metaphor is adequate, we can say that qualitative researchers engage 
cultural humility [1] to study a problem through an iterative approach, increasingly 
gaining confidence in the nature of the phenomena they seek to understand. Moreover, 
a distinctive characteristic of qualitative research is that data collection is always con-
ducted in consideration of the specific situation of the participant (e.g., meeting the 
participant where she or he is, adapting the duration and timing of interviews or other 
data collection strategies) and the participant as an expert in his/her lived experience.

Several approaches exist for conducting qualitative research and specifically 
with older adults. Creswell (2003) identifies the following methods: narrative, phe-
nomenology, ethnography, case study, and grounded theory, and explains that both 
narrative and phenomenology are best suited for the study of individuals, while case 
studies and grounded theory can be used to explore processes, activities and events, 
while ethnography might be used to learn about culture and shared behaviors [2].

6.3  �Sampling Alternatives

One of the most important ways to increase the usefulness of qualitative research is 
by having adequate sampling plans and procedures [3]. It has been established that 
qualitative research should not attempt to compete with quantitative studies in terms 
of statistical representativity. In fact, what makes qualitative research so attractive and 
useful is the selection of carefully chosen samples to examine the research question(s). 
While there are no definite or exclusive sampling procedures, Hertzog offers helpful 
information for pilot studies [4]. We discuss below a few ideas on how to attain a 
sample that is most useful. In addition, qualitative research has several choices when 
it comes to sampling, including: deviant case sampling, typical case sampling, maxi-
mum variation sampling, respondent-driven sampling (including snowball sampling), 
convenience sampling, negative-case sampling, and key-informant sampling.

The different targets and features of these sampling strategies are discussed by 
Namey and Trotter [5] and summarized in the table below Table 6.1.
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6.4  �Data Collection Strategies

Data collection strategies must correspond to the goals for the study. All in all, the 
main task is to record as accurately as possible the physical setting, participant 
behaviors and interactions, including verbal and non-verbal exchanges [6, 7]. 
Qualitative researchers have several methods to choose when they are developing 
their data collection strategies, in this case, with older adults. These include but are 
not limited to observation (participant and non-participant), in-depth interviews, 
focus group discussions, as well as documents and artifacts analysis.

6.4.1  �Observation

Qualitative research can use a variety of observation strategies to collect data. The 
degree to which the researcher gets involved can vary, depending on the character-
istics of what is being observed, and the relationship with those who are the pro-
tagonists. Participant observation takes into account the potential influence of the 
observer on what is being observed, as well as the potential influence of what is 
being observed on the observer. In any case, the quality of the documentation is of 
outmost importance. In prior times, ethnographers travelled with teams of artists 
that would draw images of objects, people, and context, wrote extensive diaries, and 
even collected specimens of vegetables and animals. There is no doubt that the tech-
nological revolution makes observation much easier, in that, today it is quite easy to 
record conversations and film entire sequences of events. However, we must note 
that regardless of the level of participation, researchers collecting data through 
observation must honor Human Subjects Protection principles. For example, no 
conversation is to be recorded for research purposes without explicit permission of 

Table 6.1  Sample strategies commonly used in qualitative research

Sampling 
strategy Characteristics, Uses

Atypical cases Best when the interest is in identifying specific characteristics that make some 
people special, or different (e.g., migrants, high-achievers, etc.)

Typical cases The researcher attempts to find commonalities in the sample
Maximum 
variation

Cases are selected to represent opposite poles of a continuum (e.g., patients 
who are most and least willing to accept a given treatment).

Respondent-
driven

Such as snow-ball samples, useful when it is difficult to identify and recruit 
participants (e.g., drug use cases), or to work with stigmatized populations 
(e.g., transgender, HIV patients, among others)

Convenience Easiest approach, but researchers need to fight selection bias
Negative-cases Useful to identify characteristics and factors that might decrease the usefulness 

of an intervention, for example.
Key-
informants

Assumes certain people have access to valuable information, or impact groups 
and communities in particular ways.
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those involved. This is critical in research with vulnerable populations including 
older adults (see Chap. 16).

We briefly mentioned earlier the importance of documentation. Field notes can 
help identify and reassess behaviors, situations, or elements that at first sight might 
have been overlooked, inadvertently. An additional consideration is that filed notes 
may help reduce researcher bias, or at least identify it.

6.4.2  �In–Depth Interviews

It is no secret that in qualitative research, the skills and preparedness of the inter-
viewer is paramount. Here, the researcher wants to be prepared to observe and 
record pieces of data that will enable her or him to develop a greater understand-
ing of the interactions and communications that will occur. Interviews can be 
structured or semi-structured, depending on the degree to which the interviewer 
will follow a script with questions, the extent and nature of probes inviting for 
clarification or elaboration on a specific topic. Structured interviews may yield 
data that is easier to merge or compare to other interviews, but semi-structured 
interviews allow for a greater and deeper exploration of participant ideas, experi-
ences, and emotions.

An interview guide must be prepared in advance, including complete informa-
tion on Human Subjects Protection and a series of questions that can generate an 
informational conversation with the participant. These questions can be conceptual-
ized as generating challenges that invite participants to become involved in a natural 
conversation. The prepared interviewer will be able to posit probes inviting the par-
ticipant to expand on issues, clarify the meaning of statements, or even expand on a 
particular item. Hence, the role and contributions from the interviewer cannot be 
overstated.

6.4.3  �Focal Discussion Groups

Traditionally referred to as ‘focus groups’ the term “focal discussion groups” has 
been suggested in community participatory studies, where participants reject being 
seen as “lab rats” or “research subjects” and more as people engaged in a discussion 
about a topic of interest [8, 9]. Thus, the main task of the facilitator of a focal discus-
sion group concerns recruiting individuals who share an interest on a specific topic 
(the discussion cannot refer to a general topic, for the multiplicity of opinions would 
prevent arriving at consensus statements or at least identification of main themes). 
However, it should be mentioned that focal discussion groups are singularly useful 
in identifying how social interactions relate to people’s ideas and decisions, as the 
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researcher can observe, register, and then later analyze patterns of inter-relations 
associated with content, affect, and context during the discussions. No other data 
collection strategy offers such a unique opportunity to observe how interactions 
occur in relation to certain topics and the emergence of collective meanings. For 
example, a trained group facilitator will identify the changes in tone and interaction 
patterns when a controversial topic is introduced, including fear, excitement, or sim-
ply put, rejection.

6.4.4  �Diaries, Documents and Other Registries

Another data collection strategy that may prove useful in qualitative research, espe-
cially with older adults, is the collection of diaries, documents and other systematic 
registries, such as correspondence logs, expense reports, and calendars, among oth-
ers. These data collection methods can be used either on purpose or as a secondary 
source of information. If participants are asked to record information about daily 
activities, the researcher can specify particular targets of interest and even bring 
about preventive measures for potential biases by requesting, for example, that 
records are created at specific times and/or days of the week, or by indicating a 
specific time of the day when the record is to be created (e.g., when having lunch). 
Diaries, documents and other registry data can be obtained from written notes but 
are not limited to such notes because other forms of resources such as telephone 
messages, pictures, and drawings can be used. For example, a study can identify 
factors that impact food intake or diets at nursing homes.

6.5  �Analysis of Qualitative Data

It has been established that qualitative data typically take the form of text, voice, and 
pictures, among others. Unlike quantitative research, often the data analysis process 
is carried out in qualitative research within the data collection process, in an itera-
tive process that is reciprocally informational [10]. The data collection may be 
enhanced or adjusted based on preliminary findings, and the interpretation of the 
data may change as more data are collected. A key point is that data must be inter-
preted to create information and knowledge. Hence, the analysis of qualitative data 
requires a process that transforms the original observations into more systematically 
organized representations [11]. Here are some generic steps for the analysis of data 
discussed by Creswell [2]:(1) Data preparation (e.g., transcribe voice records), (2) 
Get a general sense of the data in a first pass, (3) Coding to create categories, (4) 
Generate a description (of the settings and the categories created in the prior step 
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and identify themes), (5) Determine how the information will be represented, and, 
(6) Interpret the meaning of the data.

Creating categories is really a massive undertaking that merits further discussion 
here. Recall that the main goal of this process is to discover meaningful patterns in 
the data and/or develop a conceptual representation that is grounded in the data and 
speaks to the goals of the study. The challenge is to develop this process in such a 
way that builds credibility to the analysis, and hence coding is a process that must 
be documented. Several approaches to coding exist; however, the one discussed 
here is chosen given its relative simplicity and its ability to leave a “paper trail” (or 
computer files) for documentation [12].

•	 Once focus group sessions or interviews are transcribed, lines in the docu-
ment are numbered to facilitate linking codes and other notes to the original 
text. Specialized qualitative analysis software is available and can be used to 
facilitate the process but cannot substitute the creative work of the research 
team.

•	 “A priori” codes can be created based on the research goals and expertise of the 
research team. “Emergent” codes are identified from the data as the analysis 
progresses. This differentiation underscores the iterative nature of the 
analysis.

•	 The Grounded Theory approach begins by creating “open or initial codes” that 
identify key elements of each transcribed line or phrase; then, creating “con-
cepts” or more general codes; then, creating categories by integrating concepts 
and relating each of these categories to a theoretical model (axial coding), and 
then developing a narrative to explain the interconnection between these catego-
ries (selective coding).

6.6  �Peculiarities of Qualitative Research in Gerontology 
and Geriatrics

Qualitative research uses an approach that is naturalistic and as close to participants 
and their context as possible. These characteristics allow studies to adapt to partici-
pants’ needs. However, the specific characteristics of older adults, their immediate 
social network(s), and their caregivers, must be considered when attempting to 
develop a qualitative study with this population. Although healthcare access and 
other aspects including transportation and physical barriers are powerful determi-
nants of service utilization, as well as for research participation, we will not discuss 
these issues here because they have been discussed in this book elsewhere (Chap. 
12. Health Systems Research for Aging). Yet, other peculiarities need to be taken 
into consideration for qualitative research with older adults. As they may be specific 
to each approach and data collection method so we discuss them separately in the 
following paragraphs.
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6.6.1  �In–Depth Interviews

If properly invited in a culturally competent way, older adults tend to enjoy sharing 
memories and talking about their experiences. But they often do not like being 
rushed. This means that a qualitative researcher needs to be patient and respectful of 
an older participant, and able to skillfully ask probing questions to further explore 
specific areas in a way that will maximize the information collected without disrupt-
ing or disrespecting the participant. Ample time needs to be allotted for in-depth 
interviews. A problematic situation may arise when someone else transports an 
older participant to an interview, for the researcher may also need to take this per-
son’s time and availability into consideration. Other challenges may also include: 
hearing issues, recall problems, comprehension, fatigue, medications that may 
affect mood and alertness, language barriers and other problems.

6.6.2  �Group Activities

Focal group discussions are efficient data collection methods for qualitative research 
focusing on generating collective meanings but the topic must be adequate for this 
method, as well as the characteristics of the participants. If interaction between par-
ticipants is somewhat limited, the focal group discussion may not be the best 
approach. This can happen when language, hearing, and understanding issues are 
present. For this reason, it is even more important than ever to ensure an adequate 
physical space for any qualitative research initiative involving groups of older adults.

Another important consideration is that the facilitator must be able to keep the 
discussion following a natural flow, such that conversations consistently return to 
the home theme, even though natural digressions may occur. The facilitator must 
also actively engage members who may experience reluctance in discussing poten-
tially sensitive issues in a group. In sum, the group facilitator must keep in mind 
participants’ needs for communication, along with the goal of making sure that the 
research questions set for the group are discussed and that collective meanings are 
generated.

6.6.3  �Observation

Several inputs about everyday challenges and opportunities for older adults can be 
gained through observational studies of the type of ethnological research. Many 
questions about family relations, physician-patient interactions, and challenges to 
older adults can only be identified and explained through rigorous, systematic 
observational studies where researchers ‘shadow’ participants through their 

6  Qualitative Research in Gerontology and Geriatrics



80

every-day activities. The researcher here will be continuously presented with the 
challenge of realizing how much closeness or distance he should keep. The issue is 
that it is almost impossible to perform the role of a completely unengaged observer, 
but even more challenging is the fact that the active-participant researcher will nec-
essarily transform what would have naturally occurred had she/he not been involved.

6.7  �Limitations of Qualitative Research

Qualitative research methods have important limitations that can serve as future 
directions. These include (1) the scope of qualitative research as an exercise that 
seeks to produce in-depth knowledge rather than representativeness; (2) in addition, 
qualitative studies’ data processing and analyses require extensive work, especially 
in the preferred scenario that more than one researcher is involved in the analysis of 
data to increase the credibility and trustworthiness of the study; and, (3) the fact that 
qualitative methodologies usually do not seek to collect quantitative data to assess 
the number or proportion of people in a population who have a particular character-
istic or who benefit from a specific program, which in many instances is the main 
concern of program funders and policy makers.

Perhaps the most important limitation of qualitative research is the need to trade-
off depth over breadth [2, 5]. It is true that qualitative methods allow for much more 
flexibility than quantitative methods but collecting and analyzing qualitative data 
can take an enormous amount of effort, resources, and time, and therefore samples 
in qualitative research tend to be small, and not necessarily representative of a popu-
lation. However, representativeness is also a challenging topic for quantitative 
research, with its significant issues in areas such as participation, accuracy, and abil-
ity to retain and follow subjects over time. Indeed, qualitative research commits to 
working with individuals and organizations and invests considerable time and 
energy in establishing and maintaining a strong relationship with participants. Yet, 
it can be argued that this is one of the main threats to the validity of qualitative 
research, the fact that it is too close to the participants to keep the necessary ‘dis-
tance’ to avoid compromising objectivity.

6.8  �Enhancing Rigor in Qualitative Research

Because results of qualitative research are so intrinsically dependent on the research-
er’s ability to record unbiased data, several suggestions are offered here to increase 
the likelihood of adequate data and data analysis procedures.

One of the critical aspects of qualitative research is checking the accuracy of the 
findings. There are many ways in which researchers can use, including triangula-
tion, request confirmation from participants (when possible), self-disclose potential 
biases of the research team, the meaning making process through team discussion 
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of findings, discussion of discrepant information, submit data and findings for eval-
uation by independent referees [13].
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Chapter 7
Case-Control Studies in Aging Research
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Abstract  In the planning phase of research related to age and aging, the quality of 
knowledge derived from epidemiological studies, depends heavily on the solidity of 
the methodological design and the strategies for collecting data designed to answer 
the research question. The classic design of case-control studies distinguishes 
between older adults who have a specific outcome or disease (cases) and those who 
do not (controls) and are determines whether the subjects were exposed or not to 
one or several factors to try to establish, retrospectively (that is, from the effect to 
the cause), the relationship of these factors with the disease. Case-control studies 
are a cost-effective alternative for providing a valid and reasonably precise estimate 
for identifying an association force of a hypothetical relationship cause-effect in 
studies related to older adults. Recently case-control studies have been related 
directly to cohort studies, which enabled researchers to design new patterns for their 
development while obtaining major benefits. The case-control study is the appropri-
ate choice and at times the only alternative for studying diseases of very low inci-
dence in older adults. With this type of study, it is possible to explore a broad range 
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of related exposures to illness. Another important advantage is that they require 
smaller samples and are less costly than experimental designs or cohort studies. 
Among the disadvantages or drawbacks of this type of study is that it can only pro-
vide information about the event or target disease in the population that has been 
selected for carrying out the study.

Keywords  Case-control studies · Cause-effect · Low-incidence studies

7.1  �Introduction

Case-control studies are considered an achievement of modern epidemiology; they 
are defined as a non-experimental epidemiological analytical method for identify-
ing potential causal relationships between the presence of a specific event or disease 
and previous exposures [1, 2]. A case-control study is called for when the research 
question addresses low-frequency events or diseases [3] such as Creutzfeldt-Jakob 
disease in older adults [4], or diseases that have long latency periods such as pros-
tate cancer [5], as well as diseases with multiple potential etiological factors such as 
fall-related fractures [6]. A case-control study is also useful when a prospective 
cohort study is not feasible due to the required follow-up time (Chap. 8), or when 
research subjects are lost, which in the case of older adults is usually due to death 
the vast majority of times.

These study designs can also be used in health problems where a relatively fast 
approach is required and when the exposure or prospective procedure may be uneth-
ical, expensive or due to greater loss of research subjects. For example, in the study 
of the therapeutic use of bisphosphonates for the treatment of osteoporosis and its 
association with an increased risk of ischemic stroke [7].

Therefore, case-control studies are a cost-effective alternative to provide a valid 
and reasonably accurate estimate to identify a strength of association of a hypotheti-
cal cause-effect relationship [8].

7.2  �Case-Control Studies and Design Variants

The classic design of case-control studies distinguishes between older adults who 
have a specific outcome or disease (cases) and those who do not (controls); the latter 
are, ideally, a random sample of the population from which the cases are drawn. It 
then determines whether the subjects were exposed or not to one or several factors 
to try to establish, retrospectively (that is, from the effect to the cause), the relation-
ship of these factors with the disease [1, 9]. Figure 7.1 shows the design of a case-
control study.

Recently, the possibility of combining the strategies of case-control studies and 
cohort studies has been considered (see Chap. 8 for a detailed description of cohort 
studies). This has led to new study designs that have shown a number of advantages, 
mainly regarding the cost of performing the study [8, 10].

S. Sánchez-García et al.



85

A number of variants or hybrid studies have been proposed, such as case-cohort 
studies, nested case-control studies, case-case studies, and proportional mortality 
studies.

In case-cohort studies, cases and controls belong to a specific cohort defined in 
time and space. This allows to estimate the cumulative incidence ratio, since all 
members of the cohort have the same follow-up time and the controls are randomly 
selected from the cohort with which the study was started [10, 11].

An example of this type of design is a study performed on a series of 100 con-
secutive patients subjected to colon (n = 44) or rectal (n = 56) resection in order to 
evaluate the postoperative results of the intravenous administration of fluids and of 
the administration of sodium after colon or rectal resection [11]. This type of study 
is also discussed in Chap. 8.

Nested case-control studies use a sampling scheme known as risk group, in 
which the case is selected from the exposed group. This design is recommended 
for the study of rare diseases in dynamic cohort studies in which determining the 
exposure and changes over time for all members of the cohort would be very 
expensive. An example of this type of study was conducted in Denmark with medi-
cal records from 1989 to 2008 to evaluate the effect of treatment with metformin 
on the risk of breast cancer among peri and postmenopausal women with diabetes 
mellitus type II [12].

Fig. 7.1  Classical design of a case-control study
Left arrow: TIME; past, present. Right arrow: DIRECTION OF THE INVESTIGATION
Cases: Exposed; Non-exposed; Sample with the illness, Population with the illness
Controls: Exposed; Non-exposed; Sample without the illness; Population without the illness
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Case-case studies are useful to determine what the subject was exposed to, in an 
unusual way, before the onset of the disease or event under study. In this type of 
design, individuals serve as their own control. An example of this design is a study 
of the relationship between an acute myocardial infarction and the occurrence of an 
episode of intense anger 2 h before the occurrence of the infarction event, compared 
with two paired self-controls [8, 13].

In proportional mortality studies, the cases are defined by deaths that occurred in 
a population source, while controls consist in deaths that occur in the base popula-
tion but that are not related to exposure. A study conducted by Freedman et al. used 
death certificates to study whether mortality from multiple sclerosis is negatively 
associated with exposure to sunlight [14].

7.3  �Sample Size

Since we start by knowing the subject who had the specific event or disease, the 
important thing is to establish, from the literature, the percentage of cases in which 
there was previous exposure, as well as the percentage with which exposure is pres-
ent in the controls. Both percentages can then be compared and analyzed to deter-
mine the odds ratio or cross products ratio [15–18].

If this information is not available, it can be assumed that the percentage of cases 
with exposure is 50% and a plausible criterion or a clinically important difference 
can be used to estimate whether the proportion of exposure is lower (if it prevents) 
or higher (if it promotes the disease) with respect to the disease or event (cases). 
Likewise, it is necessary to establish a statistical significance value (alpha) of 0.05 
and a statistical power (1-beta) of 0.80 in order to attain statistical validity [16].

In relatively infrequent diseases for which the number of available cases is 
limited, the statistical power of the study can be increased by using multiple con-
trols (two or three for each case); however, when the ratio between controls and 
cases exceeds a value of 4:1, the gain in terms of statistical power becomes very 
small [10].

7.4  �Selection of Cases

To select the cases, it is first necessary to have an operational definition of the event 
or disease that will be studied in order to properly identify the cases of interest [17]. 
An example of this type of operational definition can be found in the study of sarco-
penia in older adults by Baumgartner et al., who defined it as a value equal or lower 
to two standard deviations from the mean of appendicular muscle mass in a repre-
sentative population of young adults (18–40 years of age) [18].
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An operational definition of a disease or event can also be based on a consen-
sual definition. For example, it is possible to use the diagnostic criteria of the 
Diagnostic and Statistical Manual of Mental Disorders of the American Psychiatric 
Association, Fourth Edition to define cases of major depressive disorder in older 
adults [19].

Once the operational definition of the disease or event has been decided, there 
are different alternatives for selecting cases. One of the best methods is to include 
cases only when the event occurs or when the disease of interest is diagnosed, a 
strategy called “incident cases”. This selection method is similar to a cohort study, 
since the cases are representative of all events or diseases of interest in the popula-
tion from which they were obtained [10].

Another strategy is to select older adults already suffering from the disease or 
event of interest; this method is called “prevalent cases.” A disadvantage of this 
method is that the selected episodes will be those with higher survival odds and the 
risk factors of these older adults may not represent those of the total population of 
older adults with the disease or event of interest. Another drawback is the risk of 
memory biases and changes in the history of exposure, including those that arise 
from the clinical course of the disease itself. Furthermore, this selection strategy 
makes it difficult to identify the population from which the cases originate and from 
which the controls will subsequently be obtained [8].

If one has access to the notification records for a certain event or disease in a 
particular population, it is possible to obtain cases from that database, provided that 
the selection criterion is specified. The common procedure is to take a sample and 
not all of the reported cases, except in the case of rare events or diseases. In order to 
gather enough cases of a rare disease or event, it is necessary to use both incident 
and prevalent cases, but they must be analyzed beforehand to ensure that both types 
of cases come from the same population; otherwise, they could lead to wrong con-
clusions [9].

It is possible to implement a strategy for selecting cases in a hospital, as long as 
it can be guaranteed that all or most of the older adults with the event or disease 
under study are treated and diagnosed in a particular hospital and the population to 
which they belong can be identified [20].

An example of a selected sample of “hospital cases” was reported by Suzuki 
et al., who studied the risk factors for hip fractures in older adults in Japan. In that 
study, most cases of hip fracture were diagnosed and treated in 21 hospitals that 
were included in the study because they covered 80% of the Japanese population in 
the year of 1989 [21].

The validity of case-control studies depends on whether the cases included ade-
quately represent the history of exposure of all existing cases, thus avoiding selec-
tion biases, and on the proper registration of exposure antecedents, which allows to 
avoid information biases.
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7.5  �Selection of Controls

Before selecting the controls, it is necessary to identify the population from which 
the cases came, which is not always an easy task. The population can be defined by 
all those older adults who would have been considered as cases if they had devel-
oped the event or disease of interest [9].

The selection of controls must be done independently of their condition as 
exposed or unexposed in order to ensure that they adequately represent the popula-
tion of origin. The latter can be achieved as long as the exposure condition does not 
determine the possibility that an older adult is included in the study as a control. 
This implies that the sample fractions should be the same for exposed and unex-
posed controls; however, in most of these studies, the sample fractions are unknown 
[8, 9].

The probability of a subject to be selected as control must be proportional to the 
time he or she remained eligible to develop the event or disease under study. That is, 
if an older adult migrated or died during the study, it should no longer be eligible to 
be selected as control. One way to account for this is by selecting a control from the 
eligible group each time a case is detected or selected; this is known as risk-group 
selection. This selection scheme ensures that the controls are at risk of developing 
the event at the time they are selected.

This scheme also implies that an older adult selected as a control at an early stage 
of the study could also be selected as a case in later stages of the study [8].

7.6  �Biases

Case-control studies can be subject to various systematic errors, also known as 
biases. Such biases may be present in the procedures used to select and classify the 
cases and controls. Although researchers have a great interest in detecting biases, 
they often remain undetected.

One the most common types of bias in case-control studies is selection bias. As 
is known, the controls must be selected from the same population as the cases so 
that they can be said to represent a certain population. But this is not always true, as 
sometimes, even though the cases and controls belong to the same population, the 
characteristics of the cases differ from those of the general population (controls) 
[22, 23].

Another type of bias occurs when one of the two groups is more strictly observed 
at the time of capturing the results, giving rise to an observation bias. Information 
bias can occur in two ways: as memory limitations and as memory bias. The first is 
due to the variable limits of the ability to remember information, while memory bias 
has its cause in the non-remembrance of some events considered of little or even 
null importance by the subject. These biases can lead a researcher to make errone-
ous associations and thus to reach erroneous conclusions [10, 22].
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In order to counteract the selection bias, Feinstein proposes that each case must 
consecutively fulfill a series of characteristics that each possible case must possess 
to be considered as such. Table 7.1 shows the series of characteristics [24].

7.7  �Advantages and Disadvantages of Case–Control Studies

Cases-control studies are the appropriate choice and sometimes the only alternative 
to study diseases with very low incidence that affect the older adults, as in the case 
of systemic lupus erythematosus in men. This type of study design offers the pos-
sibility of detecting most of the cases of a particular disease in a specialty hospital 
and of subsequently investigating its possible causes, which, in the case of systemic 
lupus erythematosus, may be the consumption of certain medications [25, 26].

In a cohort study, it would be necessary to observe a very large number of older 
men to detect the few incidents of systemic lupus erythematosus in a given popula-
tion, probably placing older adults at risk due to the use of medications, particularly 
those who consume ticlopidine [26], which could induce the development of sys-
temic lupus erythematosus. This would make a cohort study very ineffective, since 
enormous resources and time would have to be invested in the follow-up of older 
men who are free of the disease; moreover, it would have unethical implications.

Case-control studies are also more useful than cohort studies in the case of dis-
eases that, although not so rare, have a prolonged latency period, as in the case of 
bladder and kidney cancer and the study of its possible association with tea con-

Table 7.1  Characteristics of a possible case

YES NO

The patient shows clinical signs?
The patient presents clinical manifestations typical of the event under study.
Are the signals visible?
The clinical manifestation of the event under study shows visible signs.
Is the patient under medical observation?
The patient is under medical observation caused by the event under study.
Is there presumptive diagnosis?
A presumptive diagnosis has been made based on the manifestations of the event.
Did the doctor perform an exploratory examination?
The doctor performed an exploratory examination to confirm the presumptive 
diagnosis.
Was the patient asked to undergo a definitive test?
The patient was asked to undergo a test in order to establish a definitive diagnosis 
of the event.
Was the test performed?
The definitive diagnostic test was performed to confirm the occurrence of the 
event.
Was the result of the test positive?
The definitive test was positive with respect to the occurrence of the event.
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sumption in older adults [27]. A case-control study is better in this case because the 
identified cases have already developed the disease and there is no need to wait for 
the period between exposure (tea consumption) and the manifestation of the disease 
(bladder and kidney cancer).

This type of study design makes it possible to study a wide range of exposures 
related to a given disease, such as the study of risk factors for fall-related fractures 
in older adults [6]. Another very important advantage is that it requires smaller 
samples and is less expensive than experimental designs or cohort studies [8].

Case-control studies can also be used in the assessment of population-based pro-
cedures or interventions, such as the evaluation of the clinical efficacy of a pneumo-
coccal pneumonia vaccine in older adults [28].

One of the disadvantages or drawbacks of this type of study is that it can only 
provide information about the target event or disease in the population that has been 
selected to carry out the study.

In contrast with infectious processes, the causal agents of many chronic diseases 
are unknown, making it difficult to make a diagnosis and to distinguish between 
diseased and non-diseased subjects. The long latency typical of chronic diseases 
allows the involvement of many environmental and constitutional factors, making it 
difficult to determine with precision the moment of exposure to each of them [29]. 

Table 7.2  Advantages and disadvantages of case-control studies

Advantages
They allow for the study of uncommon events and diseases, or those with a long latency period
They can be used when an estimate of prior risk is required to carry out a prospective study
They are faster to carry out
They have lower costs
They require fewer individuals
It is possible to use records as sources of information: Medical records, hospital discharges, 
morbidity statistics (potentially), specialized medical records (cancer and other chronic 
illnesses), records of epidemiological monitoring systems, death certificates or equivalent 
documents.
They pose no risk to individuals
They allow to study multiple potential causes of the event or disease
They can be used to assess population-based procedures or interventions (screening or 
immunization programs)
They can be used to study health conditions that require a relatively fast treatment
They constitute an alternative for when a prospective approach has unethical implications
Disadvantages
They depend on the memory of individuals or information records to determine past exposures 
(memory bias)
The validation of data could be difficult or even impossible
There is a higher chance of selection and information bias
They are not suitable for estimating the prevalence and incidence of an event or disease
The time lapse between exposure and disease cannot be easily established
They make it difficult to make a detailed study of the causal mechanisms of an event or disease
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Another factor that complicates the identification of cases (incidence) is the indefi-
niteness of the time at which clinical manifestations appear after exposure to the 
risk factor, which also varies from one individual to another.

This is important, since it is undeniable that there is a greater chance for bias and 
erroneous inference in this type of study, compared to other designs. The classifica-
tion of exposures is subject to memory biases when making use of information 
recalled by the study subjects, which in this case are older adults [8, 9].

It is known that the loss of memory in older adults is caused by cognitive changes 
associated with normal aging [30], and this could introduce a greater memory bias 
when making use of information recalled by older adults. This bias could be reduced 
by seeking the help of a reliable informant (spouse, child, primary caregiver).

Another disadvantage of case-control studies is that they are not population-
based, and thus the incidence and prevalence of the disease cannot be calculated 
directly [2]. Table 7.2 shows a summary of the advantages and disadvantages of 
case-control studies.

7.8  �Conclusions

In the planning phase of studies related to aging and old age, the quality of knowl-
edge derived from epidemiological studies depends, in an important way, on the 
reliability of the methodological design and the data collection strategies used to 
answer the research question. Case-control studies constitute a cost-effective alter-
native that allow to make valid and reasonably accurate estimates of the strength of 
the association between hypothetical causes and effects in studies of older adults.
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Chapter 8
Longitudinal Studies and Older Adults 
Cohorts

Carmen García-Peña, Claudia Espinel-Bermúdez, Pamela Tella-Vega, 
Mario Ulises Pérez-Zepeda, and Luis Miguel Gutiérrez-Robledo

Abstract  Science never before faced such a complex, dynamic and time-dependent 
process as human aging. Longitudinal studies are a source of fundamental evidence 
of multi-factor changes over time, especially those that have contributed to under-
standing the aging process through research questions related to the course or prog-
nosis of physical or cognitive functioning of older adults, exposure to comorbidity, 
health conditions, and biological, environmental, social or emotional negative or 
positive factors, as well as other questions related to aging.

However, these studies have major methodological challenges to keep the valid-
ity of information between standardized measurements and the generalization of the 
results, especially with the loss of participants due different causes. These difficul-
ties motivated the realization of this chapter where we discussed the role of the 
longitudinal studies on aging, starting with methodological concepts, the impor-
tance of this design in geriatric research and the direction of new research questions, 
we present also a review of classic longitudinal studies taken from literature, which 
enable us to provide examples of scope and methodological implications, finally we 
suggested some strategies about strengthen the validity and generalization of results.

Longitudinal methodology represents a fundamental pillar in geriatric research. 
Its implementation always must to be supported by good planning that takes into 
account-standardized procedures as well as techniques that minimize the probable 
losses during the follow-up having less effect throughout the study.
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8.1  �Introduction

The aging of the population is one of the most remarkable success stories in social 
development and human health. However, scientific understanding of the aging pro-
cess has not developed at the same rate as the growth of the generations of older 
adults and their special health needs.

In this context longitudinal studies take on special importance, especially those 
that have contributed to understanding the dynamics of the aging process by analyz-
ing physiological, psychological, social or environmental variables [1] that are time 
variant. These designs have yielded results on successful aging, longevity, frailty 
and other traits. Thus, geriatric research has been nourished by a diversity of studies 
of an observational and especially a longitudinal nature, oriented to responding to 
the lack of knowledge about the latent changes in different generations of older 
adults, and posing new questions about exceptionally healthy old populations linked 
to the traits of robustness and functioning, in contrast to populations that are frail or 
disabled/dependent, with or without chronic degenerative illnesses [2].

The present chapter will be concerned with discussing the role longitudinal stud-
ies play in the study of aging. First it will analyze the theoretical concept of the 
longitudinal study, and then it will highlight the importance of this design in geriat-
ric research and the direction of new research questions. In the second part we pres-
ent a review of classic longitudinal studies from the literature, which will enable us 
to provide examples of scope and methodological implications, in order to offer 
some strategies to strengthen the validity and generalizing of results.

8.2  �Theoretical Concept of Longitudinal Studies

The broadest notion of longitudinal studies refers to the analysis of a particular 
sample of individuals who show time-dependent patterns of change (variables of 
interest), which require the presence of three conditions: (1) that the data be col-
lected during two or more distinct time periods; (2) that the sample elements (indi-
viduals) are comparable from one period to the other; and (3) that the analysis 
involves comparison of the data between two or more time periods [3].

The chapter will be limited to showing general aspects of observational longitu-
dinal studies, experimental studies like clinical trials or quasi-experimental studies 
are discussed in Chap. 9.

All epidemiological studies may be classified according to the way the informa-
tion search will be oriented. Considerable debate around a unique epidemiological 
studies classification has been present in the medical literature. Pearce for example, 
discusses that all epidemiological studies are bases on a specific population and dur-
ing a specific period of time. Consequently, author argues that the fundamental 
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distinction is between studies of incidence and prevalence [4]. Truth is that there is 
not only one approach and we may to accept that more than one classification is 
needed depending on different purposes.

Related with longitudinal studies, also several perspectives had presented differ-
ent classifications. We present below the most frequently accepted structure and 
characteristics of each one:

Panel studies [5] obtain information by repeated measurements of the same 
group of individuals over fixed periods of time. This kind of study represents the 
conceptual base of a census or national survey carried out within the same popula-
tion, with certain time periodicity to answer questions about the change of latent 
variables through time. It is also used to distinguish permanent characteristics from 
transitory ones of a specific phenomenon, analyze the life conditions of a group 
being studied, or differentiate intergenerational changes that are presented in a stage 
of life. These could be functional dependency, retirement from the labor force or 
characteristics of longevity in a population, as well as others. Caruana et  al. [6] 
separate panel studies in three types: i) cohort panels, where some or all individuals 
with similar exposures or impacts are considered over time, ii) representative pan-
els, where data are collected for a random sample regularly and iii) linked panels, 
where data collected for other purposes is tapped and linked to form individual-
specific datasets.

One of its main weaknesses is that the sample responses could be subordinated 
to a “period effect,” caused by an unexpected event or general circumstance (epi-
demic, climate change, or civil unrest, for example) at the time of the measure-
ments, which could change the responses issued differentially among the subjects of 
the study. As well, the panel study could have a significant decline in the number of 
responses in each cycle of information collection, losses which would have a cumu-
lative effect on the study’s variables. This is related to the progressive loss of mem-
bers of the sample during the course of the study [5], a phenomenon common to any 
longitudinal study. These losses must be given special consideration in studies on 
aging, where it happens more frequently, since the losses are related to events such 
as address change, death, hospitalization of the participant, or a decision to stop 
participating. It causes the sample to get smaller in each measurement period, a 
phenomenon called “panel fraying” or attrition. Given the importance of this pos-
sibility it will be described in more detail at the end of the chapter.

Trend designs [5] differ from panel studies because they analyze changes through 
time of different individuals in each evaluation period. With this characteristic, the 
data collected are analyzed collectively and not individually. Thus, as the name 
indicates, the information analyzed enables researchers to predict future trends 
about the individuals or the study universe, and the prediction variables may be 
evaluated through time. In this type of study unforeseen factors in the sample sub-
jects are not considered, but the results may be easily influenced by other time-
related variables not considered. For this reason, this type of design must be clearly 
delimited and the information collection strategies must be strictly replicated in 
each measurement period.
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Lastly, the cohort design [7] is the longitudinal study most used on epidemiology 
and clinical research, since it is thought to be closer to experimental studies in terms 
of the search for causality and scientific evidence [8]. However, for the social and 
demographic sciences the cohort study represents the measurement of differences 
or changes in a population (or group) selected according to a common condition or 
experience where the main point is rooted in analysis, together with the population 
and the magnitude of the time-dependent change of events, which is often defined 
by the researcher [3]. This definition has a common denominator with other scien-
tific areas, in that the longitudinal data are compiled in a time sequence that clarifies 
the direction as well as the magnitude of change in the variables.

For epidemiological and clinical research, the cohort design makes it possible to 
check for a cause-effect association through time between the course of an exposure 
and an outcome of interest (event) that is produced over a period of time, where 
each subject makes an individual contribution [9, 10]. Like the other longitudinal 
studies, its objective is to describe the occurrence of time-dependent results [10], 
but the scope of this type of epidemiological study is related more to the incidence 
of phenomena from the composition of the groups for an exposure variable that is 
present or absent among the subjects being studied. It follows through time in a 
prospective or retrospective manner up to the appearance of the event of interest. 
Other cohort design studies worth to mention are case cohort design [11], integrates 
a selection of cases and a smaller set from an original cohort is and the nested case-
control, within a cohort study, where cases and controls are selected from the cohort.

Retrospective cohort study or historical cohort occurs when the investigator 
accesses a historical roster of all exposed and non-exposed persons and then deter-
mines their current case/non-case status. The investigator initiates the study when 
the disease is already established in the cohort of individuals, usually long after the 
original measurement of exposure. In relative longitudinal studies on aging, there 
are few variables that might respond to complex questions related to time changes, 
and the exposure events of interest occurred in the past, in other words before the 
study was begun. That is why the researcher does not have control over the nature 
and quality control of prior measurements or over data that could be important for a 
specific question and that were not gathered in the past. For that reason, the study of 
diverse events in aging such as functioning, cognition, memory, depression, levels 
of physical activity, changes in body composition and others requires a prospective 
methodology that allows the researcher to include changes in the present time from 
their identification in repeated observations, for periods of time established by the 
researcher or until an outcome of interest is presented.

In a prospective cohort design investigator begins by integrating a sample of 
participants, measure some characteristics that can predict an outcome and then fol-
lows these participants and measure them periodically [12].

It must be taken into account that older persons differ from other groups of popu-
lations in several ways. With this in mind, we present a proposal outline of scenarios 
that could be represented in a longitudinal study within the scope of research on 
aging. This outline was prepared taking as a reference the proposal of Fuller for the 
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study of falls among old people [13] and the analysis of levels of complexity present 
in geriatric research among different populations of older people by Faes et al. [1].

Figure 8.1 starts by identifying variables to be evaluated in the study, both in the 
population of interest or group being studied and in the comparison group. At the 
start of the study (present time) initial measurements are made that enable the 
researcher to define the state or presence of specific variables, to show later the 
change of the variables of interest or new outcomes differentiated between the group 
being studied and the comparison group. This makes it possible to identify causal 
relationships between individuals with or without a specific risk factor (cause), and 
to attribute the changes related to the outcomes (effect). Different covariates or 
potential confusing factors that could interrelate among the groups in the follow-up 
are evaluated in parallel, as well as the presence of normal changes in the process of 
aging that are present and interconnected throughout the study in such a way that, if 
the perspective of aging in these studies were not considered, they could establish 
spurious and non-causal relations between the initial state of the variables of inter-
est, their exposure, and their final outcomes [14, 15] (Fig. 8.1).

A clear example of the theoretical concept of this design is presented by the 
Canadian Longitudinal Study on Aging (CLSA). It [16, 17] is considered one of the 
most important studies in present and future geriatrics because it has the possibility 
of following up a representative sample of the Canadian population over 20 years 
and will evaluate many medical and non-medical factors in the aging process (bio-
logical, psychological, social, lifestyle and economic). It will analyze how illness, 
health and well-being are influenced in older adults, and thereby achieve a better 
understanding of aging. The study began recruiting men and women between the 
ages of 45 and 85 years in 2010.

Fig. 8.1  Proposed outline of the scenario of a longitudinal study on aging
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8.3  �Advantages and Disadvantages of Longitudinal Studies

Longitudinal studies present important advantages over other observational designs 
(Table 8.1). It makes it possible to evaluate the incidence of a particular illness or 
outcome and helps when investigating potential causes of a possible outcome, 
whereby evidence is shown from the follow-up of exposed and non-exposed sub-
jects at the moment they present an event being studied for the first time, or when 
it is modified by action of the exposure. In addition, it reduces bias between the 
exposure and the event when observing these sequentially. This type of design 
allows researchers to evaluate multiple results that could be related to the exposure 
factor [15].

Longitudinal studies with older population have helped with the understanding 
of the many complicated relationships among primary and secondary risk factors 
and health outcomes. Given that older adults have an increasing risk of adverse 
outcomes (of death and disability, for example) compared with other age groups, 
and numerous physio-pathological processes can be almost simultaneous, longitu-
dinal observation of the facts during aging is of great value for scientific research [1, 
2, 18, 19].

On the other hand, longitudinal studies share the disadvantages of observational 
studies. The interpretation of causal relationships can always be limited by the pres-
ence of many confusing variables. However, longitudinal studies offer the best 
observational option for studying causal inference. Other disadvantages are the lack 
of control in allocation of exposure (the realm of experimental studies), which could 
bring about differential biases in factors related to the occurrence of the event within 
the exposed and non-exposed group [9] and lastly, the follow-up brings with it 
uncontrollable losses for the researcher.

In studies based on the older population, the final statistical power of the sample 
is often affected for many health-related reasons. These could include problems like 
mortality rates of up to 20% per year if people older than 70  years of age are 
included, hospitalization and reports of illness, disablement and accidents, all of 
which commonly account for high rates of non-response and therefore losses for the 

Table 8.1  Advantages and disadvantages of longitudinal studies [6]

Advantages Disadvantages

Establishes cause-effect relationships 
in real time

No differential classification for lack of control in 
assigning of the exposure. Often requires large sample 
sizes

Reduces the presence of biases 
between exposure and the event

Selection bias through losses during the follow-up 
(morbidity or mortality of the seniors)

Evaluates measurements of incidence 
of an event, relative risk, excess risk.

Interdependence of time and variables related to the 
exposure and/or event

Observation of multiple results related 
to an exposure factor

Frequent use of key informants (proxies)

Efficient for unusual exposures Complicated for infrequent events that are presented 
over a long period of time. Often very expensive
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study. As well, unlike what is likely to happen with other age groups, there may be 
causes of a social nature that could affect the quality of the information between 
measurements such as: changes of address, given that old people often move from 
one house to another since they depend on their support and care network, or fre-
quent changes of a key informant with consequent difficulty in obtaining consistent 
and valid information.

The definition of “baseline evaluation” could also constitute a serious dilemma 
when dealing with old people. This is because of a complex interdependence with 
time and relationships among individual factors and measurements of results that 
could fluctuate even at time zero in a study, involving the exposure factor and the 
event being studied, along with other associations of change. These must be taken 
into account for an adequate interpretation of the results. Thus, when working with 
older populations the causal relationships are multiple and bi-directional, and the 
qualification of exposure must be identified with care, based on a solid theoretical 
framework.

The changes or modifications in the exposure factor or added variables that influ-
ence the exposure as much as the event of interest through time require broad and 
organized field logistics as well as more financial resources to maintain the cohort 
[9, 20]. Despite the advantage of being able to study several results, they could turn 
out to be difficult to analyze when one result produces a secondary one, and so on.

In some cases, the chain of causality is not clear or there is no conceptual con-
sensus about certain topics, as is the case for issues like geriatric syndromes, frailty 
and the sequence between functioning and frailty. The inefficiency of longitudinal 
studies for studying “rare” or “low-frequency” events is an important point when 
discussing the senior citizen population. This means data collection requires ex-
tended periods of time during which the possibility increases of encountering cor-
related events that make it difficult to define the predictive factors. For that reason, 
it is fundamental to analyze clearly the type of topic that can be evaluated using this 
methodology, as will be discussed later.

8.4  �The Importance of Longitudinal Studies in Research 
on Aging

It is a fact that aging and its relationship with demographic, social and technological 
changes have created important knowledge needs at every level, especially in the 
area of health. An example of this is the longitudinal study of several pathologies 
with aging that break the classic patterns of its natural history compared with 
younger generations [2]. Another is the study of variables that have a positive impact 
on the health of senior citizens for achieving longevity or successful aging or failing 
to do so, and the presence of events such as loss of functioning, cognitive deteriora-
tion and frailty. These studies help to meet the need for understanding aging from 
different perspectives [21–24].
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With respect to the evaluation of interventions, although controlled clinical trials 
provide most of the evidence for evaluating their effectiveness, this type of design 
faces important ethical and logistical dilemmas, especially when evaluating older 
populations [24]. The presence of cognitive deterioration, multiple morbidity, poly-
pharmacy, and other factors are variables that often limit the inclusion of these par-
ticipants in clinical trials, in addition to the difficulty encountered when using a 
proxy to obtain informed consent [25, 26]. For those reasons observational follow-
up of interventions added to the normal care of old people represents a viable alter-
native to carrying out clinical trials, where longitudinal evaluations of programs are 
especially important.

8.5  �Methodological Scopes and Implications of Longitudinal 
Studies on Aging

Longitudinal studies have made important contributions to understanding aging 
[24], with research questions related to the course or prognosis of physical or cogni-
tive functioning of old people, exposure to comorbidity, health conditions, and bio-
logical, environmental, social or emotional factors both negative and positive. One 
point that has also attracted much interest is the scientific history of large-scale 
longitudinal studies in which groups from young populations have been included 
who are evaluated right through until they reach old age, thus providing evidence of 
latent changes over time and the multiple relationships with their environment. 
Those contributions base their knowledge about the course of life in the older popu-
lation not only on the demographic evolution of the cohorts but on biological 
changes, roles and socio-cultural needs presented through time and dependent on 
the different stages of development of human beings from birth to death [27, 28].

To analyze the changes caused by aging over time and the relevant issues for that 
stage of life, a systematic review that included 51 longitudinal studies of aging was 
taken as a reference point [28], identified from the data base of longitudinal studies 
of the United States federal government’s National Institute on Aging (NIA). This 
enabled the researchers to establish six non-exclusive topics of frequent interest. In 
44% of the studies questions were asked about cognitive function, 51% on health 
and physical performance, 55% on socio-economic status and 63% of the cases 
analyzed predictors of multi-morbidity and mortality. However, it is interesting that 
areas considered important such as health costs or genetic factors were not reported 
among the most frequent themes.

The authors of this review postulate that the guidelines of the longitudinal studies 
on aging should be broader to provide strategic information on health systems for 
the care for old people. Table 8.2 summarizes the topics identified by the authors as 
being those most frequently considered in the studies didactically included in their 
review. For this chapter issues are included in place of variables or measurement 
scales as expressed in Table 8.3 of the original article. Despite the fact that the topics 
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are analyzed relatively frequently, their relationship with other variables is reported 
less frequently. This is the case of the impact of cognitive decline in the results on 
health and the use of services, or the effect of social determinants on quality of life. 
As for clinical questions, what stood out was those biological variables that could 
become predictors of morbidity-mortality as metabolic, hormonal, immunological 
or other measurements that require time-dependent analysis.

To exemplify the approach and methodology of longitudinal studies in aging, we 
present below a review of some of the projects that we believe to be representative 
of this type of study [29–42]. We should mention that the examples presented cor-
respond to follow-up studies more than to the classic epidemiological cohort design 
that include the definition of an exposure. A brief summary of these studies is pre-
sented in Table 8.3. The central themes are similar: identifying functional, social 
and environmental variables as predictors that change outcomes in aging. The aver-
age time of follow-up was 10 years.

In Mexico the study with the longest follow-up is the National Study of Health 
and Aging in Mexico (MHAS) [29] with four measurements over 14 years. The 
MHAS is a panel study representative of the Mexican population of subjects born in 
1951. The purpose of this study is to evaluate the aging process of the Mexican 
population, especially changes in morbidity, disability, intergenerational transfer-
ence systems, migration and economy, for which measurements were carried out. In 
2001, 15,402 interviews were completed, directly or with a proxy, with a response 
rate of 93%. In 2003 the survey included 14,386 subjects, and in 2012 it included 
those interviewed in 2003 plus a new sample of persons born between 1952 and 
1962, for a total of 18,465 persons, the fourth round was completed in 2015. Two 
more waves are prepared for 2018 and 2021.

Table 8.2  Topics related to longitudinal studies on aging [20]

Topics identified Related sub-themes

Cognitive function Age and mortality, cognitive deterioration, mortality and quality of life, 
use of services and results in health, social roles

Socioeconomic 
status

Relationship between functional condition and morbidity-mortality 
analysis among self-perception of physical health, age, sex and conditions 
of life

Health and physical 
performance

Functional association performance and decline of health condition, 
disability as a predictor of mortality, gait speed, grip strength and balance. 
Index of body mass associated with coronary illness, falls, cognitive 
deterioration, hospitalizations and mortality

Predictors of 
morbidity- 
mortality

Relationship of the state of health and mortality, as well as markers of 
Inflammation (CRP, IL-6) as predictors of morbidity-mortality

Costs of health care Individual effects relative to social networks, association between illness 
and dependence, health care of the old person and its impact on frailty and 
mortality

Epigenetics Genetic causes of aging, status of health and genomic sequence associated 
with the state of health, APOE and risk of dementia

CRP=C-reactive protein; IL-6 = interleukin 6

8  Longitudinal Studies and Older Adults Cohorts



104

Table 8.3  Longitudinal studies on aging

Study Population Follow-up Objective

ENASEM-(MHAS in 
English) [29] Mexican 
study on health and 
aging in Mexico

n = 15,402
50 or more 
years of age

2001
2003
2012
2015

To obtain information on various 
characteristics of the objective population 
living in Mexico

ELSA [30] English 
longitudinal study of 
aging

n = 11,391
50 years of age 
or more

2002-to 
present

Multidisciplinary approach related to 
health, well-being, financial and social 
resources, quality of life and 
deoxyribonucleic acid
(DNA) to correlate the samples with 
epidemiological data

HRS [31]
Health and retirement 
study

n= >37,000
50 years of age 
or more

1992-to 
present

To understanding interaction between 
health and social, economic, and 
psychological circumstances, particularly 
with the retirement decisions.

PREHCO [32] The 
Puerto Rican elderly: 
Health conditions

n = 4, 291
60 years of age 
or more

2002
2003
2006
2007

To provide quality data for researchers 
and policy makers about issues affecting 
the elderly population in Puerto Rico

CRELES [33] Costa 
Rican Longevity and 
healthy aging study

n = 2820
Born in 1945 
or before

2005
2007
2009

To determine the duration and quality of 
life, and its causal factors, of the Costa 
Rican elderly

ELSI [34] The 
Brazilian longitudinal 
study of ageing

n = 10,000
50 years of age 
or more

2015-to 
present

To measure outcomes across a wide range 
of domains and to provide high-quality 
multidisciplinary data that can shed light 
on the causes and consequences of 
outcomes of interest.

SHARE [35] The 
survey of health, 
ageing and Retirement 
in Europe

n= >120,000
50 years of age 
or more

2004-to 
present

Micro data on health, socio-economic 
status and social and family networks, 
covers 27 European countries and Israel.

TILDA [40] The Irish 
longitudinal study on 
ageing

n = 8504
50 years of age 
or more

2010-to 
present

To provide and evidence base for 
addressing current and emerging 
concerns associated with aging 
population in Ireland

LASI [37] 
Longitudinal aging 
study in India

n = 60,250
45 years of age 
or more

2012-to 
present

To provide comprehensive longitudinal 
evidence base on health, social and 
economic wellbeing of elderly population 
in India.

CHARLS [36] China 
health and retirement 
longitudinal study

n = 17,500
45 years of age 
or more

2011-to 
present

To collect a high quality nationally 
representative sample of Chinese 
residents.

JSTAR [38] Japanese 
study of aging and 
retirement

n = 4200
Between 50 
and 75 years 
of age

2007
2009
2011

Researchers can track the characteristics 
of the Japanese elderly population in 
terms of both their specificity and 
universality in the world.

(continued)
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The English Longitudinal Study of Aging (ELSA) [30] and the MHAS took rep-
resentative samples from their country of origin. The average age of the cohorts 
when they entered the study was 50 years. As for methodological aspects, the ELSA 
included five measurements at two-year intervals, the first one in March 2002 with 
11,391 subjects and their spouses (n = 708), chosen from the base of participants in 
the Health Survey of England (HES), a transversal survey carried out between 1998 
and 2001. The criteria of eligibility were: having been born before March 1, 1952, 
participated in the HES, and lived in a private house at the time of the first measure-
ment; the last measurement was done in 2011 with 10,317 subjects, with a response 
rate of 78%. The lack of response was minimized from subsequent imputations.

The Health and Retirement Study (HRS) [31] was conducted for 25 years. The 
HRS is a national representative survey of subjects over 50 years of age in the USA, 
provides evidence of psychosocial content and policy changes in addition to the 
expansion into biomarkers and genetics that may affect individuals. The initial HRS 
Cohort (1992), included individuals born between 1931 and 1941 and their spouses 
of any age. In order to make the sample fully representative of the USA some new 
cohorts were enrolled through the years, the last was added in 2010 (Mid baby 
boomers born 1954–1959). The main survey occurs every 2 years, making 2016 the 
14th follow up.

The PREHCO Project [32] investigated the characteristics of older non-
institutionalized adults over 60 years of age in Puerto Rico, cross-sectional sample 
survey of target individuals and their spouses. The first round was between 2002 and 
2003 (2167 variables and 4291 cases). At this moment has completed a second 
round to become a longitudinal study. The follow-up questionnaire included ques-
tions regarding the changing conditions of those individuals who participated in the 
first round, this second wave has 4291 cases and 2766 variables, those participants 
deceased or institutionalized were interviewed using a proxy.

Another survey distinguished by extensive measurement of health indicators as 
well as biomarkers is CRELES [33], also has linkages with the Costa Rican National 
Death Index in the follow up mortality events. First wave (2005) include partici-
pants who born in 1945 or before (2827 participants), the second wave in 2007 
revisited the same participant group and the third wave was conducted in 2009 with 
1855 surviving participants. Through these rounds different measurements were 

Table 8.3  (continued)

Study Population Follow-up Objective

KLoSA [41]Korean 
longitudinal study of 
aging

n= > 10,000
45 years or 
older

2006
2008
2010
2012
2014

To create the basic data needed to devise 
and implement effective social, economic 
policies to address the trends that emerge 
in the process of population ageing

IFLS [42] Indonesian 
family life survey

n= > 30,000
26 years of age 
or more

2007
2008

The fourth wave was redesigned to 
collect data similar to those in the HRS 
and similar surveys.
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made: fasting blood and overnight urine collection, DNA has been extracted for 
second and third cohort.

ELSI-Brazil [34] collects data relating to health and functioning, economic cir-
cumstances, social participation and networks, use of health services of adults aged 
50 years or older. After the baseline information collection, the follow-up waves are 
biannual. This study has been planned to survey about 10,000 Brazilians every 2 
years, new participants are added to refresh the different cohort age groups.

SHARE [35] is a multidisciplinary panel database of micro data on health, for 
more than 80,000 individuals in European population over 50 years of aged, this 
panel covers 27 European countries and Israel. From the first wave this database 
combined self-reports health with physical measurements reports. In wave four in 
2010 were included dried blood spots samples, the relevance of this was that these 
blood spots were analyzed for C reactive protein, HbA1c and total cholesterol. In 
the future it will be possible to include vitamin D and inflammatory markers of the 
cytokine family.

TILDA [40] is a detailed study on ageing undertaken in Ireland. It involves 
detailed interviews of people aged 50 years and over, charting their health, social 
and economic circumstances over a 10-year period. As some of the previous inter-
national studies, TILDA also collected different important biomarkers.

LASI [37] is a study conducted in 30 states and 6 union territories of India, cov-
ering a panel sample size of 60,250 individuals aged 45 years and older and their 
spouses. This study adopts multi-stage clustering sampling design; three-stage sam-
ple design in rural areas and a four-stage sample design in urban areas. The main 
reason for adopting this four-stage sample is to make easier the selection of house-
holds because urban wards are quite large, making it difficult to list all the 
households.

CHARLS [36] is based on the HRS and related aging surveys such as the ELSA 
and SHARE. The pilot sample was a two-province sample collected in 2008 and 
followed up in 2012.The national wave of CHARLS was fielded in 2011and includes 
about 10,000 households and 17,500 individuals in 150 countries and 450 villages 
committees. These individuals will be followed up every 2 years.

JSTAR [38] is an interdisciplinary data resource on health, economic position, 
and quality of life in Japan. Like SHARE, HRS and ELSA this survey has the com-
mon aim to understand a variety of levels in aging, from individuals to countries, 
from an international perspective. The first wave of JSTAR took place in 2007, 
contains data on individual living circumstances of 4200 adults between 50 and 
75 years of age. Three waves were conducted from 2007 to 2011.

In Korea: KLoSA [41] is sample of more than 10,000 persons at least 45 years of 
age that were interviewed among other topics, about information on work and 
income and health and disability. It was first conducted in 2006, with biennial fol-
low-up waves since then. Topics include in this survey have an important impact on 
the economic and social activities of this group.

On the other hand, it is IFLS [42], a longitudinal survey representative of about 
83 percent of the Indonesian population, containing more than 30,000 individuals in 
13 in the country. First wave was conducted in 1993, it was designed as a household 
survey of individuals at least 26 years of age. For its fourth wave in 2007, it was 
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redesigned to collect data similar to those in the HRS and similar surveys, including 
community survey and local conditions. Fig. 8.2 shows geographical location and 
starting year of the previously mentioned longitudinal studies on aging [43].

8.6  �Strategies for Improving the Validity and Generalization 
of Longitudinal Study Results

One of the objectives of the longitudinal studies is to recreate, from an initial expo-
sure or measurement, the natural history or trend of an illness or event at the time it 
occurs. To do that, measurement stages are established that enable the identification 
of changes in a particular group that is followed through time [25]. Most phenom-
ena related to aging are time-dependent [24, 45], as much in their appearance as in 
their duration, so it is necessary to predict the changes over time or the cumulative 
effect of multiple associations with respect to the intervals of the measurements 
done, for example variables associated with functional or cognitive decline, or pre-
dictors of morbidity-mortality or frailty.

Another peculiarity of longitudinal studies in geriatric population is the speed of 
change of age-related variables that might be presented in cutoff periods or jump 
between subsequent measurements. Thus, the basic threat to this design is centered 
on the study’s losses from any number of causes. There is a lack of response in key 
variables [46, 47] before the presence of unexpected adverse events that could arise 
in the development of the longitudinal studies, such as death, hospitalization, 
disability of a participant or even changes in geographic mobility, for which the data 
are lacking, and so losses in longitudinal studies become a frequent challenge. For 
this reason, prior to the start of the study, strategies for containment of losses should 

Fig. 8.2  Longitudinal studies on aging [43, 44]
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be established, such as strategies of quality control and retention that minimize 
these problems and ensure the validity of the information.

This phenomenon of losses during the course of a study is known as attrition or 
wearing away. It affects the sample size and makes it difficult to calculate the esti-
mators, such as making an adequate statistical inference. As well, it could result in 
selection bias when the participants who remain in the study present conditions 
different from those who were lost. The causes of attrition in studies of old people 
are often related to death, hospitalization or disability that occur when the partici-
pant cannot be evaluated during the measurement period. However, the participants 
might reappear in a third or fourth measurement, so that subsequent analyses could 
be more complex [48].

On the other hand, the missing data could be due to a general pattern when a 
participant refuses to participate. Or, it might follow specific patterns when the indi-
viduals fail to answer specific questions, or when the interviewer does not properly 
follow the steps for questioning, or the data capture process is wrong. For that it is 
necessary to analyze some variables that make it possible to contrast them with the 
sample in general and could be estimated if the absence of data affects the internal 
validity of the study [47, 48].

There are strategies that could be planned and executed during fieldwork, such as 
home visits, telephone contact, or the incorporation of interviews with proxy infor-
mants such as primary care givers or the participant’s spouse, who could provide 
responses close to what would have been given by the participant. Fieldwork could 
be enriched by using retention methods (positive messages, contact on important 
dates, information on the progress of the study, etc.) with the goal of minimizing the 
fatigue of staying in a follow-up over many years. A special element when working 
with older populations is offering the profile of interviewers, which demonstrates 
interest and empathy with the interviewees. It is thought to be useful in retaining 
subjects if the same interviewers are present during the different measurements, 
since that could create a climate of confidence with older adults and avoid rejection 
in subsequent measurements.

With the real possibility of failure to get information or sustaining losses during 
follow-up (whether they are occasional or constant), analytic strategies are required 
that reliably estimate the measurements made. However, it must be kept in mind 
how important it is to plan a study of this magnitude properly, especially in key sec-
tions that will be tied to the occurrence of losses, as well as including supervision 
strategies of data quality that enable later analysis to minimize the losses.

8.6.1  �Sampling and Sample Size

It is crucial to make the right decision on how the sample in the first measurement 
will be set up, since errors committed in this phase will be very difficult to correct 
later. In this sense it must be ensured that each sample unit or individual is chosen 
randomly from the sample framework as a probability sample, to increase the 
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precision of the study by being able to ensure that the samples are really indepen-
dent right from the start of the study. As well, the sample size must in all cases take 
into account a percentage of real losses consistent with the theme of the study or 
area of influence of the participants. It is necessary to have a large enough number 
of observations, given that attrition tends to reduce the number of individuals over 
time, and so a size that will allow for the occurrence of said losses must be ensured. 
That way, the analysis may be carried out in the sub-groups of the population of 
interest without exposing the statistical power of the study at risk.

8.6.2  �Standardization of the Measurements

As discussed earlier, longitudinal studies are based on the change of variables 
through time, for which the presence of random errors in the measurements repre-
sents a very complex problem, which could even overestimate the final results of the 
measurements. In this situation is especially useful to include not only previously 
validated and standardized instruments, but also to carry out exhaustive training of 
the field personnel, adding control questions that permit the analysis of differences 
at a given time and reduction of false data of change in the variables of interest, and 
carrying out a periodic calibration of the measurement equipment.

8.6.3  �Imputing Lost Data

This requires the implementation of generalized equations, for which there are sev-
eral statistical methods. In general, it is thought that in the first instance variables 
should be created that identify the data “without response or without measurement” 
in each measurement cut-off. This dichotomy of variables will serve as sub-groups 
within the study for the key variables, the reason for the imputation [47]. These 
variables must be compared between the defined times as losses (for example, an 
initial or baseline measurement vs. the second or third vs. the fourth measurement). 
This type of analysis considers the measurements between periods to be dependent, 
since they are from the same subjects, as happens in the case of the panel type study 
or the design of cohort study, so they must be seen as paired statistical tests, in order 
to establish whether or not there are statistically significant variations between the 
measurement times. If not, it will verify that the losses did not affect the behavior of 
the variables; otherwise, if it proves that the data do have variations between mea-
surements, a multivariate probit model will be integrated that predicts the probabil-
ity of attrition conditional on a set of variables measured in each cut-off during the 
study. This model identifies the common source of the data variation and is inte-
grated as a possible response to the matrix model in seeking the most common 
responses. In any case it can mathematically predict the variability of the error, and 
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if this does not have statistical significance, the data are presented as being free from 
error [46, 49, 50].

8.6.4  �Data Weighting

This process is fundamental for an adequate estimate of the data. Reasons for the 
need to weigh the variables involved include the lack of responses, unequal selec-
tion of groups, adjustments in medication, and others.

Weighting involves giving each sample unit a numeric value that would be rep-
resentative of its population being studied. Thus, the weight of each variable in 
particular includes the relative value of the sub-sample it represents and the relation-
ship between the size of the sample and the proportion of subjects interviewed. A 
process of statistical inference for each variable or time period involved is devel-
oped from these values. It should be mentioned that weighting in a longitudinal 
study could include cross-sectional weighting (within the same measurement time) 
or between subsequent measurements time zero vs. n times involved [31, 51].

8.6.5  �Harmonization of Data

A very important effort was launched on 2015 by the RAND Corporation and the 
National Institute on Aging (NIA) which convened a meeting of the Network on the 
Harmonization of International Aging Studies with support from to facilitate cross-
national comparisons [52]. The web page “Gateway to Global Aging Data” (www.
g2aging.org) aims to promote harmonization and to serve as a repository of infor-
mation about the HRS-family of studies. This web page presents comparative 
descriptions of the HRS-family of studies, harmonized variables and datasets, 
among other tools. Several longitudinal studies around the world are now present in 
this webpage.

8.7  �Conclusions

Science had never before faced such a complex, dynamic and time-dependent pro-
cess as human aging. Longitudinal studies are a source of fundamental evidence of 
the multi-factor changes over time, which enables it to maintain the evaluation of 
interventions that have a timely and positive impact on the course of aging in the 
population.

Longitudinal methodology represents a milestone in geriatric research. Its imple-
mentation always must be backed up by good planning that takes into account stan-
dardized procedures as well as techniques that minimize the probable losses during 
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the follow-up and the consequent effect throughout the study. Finally, it will be 
expected that the results derived from the follow-up will reflect the evidence of a 
phenomenon present in the senior citizen population.
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Chapter 9
Clinical Trials on Aging Research

Mario Ulises Pérez-Zepeda, Antonio Cherubini, Carmen García-Peña, 
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Abstract  Clinical trials are considered to be one of the best methodologies in 
health research and they are used primarily to test interventions in medicine. Aging 
research is no exception for this goal, and clinical trials are used to test different 
interventions in older adults with a number of variations in this particular research. 
In addition to drugs, in older adult’s diverse non-pharmacological interventions are 
experimented for a wide-array of diseases and conditions that are particular for this 
age group. A careful design and sometimes adaptation of clinical trials methodol-
ogy are necessary to have accurate results and translate them into actions in every-
day clinical care of the older adult. Below, we provide a general and schematic 
review of the theoretical concept of clinical trials and their variants, followed by 
examples of interventions and specific outcomes in research on older adults.
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9.1  �Introduction

Up to half of all drugs consumed by human beings are used by older adults, yet they 
are still underrepresented in clinical trials [1, 2] –the main source of scientific evi-
dence that a substance can be safe and effective [3, 4]. Nevertheless, drug trials are 
not the only therapeutic interventions amenable to be tested in clinical trials, a num-
ber of non-pharmacological strategies (e.g. technology, nutrition, physical activity, 
etc.) are increasingly used in the clinical armamentarium for older adult health care. 
Recognizing how older adults differ from the rest of the population and need modi-
fied clinical trials will not only increase the availability of interventions but will also 
reduce the number of individuals that present to health services with adverse drug 
reactions –a rather burdensome problem in economic terms for the system [5]; or 
lack of an appropriate intervention (i.e. either pharmacological or non-
pharmacological) [6].

Notwithstanding, many interventions used in treatment of older people have 
been mainly empirical or derived from existing evidence from trials with younger 
adults. Only in recent years has the understanding of the problems and effective 
interventions in this age group started to be enriched through an increasing propor-
tion of clinical trials that involve older adults, developing health care of senior citi-
zens toward geriatrics based on scientific evidence. In addition, the range or 
variations that clinical trials acquire within the group of seniors enriches the possi-
ble approaches that could be made in experimental design that responds to a ques-
tion being researched [7]. As well as its use in the clinic (mainly through geriatrics), 
other interventions could also be evaluated with these types of designs, and their 
application extends from the management of technology to improve the function-
ing, support groups, health services, and even complete systems [8].

In large part, “conventional” clinical trials in younger adults are often used to test 
a drug for the cure or control of a specific illness. Among older adults the probabil-
ity of suffering from “only” one illness is low, i.e. multimorbidity is common, so 
they are often systematically excluded from pharmacological trials. This is opposite 
to what should happen, considering that they are the main consumers of pharmaco-
logical products, and therefore of the data generated from these clinical trials [9, 
10]. New strategies for closing this gap should be sought in order to increase the 
quality of care of older adults. On the other hand, this type of design is used for 
evaluation of other non- pharmacology therapeutic options, such as exercise, nutri-
tional interventions, support groups, technology (gerontechnology), education, and 
more [11–13].

Moreover, studies of older adults that evaluate multicomponent (i.e., interven-
tions with more than one therapeutic component, not necessarily interacting between 
each other) or complex interventions (i.e., with multiple therapeutic components 
that synergize between each other) are common, in contrast to conventional phar-
macological clinical trials. In addition, it is important to use variations of the classi-
cal clinical trial design (pragmatic trials) in this age group to evaluate existing health 
services (Chap. 12 deals entirely with health services research in older adults) and 
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cost-effectiveness studies [7, 14]. Furthermore, we need to mention studies where 
interventions directed to other than the individual afflicted with the target condition 
(e.g., caregivers, service providers, etc.) are carried, and impact the older adult 
health, even if these interventions are not applied directly to the sick individual [15].

Finally, having evidence-based treatments (either pharmacologic or non-
pharmacologic), will improve the use of available interventions, diminishing the 
indiscriminate use of ineffective or marginally effective therapies that place older 
adults in a greater risk of having a deterioration of their health. It is important to 
mention that this chapter will only deal with individual clinical trials, for informa-
tion on studies for health care systems, a detailed description can be found in the 
health systems chapter (Chap. 12).

9.2  �Concept of Clinical Trials

Randomized clinical trials have been defined as “prospective studies that involve 
humans, evaluate the effectiveness of an experimental intervention when compared 
with a control group or standard intervention, or with two or more existing interven-
tions; generally designed by recruiting several 100 persons and yielding evidence 
that could be sufficient to bring about a broad change in public health policies or in 
current standards of health care” [16]. Clinical trials are used for understanding the 
effects of interventions in human beings, such that a well-planned and managed 
clinical trial could be solid evidence for daily use in medicine [17]; in other words, 
show causality of the tested intervention [18].

In its simplest form, an intervention may be tested by noting the subsequent 
effect on the same group of persons, a design known as before-and-after. Usually 
before-and-after studies are used when an intervention is implemented; for exam-
ple, in delirium prevention, and this implies that different individuals are evaluated 
in the before and in the after group. The main weakness is when the controls are 
historical, while the design is more robust when it is possible to evaluate the same 
group of subjects before implementing the intervention and then after. Moreover, 
this design has little validity due to various biases that could give a false impression 
of a change (i.e., regression to the mean, placebo effect, etc.). At the next level, is 
the application of a non-randomized intervention to two distinct groups (i.e., the 
control group and the intervened group). The main problem with this design is 
selection bias, since there is the option of choosing who will be given the new treat-
ment. The classic scheme of a clinical trial features randomized subjects for assign-
ment of the intervention with different variants as to control of the intervention, 
blinding the administration of the intervention and the sequence of administration 
of the intervention. This last characteristic is highlighted in the so-called cross-over 
trials, in which all the subjects are administered the experimental intervention. One 
group is the study’s control group at the start of the study, and in a second round it 
receives the intervention (in many cases between the two periods there is something 
known as the washout period, to eliminate the residual effect of those who were 
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submitted to the experimental intervention), and the outcomes at each of the times 
are measured. It is important to plan and design appropriately clinical trials for older 
adults, both taking into account particular issues of this group as well as standard 
items depicted in the latest SPIRIT report [18].

It is thought that a clinical trial has more internal validity if the assigning of the 
intervention is randomized (the results generated are precise), the intervention is 
controlled throughout the process and the blinding is at the maximum. However, the 
external validity (generalization of the results at the population level) with such a 
rigid design could be compromised. To resolve this type of methodological problem 
clinical trials have been classified in two large groups: explanatory (internal valid-
ity) and pragmatic (external validity) [14]. In research on older adults, the use of 
pragmatic trials makes it possible to test interventions that are not possible with 
clinical trial; moreover, it may be possible to evaluate larger population groups (see 
Table 9.1). In addition, pragmatic trials allow to assess interventions that are cur-
rently ongoing or common practice in clinical settings.

9.2.1  �Explanatory Studies

This is most commonly used in the pharmaceutical industry sponsored trials, with 
great internal validity but with critical difficulties at the time of large-scale imple-
mentation in population groups. Their intention is to ensure that the subject has the 
intervention constantly and requires high levels of adherence to the treatment and 
comparison with a standard or a placebo. The assigning of a treatment is one of the 
fundamental points, as well as blinding of most of the participants in the study (i.e., 
the ill older adult, caregivers, researchers, etc.). Trials of this kind are more difficult 
to carry out in this age group, given that their characteristics, i.e. multimorbidity, 
polypharmacy, geriatric syndromes and the high prevalence of non-adherence, and 
therefore not useful for generalized conclusions [19]. Although it has been used 
mainly for the evaluation of drugs, it can also be used in other types of interventions, 
such as nutrition, education, physical activity and others.

9.2.2  �Pragmatic Studies

Among these studies are those with greater external validity and that imitate “real” 
conditions in which a therapy is implemented. Unlike explanatory studies, they are 
often most useful in evaluating interventions outside of the pharmacological field, 
such as complex interventions (multiple components that interact with each other), 
socio-medical, rehabilitation, physical activity, nutrition, studies, etc. [20]. The 
evaluation of health care services is one of the main uses of this type of trial, since 
for a particular system that is already established, it promotes the evaluation of what 
could be achieved without having complete and strict control over the intervention 
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but rather with an evaluation of its process and the determination of its components 
to be able to learn the potential measurers of effectiveness (or not) of the same on a 
determined outcome [21]. Further detail on these studies could be found on Chap. 
12, where pragmatic trials are identified as ‘implementation research’.

Table 9.1  Differences between explanatory trials and pragmatic trials

Explanatory trial Pragmatic trial

Recruitment Direct recruitment, in 
general does not consider the 
service provider

If randomizing is used for groups, the patients 
and the service providers are used. This 
involves having consent and baseline data from 
both

Selection 
criteria

Strict inclusion and 
exclusion criteria to lower 
the probability of confusing 
factors that have an impact 
on the outcome (like 
illnesses)

Try to be as inclusive as possible to improve 
the possibility of generalizing the results

Randomization Randomizing by participant Randomizing by groups is often necessary, 
especially for replicating real clinical scenarios

Blinding Double blind is considered 
obligatory

Blinding must be done wherever possible, but 
the nature of the intervention generally doesn’t 
permit it. Blinding the surveyors, analysts and 
baseline data collection before randomizing 
could lower the bias for lack of blinding

Intervention Frequently a single simple 
activity (taking a medicine)

Frequently involves a complex activity of 
interaction between patient and doctor. The 
doctors need only a few light instructions to 
carry out the intervention.

Control Usually a placebo or a gold 
standard treatment

Usually standard care

Contamination Avoided with blinding The randomization of groups can lower its 
occurrence but it does not avoid it

Evaluation of 
adherence

High levels of adherence are 
required

Efforts to achieve adherence to the intervention 
are made; however, it should not exceed what 
would normally be done in the clinic. On the 
other hand, the adherence is analyzed as an 
outcome and could indicate that an intervention 
is not useful on a day-to-day basis

Sample size Standard statistical 
calculation

The effects of randomization in groups should 
be taken into account for the calculation. 
Consequently, a higher number of subjects is 
required to reach sufficient power

Outcomes Frequently specific Also, very specific. Some secondary outcomes 
are used to try to explain the effect of the 
intervention.

Analysis Univariant and multivariant 
analysis are standard

Take into account in the randomized analysis 
of the group, since the outcomes of a group 
could be similar for the medical effect
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9.3  �Recruitment and Drop-Out

This is one of the best studied phases of clinical trials on older adults, and also one 
of the more problematic. It has been shown that failure in recruitment ranges often 
between 10–50%, compared to a lower failure of recruitment in younger adults, i.e. 
5–10% [22]. As stated previously, there is an ongoing trouble on having a good 
representation of older adults in clinical trials. Issues for an adequate recruitment 
arise both from a priori discrimination of older adults, but also from subjects them-
selves [23]. Some barriers and potential solutions are depicted in Table 9.2. Some 
authors have suggested to run a ‘prospective preference assessment’ when planning 
a clinical trial for older adults, in order to anticipate those that would more probably 
would participate in a given trial [24], this in addition to profiling and knowledge of 
which conditions will facilitate participation or increase the interest on participat-
ing, some examples are: flexible process, confidence created with the researcher or 
the research institution, allocate enough budget for this phase of the trial, involving 
of the family or the community in the trial, taking into account that older adults have 
also things to do (i.e. not taking for granted that they are in complete inactivity and 
waiting to participate in our trials), identify ‘hard to reach’ groups and design spe-
cific strategies to recruit, increase the knowledge of the social benefit of participat-
ing in clinical trials, etcetera [25].

Table 9.2  Barriers and their potential solution for the participation of older people in 
pharmacological clinical trials (Adapted from Lindley et al. 2012)

Barrier Solution

Potential risk of 
commercial use

More public financing by the government and other institutions of 
pharmacological clinical trials in senior citizens

Exclusion of 
subjects with 
comorbidity

Include them but measure
Do specific studies for old people with specific pathologies (cancer, frailty)

Limitation of 
access to the 
research site

Include home visits or transportation to the research center in the logistics

Family opposition 
to entering into a 
study

Invest resources and time in information sessions

High mortality rate This could be an advantage in some cases, where any intervention could 
lower the rate. It could be a disadvantage for the high rate of losses 
attributed to mortality; it is necessary to make an estimate of an appropriate 
sample taking losses by mortality into account
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9.4  �Interventions

As stated previously, older adults have a wide array of interventions that are used for 
ameliorating both complications of chronic disease and age-related conditions. 
Along with the classical pharmacological interventions, in which older adults are 
under-represented; a number of other non-pharmacological interventions will be 
described.

9.4.1  �Pharmacological

The use of medications in this group of population is well-known, where some 
people routinely consume more than five medications, so called polypharmacy, and 
the average consume more than two. This, unfortunately, is generated with evidence 
from other age groups (see Fig. 9.1).

As mentioned earlier, there are several ways to categorize the groups of older 
adults (see Chap. 1). However, the generation of new drugs must define the function 
of that division; in other words, medication for the chronically ill, for the disabled, 
and for those who are frail. There is a need also to determine which group of older 
adults would benefit the most of a determined intervention, for example, those older 
adults with a lower life expectancy would not benefit from a pharmacological treat-
ment that will take years to benefit the individual (e.g., statins).

Drugs for lowering comorbidity or mortality in 
specific entities  

Chronic Illness Frailty Disability

Adverse side effects of the drugs in specific
entities 

Fig. 9.1  Spectrum of pharmaceutical clinical research in old people
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There is evidence of exclusion of the older group from the clinical trials of the 
pharmaceutical industry [26] and in publicly funded trials. An example of the lack 
of correspondence between existing need and the creation of products for this need 
is the proportion of older subjects with cancer, which in countries like the United 
States is as high as 63%, while clinical trials have a representation of just 25%. 
Table 9.2 shows some of these barriers and their potential solutions [27]. In a recent 
review of clinical trials for senior citizens, Lindley calls for the inclusion of frail 
subjects in all pharmacological clinical trials; however, this always represents a risk, 
given the nature of frailty, where a priori a high level of side effects can be expected. 
However, this same review suggests always doing the measurement of frailty, so 
that the condition of the subjects included in the study can be known [19] (see 
Table  9.2); this should be added to already well-established characterization of 
older adults in clinical trials such as creatinine clearance or expected survival. In 
this respect the European Medicine Agency has recently released a reflection paper 
on frailty, to stimulate the measurement of this condition as a way to more appropri-
ately identify vulnerability than chronological age (http://www.ema.europa.eu/
docs/en_GB/document_library/Scientific_guideline/2018/02/WC500244285.pdf).

9.4.2  �Deprescription

Given the high frequency of side effects in old people, this type of trial is designed 
to stop a drug in some subjects and compare them with subjects that continue to use 
it: a drug previously identified as potentially inappropriate is withdrawn and its use 
is compared “inversely” with subjects who continue with the treatment, in many 
studies continuing to give a placebo to the group that has left the drug in which it 
hopes for a better outcome. This has been tested in subjects with dementia, espe-
cially with the antipsychotics, which have seen a higher frequency of mortality due 
to cerebrovascular events in large population studies.

An example of this type of study is called DART AD (Dementia Antipsychotic 
Withdrawal Trial), in which patients with Alzheimer’s are randomized into two 
groups, one that continues using the antipsychotic medication, and in the other 
group it is replaced with a placebo. A reduction was found in the mortality of the 
placebo group compared with those who continued with the antipsychotic medica-
tion [28, 29].

9.4.3  �New Uses of Old Drugs

Innovating tools are allowing to use old drugs with new purposes. Such is the case 
of metformin, currently used as an ‘anti-aging’ molecule. A number of questions 
arise in order to perform trials of drugs that have already passed thru a complete 
process and have been deemed safe. However, it is still not clear how this off-label 
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or new uses could imply [30]. This ‘re-vamping’ of older drugs has been used as an 
example of intervening to stop deleterious effects of aging, a central concept to what 
nowadays is called ‘geroscience’ (see Chap. 4). In addition, there are other interven-
tions that are starting to be used, such as transfusions and the use of stem cells. The 
problem is that we do not have appropriate definitions and results of these trials, 
could be blur and do not provide a solution for older adult’s ailments.

9.4.4  �Non-pharmacological Interventions

These interventions include nutritional, physical activity, technology among others. 
Many trials evaluating these interventions have significant methodological prob-
lems. Even when solid evidence is available, these interventions are often not well 
known by health care professionals, thus limiting their adoption [31–34]. It is hard 
to describe each one, however they should always be taken into account due to its 
value in improving health in older adults. For example, a recent study on the use 
protein, showed that older adults do not benefit from higher than recommended 
protein intake in order to improve function and muscle mass. Generally speaking, 
they are more time consuming, and require expertise and control over the interven-
tion fidelity.

9.4.5  �Complex Interventions

Complex interventions have a series of processes that cannot be totally controlled, 
and that often are not pharmacological, but could include a component of pharma-
cological intervention. One classic study of these characteristics is from the Beswick 
group, where an intervention with many components was evaluated to learn its 
effect on the mobility in a group of ambulatory old people [20].

Other recent examples on complex interventions are the LIFE and the SPRINTT, 
both trials used a number of interventions tested to ameliorate the impact of frailty 
and sarcopenia, mainly based in nutritional support and physical activity. The first 
study has started showing results and the latter is in its last stages [35, 36].

9.5  �Outcomes

In this category there isn’t much debate on which outcomes should be used as effect 
variables in clinical trials in other population groups. However, in the case of old 
people, mortality, one of the outcomes most broadly used for other groups, isn’t 
very useful with the advanced age due to the increase in the probability of death, a 
phenomenon that often presents a plateau around 90 years of age, where mortality 
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starts to be equalized, and that could be observed graphically on the Gompertz 
curve. Among the main outcomes to test the effectiveness of an intervention on 
them, as well as mortality, are found to be functioning, dependence, geriatric syn-
dromes (falls, incontinence, delirium, etc.), quality of life and utilization of services 
[8, 37].

9.6  �Regulation

In addition to the well-known guidelines to conduct clinical trials (e.g. SPIRIT), and 
because of the particularities of the older adult, specific guidelines have been devel-
oped to properly develop medicines for geriatric patients. A number of guidelines 
are available in order to develop specific drugs for the older adults, however, cur-
rently there is a lack of regulation on how drugs should be tailored for this group of 
age. The example of needing something like this, is that regulation that is present for 
pediatrics [38]. This is of particular importance in order to have not only appropriate 
molecules with therapeutic value, but also the drug as a product that can be easily 
used. On the other hand, a recurring issue in the literature about clinical trials is the 
higher costs of researching for older adults, derived from all these care that is asked 
to properly develop trials. Therefore, a correct regulation on this matter could give 
more information to funding agencies on how trials for elderly are performed 
(please see Chap. 18 for a complete description on funding for aging research) and 
give enough money to perform them adequately [3].

For example, there is a recent interest in experimenting in older adults with inter-
ventions without solid evidence, such is the case of stem cells or transfusion for 
entities such as frailty or sarcopenia. Of special concerns of some of these trials is 
the requirement to pay a fee to enter an uncertain trial; appropriate regulation, cer-
tainly will halt this kind of experimentation [39].

Finally, regulatory issues seem to have impact in the decision of an older adult to 
participate in a clinical trial, as demonstrated by a recent study where older adult 
believing that the study was approved and reviewed by authorities was very impor-
tant, were up to 3 times eager to participate in an influenza vaccine trial [40].

9.7  �Conclusions

Clinical trials in research on older adults are enriched by distinct possibilities that 
exist for evaluating an intervention. What is of special interest is to learn these 
options for carrying out clinical research in this age group, so that they can have an 
extended reference of what could be obtained by utilizing this design on this popu-
lation group.

Regulatory agencies all over the world should start recognizing older adults as 
the larger group of therapies consumer (either pharmacologic or non-pharmacologic), 
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and therefor start the application of rules for clinical trials where available or elabo-
rate legislation where there is still lack of it.

It is important to take into account the rights of older people in clinical trials, 
from the PREDICT consortium [6, 38]:

	1.	 Older people have the right to access evidence-based treatments.
	2.	 Promoting the inclusion of older people in clinical trials and preventing 

discrimination.
	3.	 Clinical trials should be made as practicable as possible for older people.
	4.	 The safety of clinical trials in older people.
	5.	 Outcome measures should be relevant for older people.
	6.	 The values of older people participating in clinical trials should be respected.
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Chapter 10
Mixed Methods in Geriatrics and  
Gerontology Research

Joseph J. Gallo and Jin Hui Joo

Abstract  Mixed methods research is defined as the collection, analysis, and inte-
gration of both quantitative data (e.g., outcome of a randomized trial, such as 
decrease in depression score) and qualitative data (e.g., observations or interviews 
about the experience of persons with depression) to provide a more comprehensive 
understanding of a research problem than might be obtained through quantitative or 
qualitative approaches alone. Because mixed methods research designs place high 
value on the stories behind the numbers – both in exploratory designs where the 
experiences and insights of the community under study inform the quantitative 
investigation, and in explanatory designs where they illuminate the quantitative 
data – mixed methods are especially appropriate in studying the problems of older 
adults and caregivers. The goal of this chapter is to introduce the concept of mixed 
methods as an approach for research in Geriatrics and Gerontology. We will discuss 
(1) why an investigator might consider using mixed methods; (2) basic and complex 
mixed methods designs; (3) examples of mixed methods projects, drawing upon our 
own research; and, (4) challenges in carrying out mixed methods research.
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10.1  �Introduction

Mixed methods research is defined as the collection, analysis, and integration of 
both quantitative data (e.g., outcome of a randomized trial, such as decrease in 
depression score) and qualitative data (e.g., observations or interviews about the 
experience of persons with depression) to provide a more comprehensive under-
standing of a research problem than might be obtained through quantitative or quali-
tative approaches alone [1]. Typical applications of mixed methods in the health 
sciences involve adding qualitative interviews to follow up on the outcomes of inter-
vention trials, gathering both quantitative and qualitative data to assess patient reac-
tions to a program implemented in a community health setting, or using qualitative 
data to explain the mechanism of a study correlating behavioral and social factors to 
specific health outcomes [2]. The goal of this chapter is to introduce the concept of 
mixed methods as an approach for research in Geriatrics and Gerontology. We will 
discuss (1) why an investigator might consider using mixed methods; (2) basic and 
complex mixed methods designs; (3) examples of mixed methods projects, drawing 
upon our own research; and, (4) challenges in carrying out mixed methods research.

10.2  �What are Mixed Methods?

The term “mixed methods” refers to the integration of both quantitative and qualita-
tive approaches into a single research project, drawing strengths from each approach. 
Quantitative methods, such as surveys, are able to estimate the prevalence of condi-
tions and test the strength of associations among variables (see Chap. 5 for 
Descriptive Studies). Quantitative methods are derived from positivist assumptions 
about establishing cause and effect relationships (determinism), identifying key 
variables to describe a phenomenon (reductionism), measuring a construct (mea-
surement), or testing a hypothesis (deductive logic) -- an etic or ‘culturally neutral’ 
or ‘professional’ perspective (see Chap. 7 and Chap. 8). As discussed in Chap. 6 
qualitative approaches are framed from constructivist or realist worldviews that 
seek insight and interpretation of context at individual, social, and organizational 
levels – an emic or ‘culturally unique’ perspective [3]. Often quantitative approaches 
(exemplified by the fields of biostatistics and epidemiology) seek to generalize rep-
licable results from the sample to a population (e.g., using a standardized depression 
questionnaire to estimate the prevalence of depression in the population from results 
in a sample, or describing characteristics of persons who decide to undergo a medi-
cal procedure). In contrast, qualitative approaches (exemplified by the fields of 
anthropology and sociology) seek to understand the scope of a domain (e.g., under-
standing the experience and concept of depression from the point of view of an 
individual from a certain culture, or why someone made a certain choice). 
Incorporation of quantitative and qualitative methods in a single research project 
may provide a more complete picture of phenomena or events [4].
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The use of mixed methods in the health sciences is an international trend [5–8]. 
Mixed methods have found application in fields such as nursing [9], medicine [10], 
mental health [11], cardiovascular health [12], palliative care [13], public health 
[14], intervention development [15–17], implementation science [18, 19], health 
policy [20], global health [21], health disparities [22, 23], and gerontology [24]. 
Researchers developing interventions in these fields have found value in mixed 
methods approaches to evaluate responses to the intervention by stakeholders in the 
settings in which the intervention is to be delivered [25]. Mixed methods data can 
augment a randomized clinical trial or intervention design by gathering data before, 
during, or after a trial [2] to improve the development of an intervention, or to 
explain the outcomes of a trial [13]. Mixed methods approach operates as core 
methodologies of implementation science across the translational continuum 
[26–28].

10.3  �Why Use Mixed Methods?

Health sciences research can benefit from a mixed methods approach in which qual-
itative and quantitative approaches are combined to enhance the study of health 
problems and strategies [29–31]. Borkan states that mixing qualitative and quantita-
tive methods in a single study combines the benefits of generalizability with the 
thick, contextual interpretation of experience [31]. A limitation of much work is that 
it stops at the mixing of methods rather than considering different epistemologies 
[32]. In general, researchers have used qualitative methods to add more depth to 
previously defined constructs. However, “qualitative tokenism” [33] will not get to 
the core of what we need to understand about heterogeneity in patient expectations, 
values, and preferences that drive acceptance of treatment, adherence, or how we 
might modify services so that the most people get the most good – a public health 
model in contrast to a strictly medical model. Adding focus groups does not a mixed 
methods study make. Our experience has shown that an alternative to “qualitative 
tokenism” is to consider whether qualitative methods can help us understand indi-
viduals’ experiences and the meanings they attribute to them without trying to “fit” 
them into previously defined constructs [34]. By allowing individuals to describe 
their own reality, we learn how people experience and define their distress differ-
ently than researchers, or how an intervention is adapted to specific contexts. 
Differing perspectives across patient cultural groups, families, clinician experiences 
and interests that act to affect how people respond to attempts to improve care 
demand that we consider new ways to carry out services research. Often investiga-
tors are only trained and comfortable with a single methodology, so the approaches 
to problems and the types of questions asked are constrained by training limited to 
one “world view” [35]. Reliance on a single methodological stance is no longer ten-
able in an increasingly complex multicultural and interdisciplinary context, or in the 
translation and dissemination of population and behavioral research to broader 
applications and conditions.
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10.4  �Basic Mixed Methods Designs

Purposeful and planned integration of quantitative and qualitative approaches is a 
key feature of mixed methods. Driven by the needs and goals of the research, inves-
tigators who consider specific and planned efforts to integrate quantitative and qual-
itative methods at all stages  - study design, data collection, analysis, and 
interpretation – have the best chance to take full advantage of the promise of mixed 
methods. Figure 10.1 outlines some ways that qualitative and quantitative methods 
have been combined from a design perspective, and uses the terminology of Creswell 
and Plano Clark [36]. We want to emphasize at the outset that the depictions in  
Fig. 10.1 are only a few possible combinations, and investigators will want to con-
sider carefully what points of integration and designs are best suited to the research 
question at hand.

In an explanatory sequential design (top of Fig. 10.1), quantitative data collec-
tion (and often data analysis) occurs before qualitative data collection. Investigators 
may use this design to help understand or explain quantitative findings. A statistical 
analysis of outcomes of a trial can tell what happened, but not why or how. An 
example of the use of an explanatory sequential design would be interviewing per-
sons who did not benefit from the intervention (based on the quantitative assess-
ments typically used in a trial) to find out how the intervention could be modified to 
be more successful. In an exploratory sequential design, qualitative data collec-
tion precedes quantitative data collection (second from the top in Fig. 10.1). This 
design may be familiar to many investigators as it is commonly used as a strategy to 
design an instrument or questionnaire or to gather information to guide the content 
of an intervention. The qualitative component helps “discover” or “uncover” the 
range of domains and the words people use to express ideas; participants are able to 
express attitudes, beliefs, feeling and constructs that are most important to them. 
The analysis of the qualitative data informs the next quantitative phase of the 
research.

In concurrent designs (middle of Fig. 10.1), less emphasis is placed on how one 
strand informs the next, and more on making inference or drawing conclusions from 
the concurrent strands. In a design in which the quantitative methods are primary, 
participants might undergo extensive structured assessments using standard assess-
ment instruments (e.g., behavioral change measures) but some participants might be 
selected for more detailed evaluation (e.g., what a participant who received an inter-
vention experienced), to understand processes in intervention implementation (e.g., 
what practitioners really do), or to study mediation (e.g., through the use of selected 
case studies to understand causal pathways [37]. Some mixed methods designs are 
sometimes described as an embedded design in which one component is empha-
sized and a much smaller component is incorporated into the data collection (bot-
tom of Fig. 10.1).
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10.5  �Complex Mixed Methods Designs

In this section we provide an introduction to complex mixed methods designs of the 
type used in developing and evaluating interventions. Careful consideration of Fig. 
10.2 shows how the basic design ideas presented in the previous section can be 
combined to achieve specific study objectives. Experienced investigators described 
the added value of qualitative research in trials, explaining how it solved problems 
at the pretrial stage, explained findings, and helped to increase the utility of the 
evidence generated by the trial [38]. The complex designs presented here are by no 
means exhaustive, and the reader should conclude that mixed methods designs can 
be tailored to answer study aims in many different ways.

In the designs shown in Fig. 10.2, an exploratory sequential phase (qualitative 
followed by quantitative) is followed by an explanatory sequential phase (quantita-
tive followed by qualitative). In sequential mixed methods randomized trial 
design (top of Fig. 10.2), an exploratory sequential stage to develop and refine the 
intervention is followed by an explanatory sequential stage to evaluate the interven-
tion. In the first phase, the intervention is developed and adapted based on stake-

Fig. 10.1  Basic mixed methods design
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holder input derived from focus groups and individual interviews. For example, to 
make sure an intervention intended for older adults, investigators might elicit views 
of older adults in focus groups and carry out interviews with health care providers. 
In the second phase, a randomized trial may be carried out to study the effect of the 
intervention on outcomes such as depression scores or functional measures. Data 
from the trial is analyzed with statistical methods. In the qualitative phase (the far-
right box at the top of Fig. 10.2), the community is again engaged to provide views 
about how the intervention worked and how the acceptability could be improved. 
For example, investigators might hold focus groups or community forums to present 
results of the trial and hear from community members how to improve the interven-
tion for dissemination to new settings.

The bottom of Fig. 10.2 illustrates an integrated mixed method randomized 
trial design. We call this design “integrated” to emphasize that the sample for the 
qualitative phase at the end is integrated with the sampling of participants for the 
trial. In one case purposive sampling occurs after the trial is done (the far-right box 
at the bottom of Fig. 10.2). A “formative” or qualitative phase before the random-
ized trial goes into the field can be useful to pilot test and, if necessary, modify, 
recruitment, consent, and study procedures. Then during or after the trial, a qualita-
tive phase can shed light on questions about how and why the intervention worked 
or fell short of expectations, using purposive sampling. A “purposive” sample is one 
that is sampled to be informative of a research question, not to be representative of 
all participants. For example, participants may be selected for open-ended qualita-

Fig. 10.2  Complex mixed methods design
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tive interviews who did not respond to the intervention as expected, or to gain 
insight from subgroups about how the intervention worked (e.g., interviewing 
minority older adults). Purposive sampling could occur during the trial (box at the 
bottom of Fig. 10.2). For example, investigators might talk to participants who drop 
out to determine why, to assess how and why the intervention was carried out with 
fidelity, or to ask participants about factors in the intervention that seemed to be 
particularly helpful or unhelpful (i.e., potential mediators of the intervention 
effects).

10.6  �Integration of Quantitative and Qualitative Analyses

Integration is a key component of mixed methods approaches, yet how integration 
of quantitative and qualitative methods occurs is a developing field. Integration of 
the quantitative and qualitative approaches in a research study can occur at various 
points in the course of a project. We have already seen, above, how integration is 
incorporated into the design of a study. In interpretation and reporting the results of 
a mixed methods study, several data analysis and display strategies can be employed 
to facilitate integration: narrative, data transformation, and joint displays [39]. 
Narrative discussion weaves a story based on the combined results of the quantita-
tive and qualitative components organized theme-by-theme. In data transformation, 
one type of data is transformed into the other. An example would be counting themes 
derived from qualitative text analysis, transformation of the data into variables, and 
combining with the quantitative data for statistical analysis. Using joint displays, 
the qualitative themes are arrayed against quantitative data or characteristics. The 
juxtaposition of the data analysis in this way can lead to new insights [40].

In the context of our discussion of integration, the concept of “triangulation” 
should be mentioned. Triangulation refers to the idea that we may feel more confi-
dent in our findings if we arrive at the same conclusions with different methods 
(e.g., open-ended qualitative interviews yield the same findings as survey research). 
While triangulation may be a reason for using mixed methods, more often than not 
the use of qualitative methods alongside quantitative methods provides new insights 
into community or participant perspectives. Sometimes the most interesting find-
ings can emerge from points where the methods appear to be leading to different 
conclusions. Such a realist or constructivist perspective allows for multiple view-
points rather than an emphasis on uncovering a single ‘true’ perspective [41].

10.7  �Examples of Studies Using Mixed Methods

In the remaining sections of the chapter, we would like to draw on our own research 
to provide examples of how mixed methods research has been used in studies of 
older persons: cultural factors in mental health and intervention development. These 
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two broad areas illustrate the use of the principles discussed earlier in the chapter. 
To study cultural factors in depression among older persons, we make use of the 
simple designs discussed above. In considering intervention development, we dis-
cuss complex designs that use the simple designs as building blocks.

10.7.1  �Cultural Factors in Mental Health

Patients and providers are steeped in culture, which are patterns of thought and 
behavior that are learned and shared. Culture gives meaning and guides people in 
their daily lives. Cultural considerations need to take into account when understand-
ing minority populations and specifically in the delivery of mental health services 
[42]. In mental health, professional providers use concepts that are distinctly 
Western to diagnose mental illness (an etic perspective). Standard concepts com-
monly included in depression assessments, such as anhedonia, and somatic symp-
toms like poor sleep and appetite, constitute the diagnosis of major depression. 
Older adults who have immigrated in late life may have lived most of their lives in 
other cultures and may have perceptions and ideas of depression that are different 
from Western concepts regarding how depression is identified and what should be 
done about it. In order to serve minority groups in a culturally competent and effec-
tive way, providers should be knowledgeable about different ideas of depression and 
conditions that restrict help seeking.

A mixed methods approach is useful in understanding underserved older adults 
who may be culturally different. We discuss a study that used an explanatory 
sequential mixed methods design with purposive sampling to study the meaning of 
depression among Korean older adults who had immigrated to the United States. A 
quantitative study, called Memory and Aging Study of Koreans in Maryland, 
(MASK-MD) was conducted first. MASK-MD was a descriptive epidemiological 
study among Korean elderly that assessed the prevalence of dementia and depres-
sion and mental health service use [43]. The study showed that only a small portion 
of Korean older adults with clinically significant depression accessed professional 
mental health treatment.

Quantitative analysis did not provide information on the potential causes of low 
use. In order to understand this finding, a qualitative study was conducted [44]. A 
subset of participants in the MASK-MD study who had clinically significant depres-
sion scores was selected for semi-structured interviews. The rationale for the sam-
pling method included a desire to obtain the perspective of Korean elderly who were 
depressed, and so were knowledgeable about depression and barriers to services yet 
did not use services or receive any treatment.

The results of the study showed that Korean older adults described their depres-
sion in culturally-specific ways based on the perceived success or failure of their 
immigration experience and intergenerational conflicts with their children with 
whom the older adults shared a complex relationship. Social pressure and experi-
ences of stigma served to suppress help seeking due to the real fear of social margin-
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alization. Most important of all, participants desired services, but had few options for 
mental health services that were culturally relevant and provided in their language.

Quantitative studies can provide results that are generalizable; however, quanti-
tative methods are based on assumptions and theories that may not reflect assump-
tions and theories of those populations they are trying to understand. Quantitative 
studies often yield outcomes regarding disease or service use that may be too 
abstract and general for direct application to specific local situations, contexts, and 
individuals, with limited use in developing interventions [1]. Mixed methods in this 
study explained the low use of mental health services found in the epidemiological 
study and provided an understanding of Korean older adults who may want services 
but cannot engage in services due to cultural barriers. Such knowledge is critical in 
designing effective and culturally relevant interventions.

10.7.2  �Intervention Development

Intervention development is a complex process that involves multiple stakeholders. 
Particularly in psychosocial interventions where behavior change is the focus, 
mixed methods is necessary to fully understand objective outcomes as well as the 
perspectives of those who deliver and receive the intervention. Psychosocial inter-
ventions typically include provision of services through the development of a rela-
tionship between the provider and the patient, and in this relationship, communication 
in the dyad is an important element that contributes to success or failure. We discuss 
an example in which mixed methods were used sequentially to develop an interven-
tion, called Peer Enhanced Depression Care that used peer mentors to deliver 
depression care to underserved older adults.

Mixed methods were an integral part of intervention development from the 
beginning. The pilot study of Peer Enhanced Depression Care used a single cohort, 
pre-post design and used standard questionnaires to assess the outcome (depression) 
of the intervention. Patient-level factors that could serve as potential mediators such 
as loneliness, self-efficacy and coping skills were also measured. The peer-based 
intervention decreased depression and loneliness and increased coping skills for 
older adults in the sample [45, 46]. In order to understand the meaning of these 
outcomes from the perspective of the participants, qualitative methods were used in 
the form of semi-structured interviews at the post-study assessment to understand 
the strengths and benefits of peer-delivered depression care and the impact, if any, 
of participation in the study on depression for patients and peer mentors [45].

All participants (30 older adults and 6 peer mentors) were interviewed. Persons 
whose depression improved emphasized the importance of a trusting relationship, 
the credibility of the peer and usefulness of professional involvement in the pro-
gram. Participants described benefits such as hope, changes in attitude, behavior 
and insight. Persons whose depression did not improve did not develop a trusting 
relationship with the peer. Peer mentors expressed the importance of training and 
professional supervision.
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Given the importance of communication in relationship building between the 
peer mentors and patients, all interactions were audio recorded. With audio record-
ings, we conducted a quantitative study to assess peer communication to understand 
which peer communication behaviors increased rapport and decreased depression 
[46]. The goal was to use the results of the analysis of audio recordings to refine the 
peer mentor role and the intervention.

Audio-recordings were purposively sampled and analyzed using the Roter 
Interaction Analysis System, a quantitative method that is used to code frequencies 
of specific kinds of talk. The numeric results showed that self-disclosure was an 
important element in establishing rapport but was not associated with decreasing 
depression [46]. Self-disclosure is acknowledged as an important element in peer 
support, but it can have both positive and negative effects presumably based on what 
is said and how communication is expressed. Clearly training of peer mentors sur-
rounding self-disclosure is an important element of intervention training and a 
nuanced understanding of the circumstances and effects of self-disclosure are needed.

In order to further understand use of self-disclosure by peer mentors beyond 
counting occurrences, the audio recordings from the study were analyzed qualita-
tively. Specifically, we reviewed the segments of the audio recordings where peer 
self-disclosure occurred and reviewed these segments with attention to the content 
of the self-disclosure as well as how self-disclosure was used in the interaction by 
the peer mentors. Qualitative study of the audio recordings showed that sometimes 
peer mentors self-disclosed information about themselves that was related to the 
conversation at a specific moment but not related to depression. Peer mentors also 
used self-disclosure to communicate similarity with the patient in a socially sup-
portive manner; that is, that they had experienced the same thing as the patient to 
normalize an experience for a patient. Most significantly, peer mentors used self-
disclosure to tell stories about themselves that communicated a lesson or coping 
strategy that could be useful for the patient specifically for reducing depression [47].

The mixing of quantitative and qualitative methods has been necessary for the 
development of this intervention. Quantitative methods were used to assess prelimi-
nary outcomes followed by qualitative methods to understand patient and peer per-
spectives and their experiences in the study. A quantitative health communication 
system helped elucidate which communication factors were specifically important 
for establishing rapport and decreasing depression, while qualitative review of peer 
communication revealed how a communication element was used.

10.8  �Challenges and Opportunities in Mixed Methods 
Research

A challenge in using both quantitative and qualitative approaches in designing and 
testing interventions is to have sufficient time and resources allocated to ensure suf-
ficient rigor for both approaches. Though a qualitative approach using participant 
interviews and observations may yield detailed information, sampling for 
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qualitative approaches typically involves a small number of people (often less than 
50). Such sample sizes typically preclude the use of statistical testing (e.g., of dif-
ferences in participant characteristics according to themes that emerged in qualita-
tive interviews [11]. We want to have representativeness of the main themes, 
perceptions, and insights (as we continue to talk to people, do new themes emerge 
or have we reached ‘saturation’ in that no new themes emerge?), as opposed to 
estimating a population parameter (which may depend on random selection of sam-
ple large enough to provide statistical power). Another challenge is the initiation of 
collaboration with investigators who are used to restricting their data collection 
strategies to quantitative methods to adequately allocate resources to collect and 
analyze qualitative data from observations, narratives, and visual data [48]. 
Fostering trans-disciplinary research teams for mixed methods behavioral health 
research poses a challenge [49]. In order to maximize the use of mixed methods in 
RCTs, principal investigators of clinical trials may benefit from including research-
ers and staff who are trained in qualitative and mixed method approaches, begin-
ning at the study design stage [3]. Teams doing mixed methods research may benefit 
from time set aside for problem-solving and discussions about study design, under-
lying epistemological assumptions, and interpretations. Incorporation of qualitative 
methods in intervention studies, including randomized trials, can be associated with 
pitfalls that threaten the external validity of the trial [50]. Finally, in analysis of 
mixed data, findings from one strand may be contradictory or discordant with the 
other strand. While this may be a challenge or viewed as a weakness, such discrep-
ancies can lead to new insights about the processes or measurements we might 
otherwise not question.

10.9  �Conclusions

Mixed methods enable investigators conceptually and analytically to integrate qual-
itative research and qualitative data (e.g., semi-structured interviews, observations, 
focus groups) with traditional epidemiological and quantitative methods of research 
to facilitate translation of new interventions into practice. Mixed methods help 
understand, not just whether an intervention works, but how, why, and for whom. 
While quantitative approaches can characterize and measure patient outcomes, use 
of mixed methods can enhance quantitative analyses to identify unmeasured factors 
that might be associated with poor response to interventions [51], or factors that 
account for people who do not “fit the model,” that is outliers [52], or provide clues 
to how interventions can incorporate the diverse needs and circumstances of people 
(“personalized interventions” [14]). Because mixed methods research designs place 
high value on the stories behind the numbers – both in exploratory designs where 
the experiences and insights of the community under study inform the quantitative 
investigation, and in explanatory designs where they illuminate the quantitative 
data – mixed methods are especially appropriate in studying the problems of older 
adults and caregivers.
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Chapter 11
Systematic Reviews and Meta-Analysis 
in Aging Research

Miguel Ángel Villasís-Keever, Mario Enrique Rendón-Macías, 
and Raúl Hernán Medina-Campos

Abstract  Systematic reviews and meta-analyses are proven tools for decision-
making in health care, both for patients and public policy. For example, nowadays 
they constitute a substantial part of evidence-based clinical practice guidelines. 
However, the number of systematic reviews developed so far, and their use to 
improve the health of older adults has been somehow slow. This chapter describes 
in detail each of the steps necessary to conceptualize and conduct systematic reviews 
and meta-analysis. It begins with a description of the different uses these types of 
tools have, followed by the differences they have with narrative reviews. Regarding 
the methodology to assemble them, it starts in the form of how the research question 
is formulated, which is the essence for the construction of each of systematic 
reviews. Then we continue with the selection of studies, first by searching in differ-
ent electronic databases (e.g., Medline, Embase). Once studies are located, each of 
them should be reviewed thoroughly to determine if they comply strictly with the 
selection criteria. Finally, with the selected studies the next step is data extraction 
from each one, which eventually constitutes the results section of the systematic 
review. In addition, it is necessary to assess the methodological quality of each 
study to determine if they are free of bias. The last part of the chapter focuses on the 
different alternatives of meta-analyses, including network meta-analysis. The results 
are reported qualitatively when they are systematic reviews, while meta-analyses 
are reported quantitatively, as long as two or more studies can be combined.
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11.1  �Introduction

Finding efficient and effective methods for the care of older adults is important. 
However, it is often the case that the skills to find, evaluate critically and synthesize 
the information of published studies to integrate the results of the research to normal 
clinical practice are not available. In this context, several years ago systematic 
reviews and meta-analyses have been growing in numbers as a tool for making deci-
sions in different areas of medicine, from the moment the doctor meets the patient 
through conception of a research project or the planning of health-care policies. 
However, its use has been slow to seep into every possible area, possibly due to lack 
of knowledge of its scopes, advantages and reliability [1]. In part, this type of 
research has emerged because the volume of information is growing every day, and 
this makes it necessary to make documents available that summarize in orderly 
fashion and under scientific criteria the state of knowledge of a given topic, in order 
to facilitate decision-making for health-care personnel, researchers, patients and 
those who implement health-related public policies. From the start of the develop-
ment of the process of an orderly summarizing or synthesizing and criticizing sci-
entific evidence until arriving at what today is known as systematic review and 
meta-analysis, different terms have been used: review articles, synthesis of research, 
overview, etc. As well, various definitions have been developed, but one of the most 
widely accepted is the one proposed by Ian Chalmers and Douglas Altman – two of 
the main pioneers in this area – which establishes that: “a review is what has been 
prepared through a systematic process to minimize biases and random errors, which 
is documented in the material and methods section” [2]. With this definition, it is 
clear that a systematic review is a research project that includes studies from a sin-
gle theme or topic [3]. Meta-analysis is the term used when a statistical analysis of 
the results of at least two individual studies obtained from a systematic review is 
carried out. Thus, it is necessary to recognize that all meta-analyses are also system-
atic reviews. Systematic reviews are also known as secondary investigations, since 
they deal with synthesizing the information from primary or original studies that 
have been done through the years on a particular theme. In other words, a systematic 
review concentrates all of the studies carried out on a specific theme using the sci-
entific method [4]. Although earlier systematic reviews and meta-analyses focused 
on synthetizing studies on therapeutic interventions (like drugs or surgical interven-
tions) described in controlled clinical trials to determine which were the most effec-
tive, over time the spectrum has broadened to include observational studies whose 
objectives are to learn the prognosis of illnesses, evaluate the best diagnostic tool, 
or establish causes or risk factors of illnesses [5].
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11.2  �Types of Reviews

In spite of the development and evolution this field of research has had in recent 
decades, not all “review” articles or publications are systematic reviews. Because of 
this, it is necessary to distinguish between systematic reviews and narrative reviews. 
Narrative reviews are documents that describe a specific theme or topic, which may 
be considered similar to what is usually presented in a chapter of a book, where 
historic aspects, epidemiology, signs and symptoms, or the clinical course of an ill-
ness are presented, as well as the process of making the diagnosis and even the 
therapeutic options [6]. In the case of systematic reviews, although they also deal 
with a particular illness, the approach is very specific; in other words, the synthesis 
of the information is centered only on the treatment, diagnosis, risk factors or prog-
nosis [7]. There are also differences in the process of including the various articles 
or references that support the authors’ arguments; in a narrative review there is no 
selection process, even though it may be based on recent publications. For this rea-
son, it is thought that the information in these documents is directed specifically 
toward the concepts or proposals of the authors themselves, since the support docu-
ments only agree with what is described in the text and do not include everything 
published on the theme. For example, if the author of a narrative review has been 
distinguished for having carried out research on a particular drug, then possibly the 
information included in the article would be limited specifically to the findings that 
he or she has described, even if there may have been other studies with different 
results. In contrast, in systematic reviews where a search of all the available studies 
in world literature is carried out, it will include articles both in favor of and against 
the effectiveness of the drug, as well as all the adverse events. As well, if possible, 
a systematic review could include what is called gray literature, that is, the results 
of research not published in scientific periodic circulation journals, such as theses or 
works presented at medical conferences [8].

11.3  �Uses of Systematic Reviews

Because systematic reviews synthesize research studies published up to the present, 
they are one of the basic tools in Evidence-Based Medicine (EBM) [8]. As we know, 
two of the principal steps of EBM refer as much to the search as to critical reading 
of the studies, which will support medical decisions for patients on aspects mainly 
related to the diagnosis, treatment or prognosis. By virtue of the fact that a research 
group has previously completed the task of identification and evaluation of pub-
lished studies, the use of systematic reviews and meta-analysis will be beneficial for 
the practice of EBM. For example, in the case where the review might have demon-
strated the effectiveness of a drug for the treatment of hypertension in patients older 
than 65 years of age, after reading a systematic review of controlled clinical trials 
published up to the present, the doctor, instead of reviewing and analyzing each 
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clinical trial where a particular drug was analyzed, could direct his/her efforts 
toward determining the viability of giving this intervention to his/her patients (for 
availability, cost or the characteristics of the patients), or evaluating the result once 
the intervention is implemented [6]. Moreover, at present systematic reviews are 
essential for preparing evidence-based clinical practice guidelines. An example is 
where more than one option is available for aspects of diagnosis or treatment, in 
which case the recommendations of the guidelines will be based mainly on the 
results of the studies with the best quality. In this context, as the treatment of hyper-
tension involves a therapeutic intervention, if a meta-analysis of randomized con-
trolled clinical trials is identified where it is shown that this intervention is effective 
and with few side effects for patients older than 65 years, then that information 
would be included in the guideline, and would form part of the recommendations 
[9]. Another use that has arisen in recent years, both of systematic reviews and 
meta-analyses, is in health-care policy, where they are becoming increasingly 
important as a reference point. For example, in making decisions on the incorpora-
tion of new drugs for a specific illness, whether for a hospital or health system, all 
of the alternative therapies available are considered, including the results of their 
clinical effectiveness and costs. In this latter category it must be emphasized that 
publication of economic studies is limited; still, for experts in health economics 
systematic reviews are extremely useful for identifying the impact of each of the 
interventions in health outcomes (therapeutic efficiency, morbidity, mortality, qual-
ity of life, to name a few), and this could serve to bring about cost-effectiveness, 
cost-utility and cost- benefit evaluations [5].

11.4  �The Process of Preparing Systematic Reviews

Like all research, systematic reviews must start with the drawing up of a protocol. 
This protocol will describe the process for executing each of the steps with the 
smallest number of errors or biases. Fig. 11.1 outlines the process.

11.4.1  �Preparation of the Research Question

The first step in doing a systematic review is to focus as much as possible on study-
ing a single fundamental, answerable question by constructing one that determines 
the scope of the study [10]. The more concrete the question is the easier will be the 
review. To construct the question the following must be taken into account: (1) the 
population of the study, where it includes age (children, adults, older adults) and the 
illness to be studied; in other words, the illness itself or one or more of its complica-
tions; (2) the intervention to be evaluated, whether it be treatment, diagnosis, risk 
factors or prognosis; (3) the possible options for intervention; for example, two or 
more drugs, procedures, diagnoses, etc.; (4) the different results of the effect of the 
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intervention, for example, if it is therapeutic, then the results to evaluate are to avoid 
complications or death; while if it is diagnosis, the capacity of one or more tests to 
confirm or rule-out the illness being studied.

11.4.2  �The Search for Articles

Once the research question has been defined, the next step is to start the search for 
studies that have been done on the theme. To begin this task, the researcher has to 
take into account each of the elements included in the question. To do this, elec-
tronic databases are used that concentrate the bibliography or publications on health 
care themes. The largest databases in the world are Medline and EMBASE, which 
use terms or text words (also known as keywords) to classify each publication. 
Other important sources could be the Cochrane Collaboration and CINAHL. There 
are now proven methods for obtaining the most efficient searches, in other words, 
which have the highest sensitivity for locating pertinent studies to resolve research 
questions [10]. However, one problem in this search is that in these databases, only 
the titles and the summaries of the publication are available, so it is necessary to 
read and scrutinize to choose the articles that would potentially serve for the sys-
tematic review and then get their full version. In a high-quality systematic review, 
the selection of titles and summaries is done by a peer-review process, which means 
that two or more researchers work together to discriminate and decide which studies 
meet the inclusion criteria. The goal in this phase is to choose only the articles 
where both researchers agree to include them; if there is disagreement, they could 
consult a third researcher, who could decide on whether or not to include it, or they 
could make a consensual decision [11]. When doing the search for summaries on 
these databases, articles in any language could be identified, so it is important to 
decide whether language restrictions will be included in the criteria. In this context, 
the reader of a systematic review should be aware of the possibility of biases about 
this. However, when the inclusion of studies is restricted to English, it is seen as a 
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Fig. 11.1  The process for drawing up a systematic review
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small error, since about 90% of world scientific production is published in that 
language.

11.4.3  �Selection of the Studies

After having chosen the titles and abstracts, the next step is locating the complete 
versions of the studies selected. Once the studies are available the researchers pro-
ceed to review them for each of the components (especially in the methodology and 
results sections) to determine whether they effectively comply with each point iden-
tified in the research question. As one would expect, it is only at this time that it can 
be determined with certainty whether the studies contain enough and adequate 
information to be incorporated into the systematic review and subsequent analysis. 
This is another phase of scrutinizing, since a large proportion of the articles recov-
ered will not contain the minimum elements necessary to be analyzed. For example, 
in systematic reviews of therapeutic interventions, only randomized controlled clin-
ical trial must be included. In addition, it is necessary to have clear data about the 
results of the interventions in evaluation. On this point, it should be mentioned that 
there are publications that refer to research protocols, reviews, or initial reports, but 
without data, so these articles must be excluded. Added to the foregoing and with 
the goal of identifying a larger number of publications that would not have been 
located with the search strategy, in many systematic reviews the reviewers opt to 
review the list of bibliographical references of the studies included [10]. Lastly, the 
quality of this phase is again guaranteed when a peer-review process is carried-out, 
in the same way the summaries were selected.

11.4.4  �Data Extraction

In this phase of the systematic reviews, the researchers try to obtain useful informa-
tion contained in each of the studies that will conform to the final analysis and that 
complies with the study’s objectives. To do this, the researchers must set up data 
collection sheets on each variable, taking into account all the variables: outcomes 
and intervention, as well, as demographic data. Based on what is described in each 
of the studies included, these sheets will be filled with information on the general 
characteristics of each study, where (e.g., country or a hospital) it was done, the 
characteristics of the patients included (age, sex, selection criteria of the patients, 
number of participants, severity of disease, etc.), the intervention (for example, 
studies on therapy should specify doses, methods of administration, duration time 
of the intervention, co-interventions) and, of course, the results (outcome measures) 
of the way in which the original article shows them. If necessary authors of system-
atic reviews will have to include the definitions used in each study, since these could 
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vary [8]. In this phase, it is recommended that the information be extracted and 
recorded by a peer-review process, as mentioned for the previous steps [5].

11.4.5  �Quality Assessment of Included Studies

Analysis of methodological quality of each included study is an important aspect in 
all systematic reviews. It is necessary to make an evaluation of how each study was 
carried out, according to what was described by the authors. For example, in a clini-
cal trial both randomization, blindness of measurements and complete follow-up of 
all participants are essential to determine that a study is valid. Studies with higher 
quality, results will be more reliable. When there are problems in the execution of 
clinical trials, that is, with lower quality or bias, the benefits of an intervention are 
generally overestimated [10].

11.4.6  �Analyses of the Results of a Systematic Review

This phase of the systematic reviews depends on the findings obtained in each of the 
previous phases. Thus, to determine the way the results will be described, it is nec-
essary to know whether or not the studies included were similar. This is done by 
means of an individual analysis of each one, contrasting it with the others. It is 
important to evaluate the selection criteria of patients, the intervention, and the 
method of measuring the variables, whether they were similar among the studies 
[11]. If differences in each of these principal aspects are observed, it is considered 
that there is heterogeneity among the studies, and thus the results will be made only 
on the qualitative aspect. This could mean that the final report will be based on the 
description of the characteristics of each of the studies included (qualitative analy-
sis). This is known as systematic review [2].

When the studies are considered to be similar, that is, there is homogeneity; a 
statistical analysis could be carried out combining the data on one or more variables 
of results when these come from at least two different studies. This procedure is 
known as meta-analysis. To do this it is necessary to consider the scales of measure-
ment of the variables used by the authors of the studies included, since the relevant 
statistical method will be selected in accordance with their nature. For example, if 
the review deals with evaluating the therapeutic effect of a drug for hypertension, it 
is possible that the outcome measures have been established as disappearance of the 
hypertension (a variable with qualitative measurement scale) or modification of the 
blood pressure values (a variable with a quantitative measurement scale). Each vari-
able will be analyzed with different estimates, which will be obtained by separate 
statistical procedures (see below). At present there are several statistical packages 
available, such as RevMan o Metaanalyst, for working with these specific data in 
carrying out a meta-analysis.
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11.4.7  �Final Report and Recommendations

The last step in systematic reviews is the preparation of the final report, which, in 
addition to describing the entire process carried out, includes the results obtained 
from the qualitative or descriptive perspective and, if relevant, the quantitative 
results when the meta-analysis was done. It is important when preparing the final 
report to be objective and neutral on the findings, and to provide information on all 
the elements so that future readers can make their own decisions [4]. It is not rare to 
find systematic reviews where the authors indicate the existence of not enough evi-
dence to achieve a definitive conclusion because of the poor quality of the published 
studies, or due to a small number of patients studied, or because the available stud-
ies have not shown obvious clinical benefits.

11.5  �Meta–Analysis

To deepen the theme of meta-analysis, it should be mentioned that one of the most 
important reasons for doing this type of research, was to think about the possibility 
of increasing the number of subjects studied on a specific topic obtained by adding 
up the results of different studies. In this regard, a number of studies worldwide, it 
is common the authors recognize that due to the small size of their study, they did 
not dare to offer a solid conclusion about their findings, for example, whether a new 
intervention is better than the usual treatment. When a meta-analysis is done it is 
accepted that it will be equivalent to having done a single study but with a much 
larger sample size, in other words with more statistical power, since it combines the 
results from two or more studies to issue a more reliable conclusion. Considering 
this scenario, by increasing the number of participants it is more probable that it will 
demonstrate the true effectiveness of an intervention. If this assumption is true, it is 
feasible to make decisions based on studies that are already done without undertak-
ing the task of doing a large-scale study. However, if there are still doubts despite 
these benefits of meta-analysis, nowadays it is preferred to do a study with a large 
sample size to determine the effectiveness of an intervention, since this ensures that 
all the participants in the study were exposed to similar maneuvers during the same 
period of time [9]. Another point to consider in carrying out a meta-analysis, as was 
mentioned previously, is the method of reporting the results, that is, the scale of 
measurement of the variables of the outcomes. The five most used measures are, for 
quantitative variables: the weighted mean difference and the standardized mean dif-
ference (the latter is also known as size of the effect) (Fig. 11.2); and for categorical 
variables: relative risk (RR), odds ratio (OR) and risk difference (Fig. 11.3) [12].

In general, there are two models for carrying out a meta-analysis, the fixed effects 
model and the random effects model. In the former, it is accepted that the studies 
included estimate the same “true” value of the effect, and that the differences 
observed among them are due to chance. In the random effects model it is assumed 
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that the trials or studies included are only random samples from a “universe of stud-
ies,” and that their results are positioned randomly around a single central value 
[11]. For presenting the results of the meta-analyses it is always useful to include 
graphs, with the forest plot being the most commonly used one, where in addition 
to describing the individual results from each study included, it shows the global 
estimate, which is considered the truest one. As shown on the right side of Figs. 11.2 
and 11.3, a vertical line divides the graph, where the left side usually shows the 
benefit of the experimental intervention and the right side the control intervention. 
As well, each horizontal line represents each of the studies; this line has two com-
ponents: (1) the estimation point (square) and (2) the extremes of the interval of 
reliability (horizontal line). In the lowest part of the graph is shown the global syn-
thesis of all the studies (indicated with a diamond). As well, in all meta-analyses the 
differences between the studies from a statistical point of view are determined, 
which will indicate whether there is heterogeneity. The most frequent analyses for 
documenting this are the Breslow-Day, Q of Cochran, and Chi-squared tests. When 

Fig. 11.2  Representation by Forest Plot of meta-analysis with quantitative variables using 
weighted mean difference

Fig. 11.3  Representation by Forest Plot of a meta-analysis with qualitative variables using the 
odds ratio (OR) calculation
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a value of p ≥ 0.10 is obtained, it shows that there is heterogeneity, from which it 
can be inferred that there are important differences between the studies. The two 
main sources of heterogeneity are the number the participants in each included 
study (studies with many patients and others with few), and the discrepancy of 
results between studies. The latter is more often; because the effect of the interven-
tion is not consistent, some studies indicate benefits and others do not. One strategy 
for resolving heterogeneity is to select a meta-analysis model of random effects or 
to carry out a sensitivity analysis. Sensitivity analysis could be done by analyzing 
only data from the studies with the largest number of participants, or only with those 
with the best quality, from the methodological point of view [1, 12].

Lastly, one aspect that must be mentioned is the possibility of a “publication 
bias.” As one of the primordial objectives of systematic reviews and meta-analyses 
is to look for and concentrate all the studies on a specific theme in one study, it is 
necessary to take into account the tendency to publish only the studies that show 
benefits toward a determined intervention or manoeuver. Therefore, it is more dif-
ficult to find studies where conclusions go against the hoped-for effects “where no 
statistically significant differences are found.” This has been named publication 
bias, since all meta-analysis should evaluate its possible existence [9]. The usual 
way of doing that is through graphic representation of this phenomenon. Graphs 
called funnel plots are the most commonly used to show the relationship between 
the size of the sample and the effect of the intervention from each study included. In 
this graph, a point represents each study. When there are no publication biases, the 
graph should appear as an inverted funnel which must contain all the points, but if 
parts of the funnel are lacking (absence of points or outside of the funnel), then 
publication bias might exist. If the later occur, the results should be interpreted with 

Fig. 11.4  Example of a funnel plot
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caution. A funnel plot is shown in Fig. 11.4, which shows that there may be publica-
tion bias.

11.6  �Network Meta–Analysis

A frequent problem when performing meta-analysis of clinical trials is the limited 
number of studies comparing all available treatments. For example, there may be 
studies with a treatment A that is compared to a treatment B, but there are no studies 
that contrast treatment A with a C. However, treatment C has been contrasted with 
treatment B. In many occasions the reason for this comparison of treatments A and 
C with B, has been because the latter was the oldest to be approved in clinical use, 
although it may be the least effective. Both treatments A and C, through meta-
analysis, have been shown to be more effective than treatment B when making 
direct comparisons. However, the question that remains is, which is more efficient 
or if its effectiveness is the same? This comparison would allow generating a more 
sustained recommendation.

The meta-analysis network is a method now available to estimate the compara-
tive effectiveness between treatments that have not been directly contrasted. The 
estimate is calculated through the available studies of direct comparisons between 
related treatments. The result is an “indirect” estimate but close to reality, of the 
comparative effect between treatments not previously evaluated, one versus the 
other [13].

From mathematical point of view, this estimate is calculated by the principle of 
transitivity, where a measurement between two parameters not measured is obtained 
by the information available from these two parameters with a common comparator. 
The estimate of the effect C against A (indirect) = (direct effect of A against B) - 
(direct effect of C against B). However, to make this estimate valid, it is necessary 
to fulfill some conditions between the parameters:

1) Treatment B should be similar (doses, periods, etc.) when compared with 
treatments A and C. It is common that this is not fully complied, so some flexibility 
can be accepted. 2) The trials of each of the treatments compared with B must have 
been done with similar patients, if these differ substantially the final estimate will be 
inadequate. 3) It is required that patients have been randomly selected to any treat-
ment. If this is not the case, confounding factors could cause errors in the results. 4) 
Undoubtedly, the efficacy criteria must have been evaluated in the same way in each 
of the included trials.

In addition, a network meta-analysis may compare an indirect estimator with a 
direct one. They are called mixed estimators, which serve to confirm the models 
(consistency), as well as to estimate the impact of the treatments under different 
conditions.

The reports of the results are the same as the classical meta-analysis. However, 
authors should clearly report (preferably in a graphic) comparisons made, in order 
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to determine which were direct, indirect and mixed, also should be noted the num-
ber of included studies for each comparison [14].

Finally, we should remember that the best way to contrast two or more treat-
ments is through direct comparisons, in well-conducted clinical trials.

11.7  �The Quality of Systematic Reviews

It should be mentioned that, like all research processes, systematic reviews could 
have problems during their execution, for which the readers of this type of docu-
ment must determine their reliability. To facilitate their evaluation, some instru-
ments or scales have been developed over time to evaluate the quality of systematic 
reviews. These scales are based on the analysis of each of the steps (phases) of the 
preparation of a systematic review. As well, efforts have been made in which the 
publications of the reviews follow a standard format, called QUORUM, and more 
recently PRISMA [2, 5, 15, 16] to help readers evaluate them.

The items that evaluate these and other instruments are based on the good execu-
tion of the systematic reviews, most of which were mentioned above. It should be 
said that independently of whether or not the reader knows the essential elements 
for establishing whether a systematic review is of high quality, there are organiza-
tions that prepare them on a state-of-the-art basis, and these are usually reliable. The 
largest organization, and the one that sets the standards of quality for systematic 
reviews at present, is the Cochrane Collaboration. The advantages of this organiza-
tion is that it is non-profit, and so all the reviews are available for consultation free 
of charge, and in many cases in different languages, including Spanish (www.bib-
liotecacochrane.com). Other organizations with reliable systematic reviews are 
those produced by the Agency for Healthcare Research and Quality (www.ahrq.
gov) in the United States of America, or by Health Technology Assessment 
Programme in the United Kingdom (www.hta.ac.uk).
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Chapter 12
Health Systems Research in Aging

Hortensia Reyes-Morales, Svetlana V. Doubova, and Ricardo Pérez-Cuevas

Abstract  As a relatively new area in health sciences, health systems research 
(HSR) is an interdisciplinary field that seeks to understand and improve how societ-
ies organize themselves for achieving health goals, and how health systems respond 
and adapt to health policies. HSR focusses on generating and transferring new 
knowledge that enables health programs, interventions and services, to respond 
effectively to health population needs. For aging population, health needs should 
consider a broader spectrum that comprises social determinants of health, and coor-
dination among public sectors such a social networks, pensions, housing, and social 
services, among others, for improving their wellbeing. From this perspective, con-
tribution of HSR to achieve suitable health systems and health services for the aging 
is particularly relevant. This chapter provides a general description of study designs 
and methods in HSR; it is intended to be descriptive and able to give an appropriate 
springboard for those who plan to conduct a type of research that has multiple and 
different layers, for contributing with scientific evidence in improving health in old 
people.

Keywords  Health systems research · Health policy · Health systems

12.1  �Concepts of Health Systems Research

Traditionally focused on biomedical or clinical research, scientific advances in 
health have been remarkable during the last century, and its contribution of cumula-
tive knowledge for improving global health is unquestionable. Identification of 
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diseases etiology, development of vaccines, innovative diagnostic methods or treat-
ments, are only some examples of the significant role of health research.

The vast amount of scientific knowledge accumulated to date, in addition to 
improvement in sanitation among other advances, particularly during the last 
decades, had made possible to reduce maternal and child deaths, decrease the preva-
lence of infectious diseases and gain better control of chronic diseases. These 
achievements have increased the life expectancy (LE) worldwide. Between 1950 
and 2000, LE increased 3 years per decade, and from 2000 to 2015, it rose to 5 years 
per decade in most regions. The African Region shows the most significant improve-
ment since LE increased 9.4 years. Furthermore, in the same period LE at age 60 
also improved from 18.7 to 20.4 years at a global level [1]. However, this advance-
ment is not equivalent to healthy life expectancy. In developing regions people live 
longer but not healthier. On average, there are 25 healthy life years lost due to mor-
bidity and disability [1]. Chronic diseases rise with age, thus posing enormous chal-
lenges for health systems to respond to the growing health needs and demands of 
this age group. The top priorities for health systems are financial risk protection, 
universal access to health services, and quality of care. Fulfilling these three priori-
ties is critical for older adults, since they are among the most vulnerable groups.

Health systems research (HSR) is a relatively novel area in health sciences that 
comprises the analysis of health systems policy, organization and provision at macro 
(e.g., country), meso (e.g., states) and micro (e.g., health facilities) levels. In addi-
tion, HSR furthers the development of innovative interventions and strategies to 
strengthen health systems and services for improving population health.

The Alliance for Health Policy and Systems Research define HSR “as a field that 
seeks to understand and improve how societies organize themselves in achieving 
collective health goals, and how different actors interact in the policy and imple-
mentation processes to contribute to policy outcomes. “By nature, it is interdisci-
plinary, it is a blend of economics, sociology, anthropology, political science, public 
health and epidemiology that together draw a comprehensive picture of how health 
systems respond and adapt to health policies, and how health policies can shape – 
and be shaped by – health systems and the broader determinants of health” [2]. This 
definition offers a comprehensive image of the significance of this research area in 
transferring new knowledge that enables health programs, interventions and ser-
vices, to respond effectively to health population needs.

12.1.1  �Characteristics of Health Systems Research

The primary goal of HSR is the strengthening of health systems to improve its per-
formance and responsiveness to achieve better population health. One of the main 
HSR attributes is its applicability that translates into evidence at different levels that 
range from health policy makers to program managers and health care providers. 
Another core attribute of HSR is its capacity to generate context-specific data, with 
potential to expand to other scenarios. Both qualities depend on the researchers’ 
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ability for designing solid studies underpinned by sound conceptual and method-
ological aspects, to develop interventions adaptable to different contexts, and to 
scale-up these experiences as health programs and policies.

HSR is interdisciplinary; it encompasses a wide range of fields of knowledge that 
allows addressing the full range of health systems functions such as policymaking, 
governance/stewardship, financing, resource generation and provision of health-
care. In addition, it also addresses the outputs and outcomes of health systems and 
health services provision such as efficiency, effectiveness, equity, and quality of 
care.

HSR also embraces operational research, aimed at designing and testing strate-
gies to solve specific health services provision problems. This area of research com-
prises the operational evaluation of programs or local interventions focusing on 
solving organizational problems [3]. Operational research requires special research 
abilities for overcoming barriers, such as inadequate perception of the research 
value that local health service managers and other stakeholders might have, and the 
capacity to identify structural or organizational obstacles that health services face to 
implementing health strategies and programs based on scientific evidence.

Implementation research is a novel field in HSR, in which new strategies are 
developed to set up interventions that have proven its efficacy and accessibility to be 
applied at health services level or scaled up at health system level, or even at multi-
country scale, with the purpose of demonstrating its effectiveness. This type of 
research has particular frameworks to guide the design and methodological proce-
dures, and the HSR community increasingly recognizes its relevance [4].

An essential characteristic of HSR is the participation of decision-makers in 
identifying and prioritizing the research question that often addresses the challenges 
to improving health system or services [4]. This feature is particularly relevant to 
develop feasible research projects within the routine operation of services, despite 
time constraints and health providers’ resistance for being involved or be the subject 
of research studies (i.e., evaluations of quality of care).

Researchers should be aware of all HSR attributes mentioned earlier when 
answering questions aimed at improving health systems and services and of the 
methodological challenges. For example, the selection of the appropriate study 
design, study population, method of data collection, and operational and ethical 
aspects. The design of innovative interventions and impact evaluations of programs 
or services are complicated. Due to the natural resistance of the providers, research-
ers should offer convincing reasons on the relevance of the results of the proposed 
intervention for improving the efficiency and effectiveness of health services.

Systems thinking is a valuable approach for health systems analysis; it provides 
a set of tools useful to develop intervention and evaluation designs. Systems think-
ing can help “to explore problems from a system perspective; show potentials of 
solutions that work across sub-systems; promote dynamic networks of diverse 
stakeholders; inspire learning; and foster more system-wide planning, evaluation 
and research” [5].
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12.1.2  �Conceptual Frameworks for Health Systems Research 
Focused on Aging

The need of a conceptual framework for HSR is a relevant matter due to the com-
plexity of this research area and the multiple dimensions and domains that its defini-
tion comprises. Several authors identified that such dimensions and domains have 
diverse meanings in low and middle-income countries than in high-income coun-
tries, and among different disciplines [6]. Therefore, HSR is not rooted in a unique 
conceptual framework, but in several frameworks; even though most of such frame-
works contribute to understand the relevance of this research area.

The Health Systems framework that in the year 2000 the World Health 
Organization (WHO) defined, also encompasses HSR, which in turn underpins per-
formance evaluations of health systems [7]. The WHO framework points out that 
improvement of health is the primary goal, and responsiveness to the needs and fair 
financial contribution of the people are two intermediate objectives for achieving 
health. Furthermore, health system performance depends on four core functions: (i) 
stewardship (oversight), (ii) generation of human resources (investment and train-
ing), and (iii) financing (collecting, pooling, and purchasing), which converge in 
(iv) service delivery [8]. Based on these concepts, HSR is appropriate to analyze the 
relationships between health system functions’ performance on accomplishing bet-
ter population health. However, the WHO framework has limitations to perform 
HSR on aging population, in which the analysis of health needs should consider a 
broader spectrum that comprises social determinants of health, coordination among 
public sectors (social networks, pensions, housing, and social services) to answer to 
the particular needs of the older adults that influence their wellbeing.

In 2008, the WHO published the World Health Report that emphasized Primary 
Health Care as the core of health systems [9]. This report underlines four broad 
essential concepts: universal coverage, people-centered care, integration of health 
into public policies across sectors, and health governance. The 2008 publication 
offset the limitations of 2000 report, since its conceptual framework reflected in a 
better way social values such as equity, response to people’s needs and expectation, 
community participation and public-sector responsibility. Based on these princi-
ples, HSR has a comprehensive pathway to face the challenges of research on the 
aging population area.

Several other frameworks are available to understanding health systems perfor-
mance, and different models can contribute to knowing HSR better. However, the 
vast diversity of research questions aiming at improving health systems perfor-
mance in a demographic and epidemiological transition era imposes enormous chal-
lenges. Acknowledging that health care for population aging requires innovative 
models, HSR should continue searching fundamental questions and developing 
conceptual frameworks. As Hoffman et al., indicated: “The field must avoid being 
captured by any single paradigm, tradition or discipline, or excluding any perspec-
tive that may be important or helpful” [7].
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12.1.2.1  �First Steps: The Research Question

Identifying the research problem is the critical challenge in HSR, and at the same 
time is the springboard for a valuable research project.

In addressing the HSR question, since the onset there are three sequential aspects 
useful for identifying the appropriate research topic (Table 12.1):

	1.	 The health problem or health condition. Identification of health population needs 
is essential to define the magnitude of the problem to be addressed and the size 
of the population approach: national, subnational, communities, households, or 
individuals.

	2.	 The health system or health services problem. Once the health condition is 
defined, the level of study should be determined: macro level (health system), 

Table 12.1  Sequence and examples to define with more precision the research question

Sequence Examples

The health problem Magnitude: prevalence, incidence, mortality.
Population affected, age, sex, ethnicity.
Type of health condition: health risk, acute or chronic 
disease.

The health system/health services 
problem

At health system level:
 � Population coverage
 � Financial protection
 � Resources (infrastructure or personnel)
 � Governance/stewardship
 � Quality
At health services level:
 � Access to facilities
 � Services utilization: demand of services
 � Affordability
 � Quality of care
 � Continuity of care
 � Coordination of services
 � Organizational aspects

The research problem Health care:
 � Needs
 � Seeking
 � Utilization
 � Consequences
Perspective:
 � Health policy
 � Health system
 � Health services
 � Population
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operational level (health services); additionally, the dimension where the prob-
lem is happening: access, health care provision, economic issues, etc.

	3.	 The research problem. Characterization of the health condition and the problem-
atic situation of the health system or health services facilitates identifying rele-
vant research problems and the pertinent perspective for the study question.

Once the scientists identify the research problem, then, the formulation of a 
rational research question should consider the current knowledge of the selected 
topic, regarding:

	a)	 The magnitude and distribution of the health condition
	b)	 The causes or association with the health condition (risk factors)
	c)	 Availability of effective interventions for tackling the health condition
	d)	 Evaluation of the interventions implemented for improving the health condition

The literature review is a necessary condition to learn about the state of the art in 
scientific evidence and recognize the value of a research question, thus avoiding 
duplication. Replicating studies performed in other contexts and not previously car-
ried out in the health services or health system of interest is valid but is essential to 
building a substantial justification of scientific relevance for the new research study. 
Such justification must support the additional knowledge that the research study 
will produce. Information about previous studies will also allow specifying the core 
question, regarding originality, relevance, and applicability of the study results. 
Also, it will guide to choose the type of study most suitable to respond the research 
question (Table 12.2).

Finally, formulating the research question should consider some challenges for 
the health systems researchers, which are particularly important to define the study 
[10, 11]:

	1.	 Usefulness of the results. The applicability of the information that the study is 
expected to obtain is a key point for HSR.  Therefore, the identification of 

Table 12.2  Purposes of research studies according to research questions

Research question Purpose of research study

What is the nature and extent of the 
research problem?

To explore little-understood situations at population or 
health systems/services.
To describe the phenomenon.

What are the causes or consequences 
of the problem?

To identify the reasons for the problem
To identify the associated factors with the problem.

What is the best solution for the 
problem?

Action research: To test strategies for improving health 
system/services performance or health status of the 
population.

How is the performance of health 
system, health services or health 
programs?

To evaluate:
 � Policy or programs design.
 � Process of care.
 � Results of policies, strategies or programs.
 � Impact of interventions.
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policy-relevant concerns of decision-makers is crucial to provide them with 
valuable results for being used for improving health systems or health services.

	2.	 Feasibility. Research needs financial resources to be carried out and is the 
researcher’ responsibility to obtain them; human resources, equipment, transpor-
tation are expenses required for HSR studies. Institutional or local capacity is 
seldom available and external financial support should be secured as a condition 
for a successful project.

	3.	 Political acceptability. The involvement of decision-makers at the beginning of 
the process is fundamental to assure the interest and permissibility of the research 
topic approach. Conducting HSR requires the support of policy actors, con-
vinced of the study relevance for improving their performance.

	4.	 Ethical pertinence. The scope and context of the study should be considered for 
identifying cultural sensitivity of the population and providers. Acceptability 
through informed consent is mandatory, and sharing study results to participants 
at the end of the project must be warranted.

12.2  �Study Designs and Methods in Health Systems 
Research

Health systems research aims at building scientific evidence to inform stakeholders 
(e.g., decision-makers, healthcare providers, citizens and civil society) on the popu-
lation health needs and performance of the health systems, as well as on scientifi-
cally sound policies, programs, and interventions for improvement [12]. To respond 
to the complex demands of the health systems, HSR incorporates multi-disciplinary 
research, combining multiple research designs and diverse methods of data collec-
tion and analysis.

As in other disciplines, the design of HSR studies should be guided by the 
research question (e.g., exploratory, descriptive, or causal), data sources (e.g., pri-
mary or secondary; qualitative or quantitative) and methods for data collection (e.g., 
literature review, focus groups, direct field observations, surveys, administrative or 
clinical records, etc.) and analysis (e.g., descriptive, inferential) [13].

Previous chapters of this book describe several HSR designs and methods (e.g., 
systematic review and meta-analysis, qualitative research, descriptive studies, lon-
gitudinal research, clinical trials, mixed-methods research). Therefore, we will only 
focus on those designs and methods not mentioned before or need further clarifica-
tions. Mainly, we will briefly describe cross-sectional studies, case studies, imple-
mentation research, impact and economic evaluations in HSR.
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12.2.1  �Cross-Sectional Studies

Cross-sectional design focuses on analyzing data collected in one point in time [13]. 
It can be conducted through a survey or analysis of existing databases (e.g., admin-
istrative, or electronic health record databases). This design is useful for different 
purposes (e.g., descriptive, analytical). Researchers use this design very often, since 
it saves time and money, although its main limitation is that cannot be used to mak-
ing causal inference. In HSR focused on older adults, cross sectional studies are 
used often to evaluate their health related needs (e.g., supportive care needs for 
activities of daily living, psychological problems, information needs etc.). In addi-
tion, this design is useful to analyze some aspects of the quality of healthcare that 
older adults receive, and to investigate factors associated with diverse health prob-
lems of older adults that allow researchers to generate hypothesis that eventually 
longitudinal studies could test.

As an example, in a study conducted in Mexico, the researchers analyzed the 
2006 Survey of Autonomy and Dependency (EDAD–IMSS; N = 3348) that aimed 
at identifying the different types of the social networks (TSNs) of older adults affili-
ated with the Mexican Institute of Social Security. The results described the main 
characteristics of older adults in each TSN, including the instrumental and eco-
nomic support they received; also, the study served to determine the association 
between functional dependency and the TSN.  Researchers identified the TSNs 
through using a structural approach and cluster analysis. The association between 
functional dependency and the TSN was evaluated with Poisson regression with 
robust variance analysis in which socio-demographic characteristics, lifestyle and 
medical history covariates were included. This study found five TSNs of older 
adults: diverse with community participation (12.1%), diverse without community 
participation (44.3%); widowed (32.0%); non-friends-restricted (7.6%); nonfamily-
restricted (4.0%). Older adults belonging to widowed and restricted networks 
showed a higher proportion of dependency, negative self-rated health and depres-
sion [14].

Another example is a descriptive secondary data analysis of patients’ health 
records to evaluate the quality of medication prescribing. The study analyzed 
records of 495 subjects aged 60 years of age or older, who were seen due to non-
malignant pain syndrome in primary care clinics. The Beers criteria and the medica-
tion appropriateness index (MAI) were the tools to assess the quality of medication 
prescribing. The study found that about 35% of patients had prescriptions with at 
least one inappropriate medication. According to MAI the most frequent errors were 
failure to provide practical instructions, prescription of drug combinations with 
potential drug-drug interactions, and inappropriate indications [15].
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12.2.2  �Case Studies

In HSR, case studies focus on complex HS related phenomenon within real-life 
contexts (e.g., a specific program in a single facility such as health centers, hospi-
tals, or community mental health centers; or a particular health legislation in a spe-
cific country) [16, 17]. Case studies design can be divided into two groups: single 
and multiple (comparative) case studies. Yin identified several important attributes 
of HSR case studies: (1) research question(s) should focus on “how” and “why.” (2) 
The theoretical proposition should guide operational definition of studied phenom-
enon, unit of analysis, selection of case(s), data collection, analysis, and interpreta-
tions. (3) A single case study can serve for theory-related analytic generalization; 
while, a comparative case study design allows external generalization by using rep-
lications, especially when there is a purposeful selection of cases. (4) Rival explana-
tions should be defined and tested; (5) Data collection should involve triangulation 
of evidence from multiple sources (qualitative and quantitative data sources).

The examples of single case studies in HSR focusing on the needs of the elderly 
describe specific health systems policies that took place in Australia [18] and Chile 
[19]. An example of a comparative case study is a research on the nature and func-
tioning of eight different public policy networks in the United Kingdom National 
Health Service, which included regional and metropolitan Older People networks 
[20]. The last study was based on theoretically informed questions obtained through 
initial literature review and used triangulation of information through different data 
sources, such as documents, notes taken at attendance meetings and semi-structured 
interviews with a range of key stakeholders. Examples for case studies referred to 
individuals and not health systems can be found in Chap. 5.

12.2.3  �Implementation Research

Implementation research seeks to understand barriers to and facilitators of imple-
mentation of policies, programs, or individual interventions into routine use, in 
usual care settings to provide guidance on their systematic uptake [21–23]. 
Implementation research is a final step in the traditional translational research con-
tinuum after efficacy and effectiveness studies [24]. In contrast to the randomized 
efficacy and effectiveness trials that focus on internal validity, implementation 
research puts emphasis on external validity [24]. It plays significant attention to the 
context in which interventions are adopted, scaled up, and sustained. According to 
the WHO, “the context can include the social, cultural, economic, political, legal, 
and physical environment, as well as the health systems and institutional settings, 
comprising various stakeholders and their interactions, and the demographic and 
epidemiological conditions” [23].

To accelerate the adoption of the intervention(s) the simultaneous evaluation of 
effectiveness and implementation aspects has been proposed by using 
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effectiveness-implementation hybrid designs [25]. The studies with these designs 
apply broad eligibility criteria, approximating “real world” use. In addition, hybrid 
and pure implementation studies employ a broad variety of qualitative, quantitative, 
and mixed methods. One of the examples, of this type of research, is a study on the 
implementation of an Evidence-Based Exercise Program for Older Adults in South 
Florida [26]. This study included 14 community-based agencies in 83 different 
locations and reached 4490 older adults. The study combined effectiveness and 
implementation evaluation using multiple sources of information, including 
descriptive/demographic data form, a health history register, a fitness check, and 
program satisfaction survey. Another example is a report on the implementation of 
the Whiringa Ora [27] community-based program in New Zealand aimed at facili-
tating interdisciplinary care for rural patients with a chronic disease who have high 
inpatient admissions or emergency department presentations. The study focused on 
evaluating the barriers, facilitators and impact of the program, and included a 
mixed-method design that combined qualitative and quantitative methods, such as 
in-depth interviews with patients and healthcare providers, analysis of patient 
records and telehealth measures on clinical outcomes and hospital resource utiliza-
tion and satisfaction surveys.

12.2.4  �Impact Evaluation

“Impact evaluation (IE) is a particular type of evaluations that seeks to answer 
cause-and-effect questions about the impact (causal effect) of a program on an out-
come of interest.” [28]. IE is an important mechanism that serves to identify the 
effect of public policies and programs. The results of well-implemented IEs can 
provide accurate and reliable information for accountability and evidence-based 
decision-making purposes [28]. Yet, these results do not provide insights into pro-
gram implementation.

IE can be performed prospectively and retrospectively. Contrary to the prospec-
tive evaluation, retrospective IE as any secondary data analysis may lack data on 
essential outcome variables and covariates that will limit the extent of the study 
conclusions.

Estimating causal effects in IE centers on the counterfactual that is “an estimate 
of what the outcome (Y) would have been for a program participant in the absence 
of the program (P)” [28]. At the same time, a same person cannot participate in a 
program and comparison groups; therefore, it is necessary to identify a valid com-
parison group with similar characteristics to the program participants. To obtain a 
valid comparison, both groups: (1) must have on average the same observed and 
unobserved characteristics; (2) must react to the program in the same way; (3) can-
not be differentially exposed to other interventions during the evaluation period. 
“When these three conditions are met, then only the existence of the program (P) of 
interest will explain any differences in the outcome (Y)” between intervention and 
control groups [28].
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The methods to produce valid comparison groups include: I. Methods that gener-
ate estimates of the counterfactual through explicit program assignment rules, based 
on the:

	a)	 Randomized assignment of the treatment, comprising: i) Randomized offering 
of the treatment – when researchers randomly select participants to whom they 
offer the treatment; yet, usually not everyone complies with the assignment. ii) 
Randomized promotion of the treatment or encouragement design, where the 
program is open to everyone and the researchers randomly select participants to 
whom they will promote the program. This method seeks to increase the uptake 
of a voluntary program in a subsample of the population.

	b)	 Regression Discontinuity Design for programs with a continuous eligibility 
index with a defined cutoff score (e.g., pension program, where only people 
above a certain age are eligible to receive the pension). This design estimates the 
average impacts around the eligibility cutoff at the point where treatment and 
comparison participants are most similar.

II.  When randomization or regression discontinuity designs are not feasible, 
observing only the before-and-after change in the program outcomes will not 
accomplish estimating the program’s causal effect because other factors are likely 
to influence on reasons for enrollment and on the outcomes. To avoid these possible 
selection bias, two other methods were proposed [28]:

	a)	 Difference-in-differences (DD) method “estimates the counterfactual for the 
change in outcome for the treatment group by calculating the change in outcome 
for the comparison group” [28]. The DD estimation include calculation of the 
difference in the outcome between the before and after data for the treatment 
(B −  A) and comparison (D −  C) groups and calculation of the difference 
between the difference in outcomes for the treatment and the comparison groups 
(B − A) −  (D − C). This method allows taking into account any differences 
between the treatment and comparison groups that are constant over time. 
However, it does not help eliminating the between-groups differences that 
change over time. Therefore, we must assure (or assume) that there are no such 
time-varying differences between the groups. If this assumption is not met and 
there is a factor that affects only the treatment group, when it receives the treat-
ment; consequently, the DD estimate might be biased.

	b)	 Propensity score matching is “a set of statistical techniques used to construct the 
best possible comparison group for a given treatment group based on “propen-
sity score” (PS) [28]. PS represents the probability (from 0 to 1) of participant’s 
enrollment to the program derived from the values of their observed characteris-
tics. PS is used to match participants in the treatment group with those in the 
comparison group based on the closest PS. Matching is a quasi-experimental 
approach which attempts to replicate randomized assignment to ensure that all 
determinants of outcomes (other than treatment status) are similar between the 
treated group and their matched comparisons. The necessary assumptions for PS 
matching are (a) conditional independence and (b) the presence of a common 
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support (overlap between propensity score distributions of treatment and com-
parison groups). The first assumption means that after controlling for observable 
covariates, the potential outcomes are independent of treatment status and unob-
served characteristics that could affect the outcome exist between the treatment 
and the matched comparison group. Therefore, when PS matching reduces overt 
selection bias owing to observed differences among study groups, it does not 
permit controlling for hidden unobserved differences.

In addition, the higher robustness of the estimated counterfactual can be achieved 
by combining different impact evaluation methods (e.g., matched difference-in-
differences or difference-in-differences regression discontinuity design).

Impact evaluations are highly used in HSR of policies and programs focused on 
the aging population. For example, in Italy, Battistin et  al. [29], used regression 
discontinuity approach to investigate the extent of the consumption decrease at 
retirement in Italy. The researchers assumed that consumption would be the same 
around the threshold for pension eligibility if individuals would not retire. The study 
showed that the fall in consumption could be explained by drops in work-related 
expenses, leisure substitutes and the number of grown children living with their 
parents.

In Taiwan, Liao et  al. [30], used longitudinal data from the Survey of Health 
Living Status of the Elderly and a difference-in-differences method to investigate 
the effects of the introduction of Taiwan’s National Health Insurance (NHI) on life 
satisfaction within the elderly. The study found that compared to the change in life 
satisfaction between the previously uninsured and insured senior men, the introduc-
tion of NHI had a more significant effect of 4.33 points on reducing the disparity in 
life satisfaction between previously uninsured and insured elderly women.

In Mexico, Doubova et al. [31], used data from the 2012 Survey of Health and 
Nutrition (ENSANUT) and PS matching technique to analyze the effects of Social 
Security (SS) and Seguro Popular (SP) health insurance (HI) on access to healthcare 
of older adults, and on the financial risk protection to their households in compari-
son with the population without health insurance. After matching on observable 
characteristics, researchers found that SP was inferior to SS-HI both in providing 
access to healthcare and in assuring financial risk protection for Mexican older 
adults.

In China, Wang et al. [32], used longitudinal data from the household surveys 
conducted one-year pre-, and 2 years post-intervention and DD estimate combined 
PS matching method to evaluate the impact of community-based health insurance 
scheme called “Rural Mutual Health Care (RMHC)” on enrollees’ health status 
measured by EQ-5D.  The results show that RMHC has a positive effect on the 
health status of participants, significantly reducing pain/discomfort and 
anxiety/depression for the general population and has a positive impact on mobility 
for those over 55-years old.
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12.2.5  �Economic Evaluation

Economic evaluation is a comparative analysis of alternative courses of action (e.g., 
policies, programs, specific interventions) regarding costs and consequences [33]. 
The primary reason for undertaking an economic evaluation is to produce informa-
tion on the efficient use of the resources in the healthcare sector. In fact, the eco-
nomic evaluation is an essential tool for priority setting [34].

Economic evaluation covers full economic evaluation studies (e.g., cost-benefit 
analysis, cost-utility analysis, cost-effectiveness analysis) and partial economic 
evaluation studies that consider costs and/or consequences, but which either do not 
involve a comparison between alternative interventions or do not relate costs to the 
benefits (e.g., cost analyses, cost-description studies and cost-outcome descriptions) 
[35]. The decision on the economic evaluation method requires considering poten-
tial uses for resource-allocation decision-making, availability of information and 
computational complexity [36].

Economic evaluations can be conducted from different perspectives that deter-
mine costs and consequences included in the analysis. There are providers, public-
payer, patient, or societal perspectives. The most comprehensive is a societal 
perspective that captures the value of all changes in resources used and gained as a 
result of an intervention, including informal caregiving and productivity costs [37].

Economic evaluations of health interventions can be based on data from a spe-
cific randomized controlled trial (RCT) or use decision analytical modeling [33]. A 
single randomized trial has some limitations for comprehensive economic evalua-
tion; Such as a short follow-up period inadequate to capture differences in important 
outcomes. Other limitations are the use of intermediate measures instead of the final 
health outcomes, narrow inclusion criteria, and specific local characteristics, that 
reduce the scope of the study’s conclusions [38, 39]. Conversely, decision analytical 
modeling use evidence from different trials, meta-analyses, and observational stud-
ies that allow estimations based on aggregate data from different sources, which 
consequently avoid single trial limitations [39]. The two frequently used model 
types are decision trees and Markov models.

The most frequently used in HST is a cost-effectiveness analysis (CEA). CEA 
compares the relative costs and outcomes (effects) of alternative interventions/pro-
grams to select the one with the highest effectiveness relative to its cost. Different 
effectiveness measures can be used in CEA, such as process measures (e.g., profes-
sional guidance adherence, patient adherence to medication), or health outcomes 
(e.g., mortality, or new cases of disease that were prevented, decrease in intensity of 
the disease symptoms, etc.) [35, 36]. The summary measure of CEA is a cost-
effectiveness ratio (e.g., cost per case averted, cost per life-year saved) at patient or 
population level. Incremental cost-effectiveness ratios are established by dividing 
the difference in costs of various implementation strategies by the corresponding 
difference in health outcomes [36].

Cost–Benefit Analysis (CBA)  is a full economic evaluation that estimates the total 
expected benefits of a program, compared to its total expected costs. CBA assigns a 
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monetary value to both costs and benefits of alternative interventions, assessing 
whether benefits of different interventions outweigh their costs [28, 35, 36].

Cost–Utility Analysis (CUA)  compares alternative interventions regarding cost per 
unit of utility gained. Utilities are measures that comprise both life expectancy and 
subjective levels of well-being of each intervention. The best-known utility measure 
is the quality-adjusted life year (QALY). The number of QALYs derived from a 
health intervention is the lifetime gained because of it, weighted by the health-
related quality of life (HRQoL). However, the use of QALYs in economic evalua-
tion of interventions that target older adults has several disadvantages [37, 40]. 
These include: (1) The reduced life expectancy of older adults usually reflects in 
lower gains in QALYs “produced” by an intervention for elderly population, com-
pared to the intervention for younger people; accordingly, the intervention for older 
people will be less valued. (2) The health gains that can be obtained in older adults 
are smaller, even if an intervention is successful it will not restore full health. At the 
same time, small health gains are measured poorly by instruments used to assess 
QALYs. (3) QALYs consider HRQoL, ignoring other effects of interventions impor-
tant for older adults like social effects; (4) EQ-5D and other instruments measure 
HRQoL regardless of age. “The HRQoL of older people will be underestimated if 
age-dependent measures of value are not considered” [40].

Despite a large number of interventions aimed at maintaining and improving the 
health of older adults, only a few assess its cost-effectiveness. Most CEA studies 
come from high-income countries; however, this type of studies is of paramount 
importance in low and middle-income countries due to the scarcity of resources for 
health.

For example, a systematic review of the literature carried out by Tappenden et al. 
[41], identified only three cost-effectiveness studies of home-based, nurse-led health 
promotion for older people. This report concluded that nursing care at home has a 
lower cost compared to hospital care; however, the authors acknowledged that due 
to the scarce scientific literature, the evidence of the cost-effectiveness of this type 
of services for health systems is still lacking.

In the US, Gitlin and colleagues conducted a cost-effectiveness analysis of an 
Tailored Activity Program (TAP) for individuals with dementia and family caregiv-
ers, which consisted of eight sessions by occupational therapists over 4 months, 
comparing it with home care (conventional care) [42]. Over a 4 month time horizon, 
the group of patients with the intervention showed a significant improvement in 
functionality and lowered the burden on the caregiver compared to the group of 
patients with conventional care. The cost of the intervention was $ 942 US dollars. 
The results of the Monte Carlo model showed that the intervention was cost-effective 
about 80% of the time.

The study conducted in the Netherlands, Graff et  al. [43], performed a cost-
effectiveness analysis of an intervention that consisted of 10 sessions of occupa-
tional therapy in patients with dementia compared to conventional care without 
occupational therapy. In a time horizon of 5 weeks, it was found that the cost of the 
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intervention was $ 1738 US dollars; being cost-effective for the improvement of the 
patients and in the decrease of the burden of the caregiver.

12.3  �Overall Recommendations

Researchers working in HSR arena should be able to understand the importance and 
the scope of performing a type of research that has multiple and different layers that 
range from the individual to the complicated international scenario. HSR is a cross-
pollination of knowledge coming from different disciplines. To be able to perform 
this type of research, scientists must be able to work collaboratively with peers that 
have diverse conceptual backgrounds and scientific philosophies. Furthermore, they 
must develop the capacity to listen and raise the interest of various stakeholders 
such as donors, politicians, and the industry, among others. Also, researchers should 
acquire the skills to keep a policy dialogue, learn about the context of the health 
systems, identify the problem and the research question, work closely with decision 
makers, providers, and the public, and be able to translate the scientific evidence 
into persuasive messages and recommendations for all parties involved. The inter-
action between researchers and decision-makers should be constructive; though 
researchers must understand that political, economic, social and personal agendas 
influence the decision-making process. The meaningful scientific evidence is 
another valuable component of such process.

HSR influences and speeds up the evolution of health systems and the body of 
knowledge is building up through assembling experimental data and theoretical 
concepts. Health systems are dynamic and evolve quickly, yet in many countries, 
the political and financial contexts shape the architecture of the health systems and 
the health policy agenda. Given the wide variety of arrangements and evolutionary 
stage of health systems globally, along with the complex mix of unsolved and 
emerging health needs and demographic changes, it seems that HSR is a Sisyphean 
task. As in other research fields, conducting HSR means perspiration rather than 
only inspiration and the effort should be tangible with the evidence that perfor-
mance of health systems and health status of the population are improving. Thus, 
HSR scientists must try harder in their efforts to make better contributions.

12.4  �Conclusions

The contribution of HSR to improve health systems and health services for the 
aging is particularly relevant. We all are aware that the elderly has specific health 
needs, and in developing countries, their health status is more vulnerable, given the 
social and economic conditions they endure throughout life, thus increasing the 
probability of chronic illnesses and dependency. The aging of the population, the 
rising trends of dependency and the poor health status of the older adults, impose 
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important challenges for any health system. Thus, the contribution of HSR should 
be able to strengthen the capacity to respond to such challenges.

The chapter provides a general description of study designs and methods in health 
systems research focused on aging population; it is intended to be descriptive and able 
to give an appropriate springboard for those who plan to do HSR. We are aware that 
are excellent textbooks for each of these designs. We directed our effort to provide a 
comprehensive view and practical examples from our experience and the literature.
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Chapter 13
Technology and Aging: Ubiquitous Sensing 
Technology for Aging Research

Jesús Favela and Luis A. Castro

Abstract  Advances in Information and Communication Technologies (ICT) are 
impacting aging research in multiple ways, ranging from analyzing large volumes 
of data from longitudinal studies to assessing the efficacy of assistive robots. This 
chapter focuses on using ubiquitous technologies for gathering behavioral data from 
individuals to understand how we age, assess the effectiveness of interventions, 
perform early diagnosis of diseases, or monitor disease progression. The ubiquity of 
inexpensive sensors, most notably in mobile and wearable devices, and advances in 
pattern recognition algorithms capable of reliably inferring activities and behavior 
is providing a new and powerful tool for aging research. We describe how these 
technologies can be used to monitor clinical variables and health outcomes in inter-
ventions for aging and illustrate their use with case studies on assessing frailty, 
inferring anxiety in caregivers of people with dementia and monitoring eating 
behaviors. We conclude by discussing some of the issues facing research in this area 
regarding data quality and privacy.

Keywords  Gerontechnology · Ubiquitous sensing · ICT · Technology and aging

13.1  �Introduction

Advances in ICTs are impacting aging research in numerous ways. One notable 
case is the use of sensing technologies to support epidemiological studies and clini-
cal interventions in aging. Behavioral epidemiology studies how lifestyle and 
behavior relate to the occurrence of a disease and evaluates interventions aimed at 
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changing unhealthy behaviors, such as overeating or smoking. Numerous diseases 
provide early evidence of their onset from changes in behavior, long before con-
firmed by clinical studies. In particular, mobile phones and wearable devices include 
a variety of sensors that can be used to gather data about users’ behavior, such as the 
places they visit, their level of activity, and how frequently and with whom they 
socialize. The collection and analysis of these data have been the focus of recent 
attention in an emerging field known as mobile sensing, which can offer valuable 
data to aging research. One such example is the Health eHeart study at the University 
of California at San Francisco, which used smartwatches to collect heart rate data 
from 196,000 participants that have been used to predict hypertension, sleep apnea, 
and diabetes with 80 to 90% accuracy [1]. Epidemiological studies, such as the 
Framingham Heart study and the Women’s Health study at Harvard, are increas-
ingly incorporating data obtained from mobile and wearable sensors. A notable 
example is the Precision Medicine Initiative in the U.S., which aims at creating a 
cohort of one million participants who will contribute biological and genetic data, 
as well as behavioral and lifestyle information derived from sensors in the mobile 
devices they use and wear.

This chapter presents three case studies that exemplify how sensing technology 
can be used to support research on aging. Section 13.2 describes the field of mobile 
sensing for healthcare, including the ubiquity of mobile and environmental sensors, 
and how data on human behavior can be derived from it. We then present three case 
studies that illustrate how data for aging research can be obtained from individuals 
and populations. Finally, in Sect. 13.3 we discuss some of the challenges facing the 
development of this field regarding data quality and addressing privacy concerns.

13.2  �Activity and Behavior Monitoring Through Mobile 
and Environmental Sensing

Self-report is a technique commonly used to collect data for aging research using 
questionnaires or surveys. Through this method, data regarding behaviors, activi-
ties, and beliefs are collected directly from the individual, or a third person such as 
family member or caregiver. While convenient and useful, self-report can provide 
unreliable information from users who might not be sufficiently aware of their 
activities, might not remember important details of their behavior, might be biased, 
inclined to exaggerate, or simply lie when answering questions from the researcher.

In contrast with self-report, studies that rely on Real World Evidence (RWE) use 
information obtained from data gathered from patients in real life settings. This is 
increasingly made possible by the ubiquity of mobile and wearable devices capable 
of sensing information related to the user’s environment and the development of 
algorithms capable of inferring the activity and behavior of the users of these 
devices. For instance, while a frailty questionnaire might include questions on the 
amount of physical activity performed by the patient in the last few days (i.e. fre-
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quency of performing moderate activity, such as walking), data from an accelerometer 
worn by the patient can be used to give a fair estimate of the number of steps walked, 
overall physical activity, and number of calories burnt.

Behaviors, mannerisms, or actions that can be estimated with good accuracy 
using mobile and wearable sensors and are relevant to research on aging, include 
physical activity, sleep, coughing [2], anxiety [3], or socialization [4]. These 
advances are making possible the use of behavioral cues as the basis for novel com-
puting systems that can be used to support a range of healthcare solutions. This 
includes early diagnosis on conditions that might have distinct behavioral symp-
toms, such as Parkinson’s disease; ambulatory assessment of patients under obser-
vation, such as those who have undergone surgery; assisting in the management of 
a disease by for instance recommending medication doses according to how it 
affects behavior in that individual; detecting problematic behaviors in conditions 
such as dementia to intervene before such behavior harms the patient (e.g., wander-
ing); and in interventions aimed at inducing behavior change to assist the user to 
adopt healthier behaviors such as exercising more or stop smoking.

Mobile sensing is mainly carried out with modern mobile phones and wearables 
such as smartwatches. Those devices have been augmented with several built-in 
sensors that can provide information relevant to health studies. Some of these 
devices include up to 15 hardware-based sensors such as accelerometer, gyroscope, 
magnetometer, GPS, microphones, proximity, luminosity, among others. These sen-
sors can be used to derive certain user behaviors. For instance, the accelerometer 
can be used for estimating gait speed, step counting, or physical activity. There are 
several technological frameworks that can help rapidly deploy these types of studies 
such as Funf (http://www.funf.org), AWARE [5] or InCense [6]. Deriving relevant 
healthcare variables from sensed data could be relatively straightforward, such as 
estimating geographic lifespace from GPS traces. However, other variables may 
require more sophisticated pattern recognition algorithms such as those used to esti-
mate gait speed from accelerometer data from a smartphone, or even novel deep 
learning algorithms that have been used to find promising correlations between 
heart rate and diabetes. Interdisciplinary work from healthcare specialists and data 
scientists in this field will redefine how healthcare data are captured, analyzed, and 
used to diagnose, assess and manage healthcare.

In this section we illustrate how mobile and environmental sensing technology 
can be used to more reliably measure parameters of interest for functional assess-
ment, detecting anxiety in caregivers and monitoring eating habits, which are tradi-
tionally obtained from self-report. Using sensing for assessment enables data to be 
gathered opportunistically as informants perform everyday activities through unob-
trusive and ubiquitous sensors, such as mobile phones. This also allows for continu-
ous monitoring rather than requiring patients to attend a clinic to complete surveys 
or be interviewed. We first present how mobile phones can be used to obtain behav-
ioral data related to frailty, including data on mobility and activity. We then describe 
how wearable sensors can be used to detect anxiety in caregivers, and, finally, we 
describe how mobile technology can be used to monitor eating habits.
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13.2.1  �Functional Assessment of Older Adults Using 
Smartphones

Functional assessment often relies on self-report or is carried out at the doctors’ 
office. This approach has validity problems as patients may under-report or exag-
gerate symptoms. Also, patient assessment at the clinic has ecological validity prob-
lems since it is based on occasional physical tests performed in a laboratory 
setting.

One such test at the doctor’s office may include the Timed Up and Go test, which 
is used to assess older adults’ functional mobility, gait speed, and risk of falling. 
Frenken et al. at OFFIS in Germany proposed an unsupervised approach to perform 
an equivalent test using ambient sensors in a domestic environment [7]. The test can 
be performed continuously, given the physician a more reliable assessment of func-
tional mobility than a test that is performed in a lab every few months, at best. 
Walking speed and fatigue are among the factors associated with the frailty syn-
drome [8]. Unobtrusively monitoring gait speed over a period of time, for instance 
in a route frequently walked by an individual, could provide early evidence of 
fatigue.

The frailty syndrome is of particular interest for the functional assessment of 
older adults Frailty is a state of increased vulnerability to adverse health outcomes 
for people of the same age [9]. The frailty syndrome involves several aspects such 
as involuntary weight loss, exhaustion, muscle weakness, slow walking speed, and 
low physical activity [8]. Frail people are at high risk for major adverse health out-
comes, including disability, falls, institutionalization, hospitalization, and mortality 
[10]. The clinical assessment of older adults is to a large extent based on retrospec-
tive accounts of incidents. This can be unreliable as patients often do not remember 
or try to hide or minimize negative incidents. For example, widely-accepted instru-
ments to estimate frailty in older patients include questions such as “In the last 
week, in how many days you walked at least 10 min?” and “How frequently do you 
speak with your friends/spouse?” Often, responses to these questions are hardly 
precise, having older adults providing rather vague answers to questions of this 
nature. Therefore, mobile sensing represents an attractive approach for estimating 
some of those variables (e.g., physical activity, socializing with others) that could 
correlate to surveyed data of older adults pertaining to frailty.

We used a mobile phone and InCense [6] to assess frailty in older adults and 
compare it with the results of the clinical assessment. We recruited 15 community-
dwelling older adults, average age was 75.3 (SD = 1.8), for gathering data from their 
activities and behaviors. Four of our participants were classified as frail, based on 
the frailty index developed by Fried [8]. We collected data from several sensors in 
the mobile phones including location, audio, and others. The functional assessment 
of frailty in elders included standard inventories such as the Katz instrument for 
measuring activities of daily living [11] and the SF-36 health survey [12].

From our results, which can be consulted at [6], we found that that sleeping time 
in frail participants was larger than for fit participants. Also, not surprisingly, frail 
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participants went out of their households less often than fit participants. In addition, 
we found that participants who were fit performed significantly more intense activ-
ity bouts than those who were frail. Finally, we were also able to estimate our par-
ticipants’ geographic life-space [13], which can be used to identify individuals in a 
community that may be at risk of not living a prosperous life or to determine early 
functional decline in older adults with a reduced life-space. Some of these results 
are not particularly astonishing from a medical point of view, but they were obtained 
through sensor data collected from their mobile phones. As opposed to conventional 
self-report methods, ambulatory assessment methods aim at measuring certain 
aspects while the participant undergoes normal daily activities. Therefore, mobile 
phones can be used for ambulatory assessment, which can support research in this 
area and provide reliable, ecologically-valid data.

13.2.2  �Detecting Anxiety in Caregivers to Support Cognitive 
Behavioral Therapy

Caring for people with dementia (PwD) is a demanding and stressful activity that 
frequently causes anxiety and might lead to depressive disorders in caregivers. 
Cognitive behavioral therapies can assist caregivers by providing coping strategies, 
such as breathing exercises or seeking social support. Some of these strategies can 
be more successful if they are enacted when the person is experiencing anxiety, but 
even the caregiver might not realize that she is experiencing anxiety or its conse-
quences, which is one of the main drawbacks of using subjective ratings based on 
questionnaires and self-report. Sensors in smartwatches can be used to obtain physi-
ological data, which can be used to infer state anxiety when the subject is experienc-
ing a stressful situation. This could trigger coping strategies to reduce anxiety and 
improve the caregiver-PwD relationship.

We conducted a study, using the naturalistic enactment technique, in which 10 
subjects were asked to care for an older adult who acted as if she was experiencing 
dementia [14]. Each subject cared for the PwD in 3 sessions, one per week, which 
lasted approximately 30  min. We used wearable devices to record the following 
physiological signals from the participants: Galvanic Skin Response (GSR), Heart 
Rate (HR), and Electroencephalography. To establish ground truth, we analyzed the 
videos of the sessions and asked participants to take notes during the session includ-
ing their level of perceived anxiety. The physiological signal was processed in peri-
ods of 30 s to calculate 9 features from GSR and HR data. We obtained an average 
precision of 78% when recognizing two possible states: “Anxious” and “Not anx-
ious”, using a Support Vector Machine classifier [15]. A Markov chain model was 
evaluated using Inter-beat Interval data obtained from the HR signal, to detect 4 
internal states: “Relaxed”, “Arousing”, “Anxiety”, and “Relaxing”. The average 
accuracy obtained was 73%.
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The results provide evidence that the experiment elicits state anxiety and that it 
can be detected using wearable sensors. While the analysis was conducted in short 
intervals, triggering a coping strategy would normally be done after accumulated 
evidence has been obtained from a few minutes of data, reducing the probability of 
incurring in false positives, or missing false negatives.

13.2.3  �Monitoring Eating Behaviors from Photographs Using 
Crowdsourcing

One aspect of interest for aging research is monitoring food intake, given the impli-
cations that may have for several metabolic disorders and diseases diagnose and 
treatment. In particular, beyond identifying food that may be detrimental to the 
patient’s health and wellness, monitoring nutritional content and caloric intake can 
be useful for clinical assessments. Advances in automatic behavior recognition and 
monitoring have fostered the development of computing systems aimed at support-
ing behavior change. Eating behaviors of interest might include eating late at night, 
prolonged fasting, or regular fast food consumption.

Monitoring eating behaviors by nutrition specialists has been traditionally 
addressed with various strategies including: a) paper-based logs and computational 
systems that facilitate meal logging, and b) automatic recognition approaches. 
Paper-based methods for monitoring eating behaviors include food records, food 
frequency questionnaires, or forms that include a meal description and time of 
intake. Mobile phones have been increasingly used to support this task, with apps to 
help individuals record their meals and coach them on healthful habits, such as 
Noom (noom.com) or Calorific (calorificapp.com). Regardless of the method used, 
both of these approaches rely on self-report, meaning that individuals must explic-
itly enter detailed data regarding their food intake on a daily basis. In the long run, 
this can be burdensome for individuals being monitored. Automatic recognition 
approaches are desirable due to low overhead but are of little practical use due to 
low accuracy.

To monitor food intake, it is desirable to burden subjects as little as possible 
without sacrificing accuracy. Burden-wise, an approach that is based on taking pho-
tos of the meals can be very convenient. Since high-precision automatic recognition 
is still underway, photos of meals can then be collectively analyzed by a crowd, who 
can help assess nutritional content or caloric intake. Still, knowing what type of 
approach to use for assessment to maximize accuracy and reduce burden in those 
rating photos is not a trivial question, for which we proposed and evaluated six 
assessment approaches (see Table 13.1), which were compared regarding Latency 
(time to make an assessment), Cognitive Load in raters, and Accuracy by raters.

From our results (see [16] for further details), in terms of Latency, participants 
required, on average, less than 30 s to assess one photograph across all approaches. 
Participants took less than 7 s, on average, to asses A4 and A3. In contrast, A5 was 
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the one with highest latency (28.02 s). Regarding Cognitive Load, A1 scored the 
highest cognitive load. Conversely, A3 and A6 were perceived as the tasks with less 
cognitive load. Finally, regarding Accuracy, A1 and A4 had a low accuracy score, 
and A5 and A6 registered an acceptable accuracy, which improved with additional 
answers from the crowd.

Based on a modified version of A5, we developed Lucy a digital assistant aimed 
at helping patients undergoing weight-reduction treatment. We worked closely with 
a nutritionist clinic, in which doctors and nurses consult around 100 patients in 
terms of nutrition. We evaluated Lucy with patients of the clinic. Both Lucy and the 
crowd assessment have the potential to facilitate the work of nutrition experts in 
coaching numerous patients 24/7. Potential users were positive about adopting Lucy 
for future use.

13.3  �Data Quality in Behavior and Activity Monitoring 
for Aging Research

Studies in mobile sensing for healthcare produce large, complex datasets with infor-
mation opportunistically gathered from distributed sensors in mobile devices. This 
raises issues regarding the organization and sharing of the large amounts of data 
collected. Some of these issues include the heterogeneity of the devices, diversity of 
sensors used, and the need for data provenance when integrating datasets from 
diverse studies. Assessing quality is of paramount importance for conducting 

Table 13.1  Six approached proposed for assessing nutritional content or caloric intake

Code Approach Description

A1 Number of 
calories

The individual estimates the number of calories contained in a meal, 
from looking at the photograph

A2 Food groups The individual selects the food groups perceived from the photograph. 
The participant has to estimate the quantities (none, some, adequate, 
plenty) of each of the following food groups: fruits, vegetables, cereals, 
legumes, and animal origin. This is based on the Official Mexican 
Standard NOM-043-SSA2–2005 for a balanced diet

A3 Healthfulness 
scale

The approach is designed to assess the healthfulness of food in the 
images. The user rates the photograph in a scale from 1 (not healthful) to 
7 (very healthful)

A4 Caloric range This approach is similar to A1, calories in the meal shown in the photo 
are estimated by selecting one of six 200-cal intervals (e.g., 401–600)

A5 List of 
ingredients

The user types in all the ingredients that she thinks are contained in the 
meal shown in the photograph, even those not in sight such as salt or 
cooking oil.

A6 Similar 
images

The participant selects from a set of 9 different images the one she 
believes is the most similar to the photograph presented. This action is 
repeated twice, the second set of images depends on the first image 
selected.
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longitudinal studies and building on historical knowledge as new data become 
available.

In mobile sensing for healthcare and aging research one of the main concerns is 
generating reliable datasets that can be used to push forward the boundaries of the 
area, which necessarily involves providing structure to the data. While current 
efforts have yielded promising results, we believe that scientists could benefit from 
a distributed repository of aging datasets. These datasets are to be curated and inte-
grated to facilitate conducting new research in aging such as generalizing previous 
findings when comparing with new data from a different population and conducting 
longitudinal studies controlling for the conditions in which data were gathered over 
long periods of time.

In Table 13.2 we present some of the data management issues currently faced by 
the research community in mobile sensing for healthcare. These issues need to be 
addressed if a data infrastructure from which to continuously construct new knowl-
edge and validate previous findings is to be made available. This is particularly 
important in aging research involving mobile or wearable devices, as the issues are 
to be increasingly present.

One issue that is of great concern for the development of aging research is that of 
preserving the privacy of participants, particularly since behavior and healthcare 
information are being recorded. Mobile and wearable devices collect large amounts 
of data from individuals and families. Although certain computational methods can 
be applied to data to remove sensitive information, it has been shown that with as 
little as the date of birth and zip code, one individual can be identified with a great 
degree of certainty.

One technical solution to partially address privacy concerns is for all data pro-
cessing to be processed on the mobile device (e.g., mobile phone), but cost in terms 
of battery and processing power can be high. Other approaches involve data anony-
mization and encryption. Ultimately, addressing privacy involves considering social 
and technical approaches, and developing proper regulatory frameworks.

Table 13.2  Data management and collection issues for mobile sensing

Category Issue Responsible

Research Heterogeneity in data gathering Researchers
Data annotation Researchers
Data pre-processing Researchers
Limited data sharing Researchers

Legal Privacy Participants/Researchers
Ethics Researchers

Engineering Heterogeneity in sensor data Hardware vendors
Dispersion Researchers/stakeholders
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13.4  �Conclusions

The emergence of these novel forms of ICTs offer unprecedented opportunities for 
scientists and practitioners to better understand and potentially influence patients 
and their contexts. These advances are being helpful in stepping up our understand-
ing of human dynamics and contexts. Even more, a better understanding comes with 
an opportunity to provide adequate services to patients and potentially influence 
their attitudes and behaviors.

At the same time, these emerging technologies pose new challenges for well-
established research methods as some of them will have to be rethought, reshaped, 
or overhauled. Technologies that could provide a continuous data stream of mea-
surements for researchers and physicians were unthinkable two decades ago. 
Modern mobile and wearable devices, coupled with their augmented capabilities 
and ubiquity, are indeed creating new opportunities for measuring behavior, con-
ducting epidemiological studies, and enacting interventions to change behavior. 
Mobile and wearable devices can boost medical studies by gathering data from 
larger populations, increasing the frequency of reporting and providing more reli-
able data based on the continuous monitoring of actual behavior rather than from 
sporadic interviews that rely on self-report. Analysis from larger populations, for 
instance, could result in findings that take into account differences in groups regard-
ing gender, age, or upbringing, with results drawn rather rapidly and with higher 
ecological validity.

Finally, when comparing these emerging technologies to traditional approaches 
in research, there are stark differences between the types of data that can be col-
lected (e.g., audio, video) as well as the frequency in which measurements can be 
taken (e.g., continuous), all of these with higher ecological validity. Nevertheless, 
there is plenty of work ahead to supplement current methods, rethink some of them, 
or perhaps create new methodologies that can take full advantage of the opportuni-
ties being offered to aging research by technology. Still, one of the big questions 
that will need to be addressed is whether revising current methods (and instruments) 
by increasing the frequency of measurements, increasing data quality, aggregating 
data from various sources, and having higher ecological validity will have, ulti-
mately, medical significance. That is, if any improvements to current methods or 
new proposed methods will have an ultimate effect on the health outcomes of 
patients. Undoubtedly, incorporating these emerging technologies to research on 
aging will provide a different lens through which researchers, practitioners, and 
family members can scrutinize subtle changes in patient conditions and behaviors, 
perhaps before it is too late. Ultimately, what technology will surely provide, as it 
has been shown in other disciplines, is an increase of the scope, depth, and complex-
ity in the design of much more comprehensive studies in the area.
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Chapter 14
The Challenge of Big Data and  
Data Mining in Aging Research

Juan Carlos Gómez-Verján and Luis Miguel Gutiérrez-Robledo

Abstract  Population growth and fast evolution of several technologies into almost 
every corner of human activities have become a constant in the modern society 
nowadays. Consequently, an enormous amount of information is generated every 
day, from many sources, such as: web information, mobile phones, social media, 
scientific reports, medical and healthcare information among others, resulting in the 
so called Big Data. Digitization, storage, collection, and particularly analysis of pat-
terns on these data have led to advances in data sciences (Data Mining) to obtain 
valuable information from people necessities, demands, hobbies, and activities 
daily from such databases (Big Knowledge). On the other side, aging has become 
one of the main challenges of modern societies, since there is an increase on preva-
lence of chronic pathological conditions and aging associated outcomes. Biomedical 
and clinical research have experienced several advances in the last years with the 
implementation of omics technologies and digitization of healthcare, in this context, 
Big Data and Data Mining become a powerful tool to obtain valuable information 
that could be used to approach the complexity of the aging process and the clinical 
implications for older adults. Several companies and governments all over the world 
have already started to successfully implement these types of technologies from 
pharmaceutical developments to public health issues. Although future seems prom-
ising novel holistic approaches are needed to implement a multidisciplinary agenda 
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that could help us understand the complexities of human aging and develop the 
appropriate interventions to improve older people’s health in healthcare systems.

Keywords  Big data · Data mining · Big knowledge · Systems biology · Public 
health

14.1  �Big Data

Along with the population growth worldwide, and the fast evolution of technologies 
into almost every corner of human activities, an enormous quantity of information 
is generated every day, from many sources, such as: web information, mobile phone 
usage, social media activities, consumer preferences, financial systems, climate 
information, scientific reports, medical and health care information [1], moreover, 
the software and data business company Domo Inc. on its annual report of the 
world’s data generation called “Data Never Sleeps 5.0” for 2017, indicate that there 
are almost 3.7 billion users in the global internet population, and there is an output 
of 2.5 quintillion bytes a day of data created daily [2]. In this context, the digitaliza-
tion, storage, collection, maintenance and analysis of these data have led to advances 
in data sciences and into the so called “Big Data Era”. This revolution has led to 
changes in prevalent paradigms, since most of these data cannot be managed by 
traditional and conventional techniques for data management, and novel infrastruc-
ture and approaches for data sciences need to be taken by executives, academics and 
economist all over the world.

John Mashey a researcher form Pennsylvania University in computer science 
was responsible for making the term “Big Data” quite popular in the early 1990’s 
decade. Nowadays, Big Data is usually defined as huge amount of data (in the order 
of Terabytes-1012 bytes and Petabytes-1015 bytes) highly complex, that within a 
reasonable period of time cannot be captured, managed, processed, interpreted and 
organized as information that could be read by human beings or traditional data 
processing software [1]. Most of the technologies used for these novel approaches 
are computational linguistics and machine learning. Table 14.1 indicates some of 
the main software available for the Big Data processing and management. In this 
context, accordingly to Davenport, Big Data could be classified in two main groups: 
machine-generated (data created by machines without human intervention) and 
human-generated (created with human intervention).

14.1.1  �Data Mining and Big Data Analysis

Managing data is one of the most important issues once you start to work with Big 
Data, several authors have stated different methodologies to start to work with, that 
in general could be divided by: Data collection, Data measures, Data Analysis and 
Knowledge discovery [3], accordingly to: Volume (data generation and processing 
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numbers), Velocity (data processing in concordance with data generation speedi-
ness) and Variety (quality of data i.e. type of data and if it is structured or 
unstructured).

Data Analysis and Knowledge discovery will make us get novel and useful infor-
mation from the databases that could be useful for prediction, classification and 
innovation depending on the type of information we are working with. In this con-
text, the so called Data Mining defined as an analytic process designed to discover 
or extract patterns, novel information and systematic relationships from variables of 
large data sets (usually Big Data) [4], involving also the process of storage and pro-
cessing the data, as well as the complicated process of presenting the results in a 
way understandable and easily interpretable for everybody The last goal of Data 
Mining is the prediction of patterns, the term was first coined by Piatetsky-Shapiro 
and Frawley in the early 90’s when there was a rush for developing novel algorithms 
for data processing in business by several software and data companies all over the 
world [5], it was originally called Data Collection by IBM in the 60’s. Data mining 

Table 14.1  Main software available for big data and data mining processing

Software Characteristics Type

Apache Hadoop Is an open-source software for the processing, and storage 
of big data, using MapReduce programming models on 
computer clusters, therefore, there is no problem with 
hardware, it possess the ability to handle limitless 
concurrent jobs or task

Open source

HPCC systems 
big data

This is a platform for transforming, querying and data 
warehousing, implemented on commodity computing 
clusters to provide high-performance on data parallel 
processing for big data

Open source

Mongo DB Is a no-SQL database, written in C++, that helps to store 
and analyze big data

Open source

R-programming R programming language, has been designed and 
implemented as a data mining tool and is widely used for 
data analysis and machine learning applications, currently 
there are a series of packages available for big data

Open source

RapidMiner Is a software platform that provides integrated environment 
for data preparation, machine learning and predictive 
analysis

Commercial

Knime Is a leader in the analysis (machine learning), integration 
and reports for big data, it possess an open source version 
available for public in general and a quite remarkable 
commercial version for specialized data scientist

Open source 
and 
commercial

Orange Is an open-source data visualization, machine learning and 
data mining highly used tool that possess algorithms for 
predictive modelling it could be used as a Python library

Open source

Spark Is an open-source cluster-computing framework that 
provides an interface programming for big data analysis, 
maintenance and analysis.

Open source

IBM SPSS 
modeler

Is a data mining workbench for analyzing and developing 
predictive models suppported by IBM SPSS software

Commercial
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techniques are the result of a long process of research in product and business devel-
opment, that began when the business of data warehousing and collection began to 
grow.

In order to make Data mining usable as an important tool it involves the complete 
understanding of the architecture of the data and the analytical methods to be used, 
since predictive relationships of data may not necessarily represent causes of an 
action or a behavior [6]. Although a detailed review of the complete Data mining 
technique is beyond the scope of this chapter, briefly, the process of data mining 
consists in 3 different stages [7]:

	A)	 Exploration and Collection of data: At this stage of the analysis we usually 
focus on the type of data we are going to work with, the type of data, and the 
nature of the analytical problem we wish to work with. Usually this stage 
involves the process of data curation [8], i.e. selection of adequate data with 
complete meta-information for the analysis, transforming data to the correct 
format for the software analysis, type of variables and predictors to be measured 
and usually exploratory analysis.

	B)	 Modelling the data: Building a model involves the knowledge of the kind of 
answers you wish to apply or the type of prediction you wish to do; since there 
are several software packages with already known models developed [6]. This 
stage is critical and involves the highest and most elaborated process in Data 
mining, in this context, there are a wide variety of techniques, such as: associa-
tion, normal statistics, classification, Bayesian statistic, and several machine 
learning techniques [9] such as: clustering, neighborhood, decision trees, neural 
networks, deep learning, bootstrap aggregating, boosting, etc.

	C)	 Deployment and validation of the data: Building the model is not the end of the 
analysis, and once the model has been processed and evaluated, you must vali-
date and interpret the results, their significance, and in case how does the novel 
information could be classified, remembering that Data mining is not statistics, 
we do not care how the data is distributed but what is the potential of such data 
for prediction and, or pattern identification [10]. Moreover, if you gained knowl-
edge from the data you will then need to organize and present such results in a 
way that anyone in the field could use it. In this stage, there are several examples 
of informatics tools useful for deployment of the data and the exporting of algo-
rithms, such as: predictive model markup language, portable format for analyt-
ics, confusion matrices, SQL, R-algorithms, Python, applications for Java and 
several programming tools [11].

14.2  �Big Data and Health

It is widely known that health involves the production of an enormous quantity of 
data including diagnostic results and images, medical records, laboratory results, 
public health registry in the different levels, and data produced for biomedical and 
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for clinical research [12]. In this context, Ruckenstein et al. [13] proposed the so-
called “datafication of health” i.e. the conversion of all aspects of health at its differ-
ent levels, into quantifiable data, meaning that all techniques that are currently being 
used for Big Data and Data mining could be applied to analyze health at different 
levels, the so called “Biomedical Big Data” (BBD). Moreover, the value of health 
research based on non-traditional data streams services from internet such as: 
e-mail, online purchasing and video conferences has already been demonstrated 
[14].

BBD could help us analyze and store people’s information throughout their lives 
on: diseases, phenotype, genotype, behavior, environmental location, occupation, 
and clinical data, making therefore, health-predictions easily for individuals and in 
consequence for populations [12]. In this context, it could provide of the correct 
tools to governments, public health departments, and decision makers for the imple-
mentation of the adequate prevention politics and interventions, in order to improve 
health on population, for instance, machine learning techniques have allowed sev-
eral medical disciplines to create more accurate prognostic and diagnostic models 
based on pattern recognition (computer-aided detection), that could help physicians 
to improve their diagnosis [15]. Several governments all over the world have started 
to invest and create departments dedicated only to the analysis of BBD, for instance, 
the National Institutes of Health (NIH) launched the “Big Data to Knowledge” 
(BD2K) initiative in 2012 [16], which involves multiple research centers such as the 
Big Data for Discovery Science Center and the Center for Expanded Data Annotation 
and Retrieval, as well as a set of focused individual research and training projects, 
to enable biomedical research and consider novel approaches in data science, to 
facilitate discovery and support new knowledge, the most important objective of 
this initiative is to index software to operate these datasets; on the other hand, the 
e-Health Action plan for 2012–2020 for the European Commission of Health, has 
allocated 2 billion € under Horizon 2020 program to invest in research and innova-
tion on Big Data [17] as well as, a public-private partnership with a budget of 1.638 
billion from the EU commission and 1.425 from other life sciences industries and 
organizations. Moreover, an Oxford Economics revealed that at least 70% of health-
care companies are looking to invest in Big data, Data mining and cloud computing 
expecting a significant impact in innovation in several topics on healthcare field. In 
this context, as stated by Vayena et al. [14], it is important to think of health-related 
big data as an evolving ecosystem.

14.3  �Big Data in Epidemiology

Epidemiology and public health, have changed dramatically over the last years, and 
are now more interconnected with so many other sciences due to the global advances 
in technology and to the interdisciplinary nature of such sciences. Nowadays, the 
use of Big Data for epidemiologist is as referred by Salerno J., et al., “the explora-
tion and interpretation of very large and complex datasets derived from pooling 
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cohorts, from omics projects, electronic stored medical records, and health digital 
information” [18], since usually a normal epidemiologist turns for primary and sec-
ondary data sources to initiate its study, however, in the Big Data era, there is an 
enormous amount of information and sources of data (medical records, biobanks, 
geolocalization, shopping habits, genomic data, pharmaceutical prescriptions, 
social behavior, among others). In this context, novel epidemiologist must be pre-
pared for time-consuming data collection, curation and storage, as well as, novel 
approaches using Data Mining tools and statistical approaches, as well as novel 
ethical and legal challenges related to potential harms of Big Data use, including 
confidentiality and privacy issues and other potential concerns from institutions and 
public agencies all over the world.

Several examples of epidemiological studies and Big Data have arisen over the 
last years, among the most important projects is the Nordic Arthroplasty Register 
Association (NARA) database which includes information concerning implant 
brands, fixation methods, and implant survival,, since 1995 in Denmark, Finland, 
Iceland, Norway, and Sweden, generating information from more than 1 million 
patients from each of the different countries [19] in each of the countries; other 
interesting example is the Observational Medical Outcomes Partnership (OMOP) 
which is a public-private partnership formed by several public and private represen-
tatives including the Food and Drug Administration (FDA) and members of the Big 
Pharma industry mainly focused on pharmacoepidemiology using and incentivizing 
novel healthcare databases through electronic health records allowing therefore, 
linkage possibilities and the possibility of a lifelong complete follow-up [20]; more-
over, South Korea which is a world leader in information technology infrastructure 
launched in 2011 the so-called Big Data Initiative, which established a pan-
governmental big data network and analysis systems, it was so important that in 
2014 the ministry of science of such country released the Medical information con-
sulting program to collect medical data and customize treatment and help the 
national health insurance service become more efficient, providing information to 
patients such as: duration of illness, cost of treatments, medical services, cases per 
location, institutions specialized in diseases; and to medical industry of pharmaceu-
tical trends, distribution of drugs, medical equipment and devices most asked for by 
the population [21]. A very successful case example was the Seoul National 
University Bundang Hospital, which was the first hospital in the Asia-Pacific region 
to fully digitalized big data, and doctors and nurses are able to configure systems 
with precise clinical information, improving time of patient referral from 48 h to 
4–6 h, and for example reduce the dosage of antibiotics before surgery [22].

14.4  �Big Data Biomedicine Research and Omics

It has been years since the Human Genome Project results were published, and biol-
ogy experienced a revolution; as well in our understanding of biological mecha-
nisms as well as in access to an enormous amount of biomedical data now freely 
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available. Novel -omics tools are being daily applied to several topics in biomedical 
research projects in the last few years (genomics, transcriptomics, proteomics, epig-
enomics, metagenomics, metabolomics, and microbiome, among others) [23]. 
Moreover, this information now helps us understand relationships between geno-
type, phenotype, behavior, and many outcomes of human beings through the devel-
opment of the so-called Systems Biology (Fig. 14.1) [16].

However, information obtained from such technologies increases dramatically, 
as well as the need of developing public repositories. Besides, each Omic experi-
ment represents challenges, since standard nomenclature and analysis for genes are 
not the same for proteins or metabolites. Each technology involves the production 
of different data in different formats (Table 14.2), standards for information and 
meta-information are needed so that stored data is clear enough for interpretation 
and re-use from other scientist to compare and reproduce experiments [24].

In the last few years, there has been an international effort from several consortia 
all-over the world to develop and standardize -omics technologies results to be used 
and published e.g. for Genomics (Minimum Information about a Genome/
Metagenome Sequence from Genomic Standards Consortium), Transcriptomics 
(Minimum Information about a Microarray Experiment from Functional Genomics 
Data Society), Proteomics (Minimum Information about a Proteomics experiment 

Fig. 14.1  Holistic points of view in systems biology. Analysis coming from different omics tech-
nology could only be helpful if we have a holistic approach from different levels this is the objec-
tive of systems biology
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from the Human Proteome Organization), Metabolomics (Core information for 
Metabolomics), Epigenomics/Transcriptomics (Minimum information about a 
high-throughput Nucleotide sequencing Experiment by Functional Genomics Data 
Society) [24]. In this burgeoning context, information will soon be reproducible and 
amenable to knowledge translation into personalized medicine.

14.5  �Challenges of Big Data and Aging

It is widely known that life expectancy all over the world has increased in the last 
few years. According to the World Health Organization report on Aging and Health, 
in 2016 global life expectancy for females is 73.8 and 69.1 for males [25] as life 
span grows, the prevalence of chronic conditions and age associated disease 
increases, and becomes a matter of interest for several public and private stakehold-
ers. Multi-morbidity results from this phenomenon and represents a challenge for 
health care systems. Diversity increases as we age, and disadvantage plays a signifi-
cant role in modelling these differences, which vary widely throughout a lifetime. 
In this very complex and diverse context, recent advances on information, commu-
nication and biomedical technologies such as electronic devices, medical digital 
diagnostics and prescriptions, medical assistive and wearable devices, personalized 
medicine and genomics, among others, represent an opportunity for an efficient use 
in order to provide the health-care system with new tools based on anticipation, 
prevention and an improved continuum of care. Besides, another field of develop-
ment, as electronic medical records improve and become widespread; could be the 
use of a Big Data approach to provide decision makers in the public and private 
sectors with novel information for planning interventions and public health policies; 

Table 14.2  Main omics used in biomedical research and most common formats

Omics Technologies used Formats

Genomics Genotype microarrays, DNA-
seq, Whole genome sequencing, 
Whole exome sequencing

FASTA, FASTQ, SAM, BAM, VCF, CEL, 
CSV, GFF, BED, LOH, SNP, IGV, MUT, 
TSV, JSON

Transcriptomics RNA-microarrays, RNA-seq, 
SAGE-seq

FASTA, FASTQ, BAM, SAM, CEL, RES, 
CSV, GFF, GCT, GFF, BED, IGV, SEG, 
TSV, JSON

Proteomics Protein chips, Mass 
spectrometry, 2-D gel 
electrophoresis, 
Mononuclear-NMR

mzML, TraML, mzIdentML, mzXML, 
mzData, mzQuantML, MSF, tandem, omx, 
dat, FASTA, PEFF, mzTab, PRIDE XML, 
MGF, ms2, pkl, TSV, CSV

Epigenomics ChIP-Seq, MeDIP-Seq, 
DNase-Seq, Mnase-Seq

FASTA, FASTQ, SAM, BAM, CSV, TSV, 
GFF, SEG, BED, WIG, txt

Metabolomics Mono and heteronuclear-NMR, 
Mass spectrometry, 
Chromatography and mass 
spectrometry,

CDF, mzML, mzXML, mzData, 
mzQuantML, txt, TSV, CSV, CVR, VSN, 
mzIdentML
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and to help develop new pharmaceutical and health device resources answering to 
the needs of an aging population [26, 27].

Modern developments in Big data and Data Mining represent an opportunity to 
improve multidisciplinary exchanges “Big Knowledge” and accordingly to William 
Callaghan a novel paradigm in the scientific method, since id. “...comprehensive 
data coverage unearths causal relationship between phenomena…” [28], which is 
not far away from most of modern scientific projects for instance, most genomic 
projects involve first the genome acquisition and consequently the data analysis to 
develop a hypothesis. However, since Big Data involves a holistic approach multi-
disciplinary research groups must be created so that results could improve in order 
to raise the probability of moving towards the right conclusion especially in the field 
of aging, where a continuous monitoring and correct interventions, as well as pre-
vention are among the main challenges for health systems [26]. However, we must 
be aware of the fact that already, among the complexity of aging in modern life; the 
lived reality of big data should be approached with caution because all the data we 
are shedding every day is too revealing of our intimate selves but may also misrep-
resent us. Like a fluorescent light in a dark corridor, it can both show too much and 
not enough [29]. Therefore, we do not really know the true potential or the dangers 
of big data analysis, and we must be restrained in our approach and look for a bal-
ance between enthusiasm and the reality of our limitations. It’s important to men-
tion that any government that adopts any type of Big-Data approach on public health 
must create policies for the protection of individual data and at the same time pro-
mote access and sharing for the use of such data for public benefit [14].

Over the past few years many long-term care programs have been implemented 
for aging in several countries such as: Japan, Taiwan, USA, Australia, Canada, 
South Korea, and Denmark, which intended to implement information and com-
munication technologies to improve long-term care systems the so-called aging in 
place [26]. Even so, Japan’s government made mandatory the long-term care insur-
ance system and implemented the “Guideline to promote the Appropriate Use of 
Information Systems in Care for the Elderly in Conjunction with At-home Care” to 
stimulate Big Data networks of information from healthcare providers and licensed 
in home caregivers, nursing and doctors, as well as information from patients such 
as residence, medical treatment, nursing, etc. [30]. Another successful example of 
the implementation of Big Data to healthcare systems in older people, is the 
Australian e-Health Research Centre which have almost 50 researchers, software 
engineers and doctorate students developing technologies in partnership with clini-
cians to improve health care systems. They have developed an innovative platform 
for cardiac rehabilitation, using wearable devices and mobile phones [31]. Moreover, 
several start-up companies have moved into the field, such as the New York based 
Hometeam Inc. which developed its own software to match caregivers with families 
through mobile technology in a very personalized care planning for older adults. 
Another successful example is CareZapp Inc. located in United Kingdom; they 
developed a mobile app that creates an ecosystem platform connecting caregivers, 
volunteers, family, friend and doctors to improve the health of older patients, by 
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means of in-home sensors, wearable devices, and mobile phone with notifications 
24/7 of patient status [32].

14.6  �Globolomics of Aging Research

For decades, researchers in the biology of aging have focused on defining mecha-
nisms that modulate aging by primarily studying a single metric, sometimes 
described as the “gold standard” lifespan. Increasingly, geroscience research is turn-
ing towards defining functional domains of aging such as the cardiovascular system, 
skeletal integrity, and metabolic health as being a more direct route to understand 
why tissues decline in function with age (see Chap. 4 on Geroscience). Each model 
used in aging research has strengths and weaknesses, yet we know surprisingly little 
about how critical tissues decline in health with increasing age and how the different 
systems interact. We know very little as well about the interplay between the bio-
logical mechanisms of aging and chronic disease.

Over the last few years, research on the molecular foundations of aging and con-
sequently anti -aging therapies, have increased dramatically, just to mention an 
example, a search for the words: “molecular” and “aging” in PubMed database gets 
almost 35,563 documents, increasing from 553 documents in 1997 to 3551 in 2017. 
It becomes clear that several Omic approaches have been critical for progress in the 
field, performed either with clinical human samples or with animal models (C. ele-
gans, S. cerevisiae, M. musculus, Rattus norvegicus etc). In this context, there is an 
enormous amount of information freely available in the web, consequently, Big 
Data and Data Mining approaches become relevant in order to systematically extract 
information and obtain knowledge from such.

As previously mentioned nowadays there are several Omics technologies avail-
able, however integration of the data is the main challenge in the field and remains 
a black box in genomic studies [33], however a new way to improve our understand-
ing of the aging process is acknowledging its complexity and developing new meth-
ods capable of embracing it. The use of such technologies and its results, each omic 
tool, will only give an answer to specific different questions i.e. proteomics will give 
us information that may be or may be not be related with metabolomics. Therefore 
globolomics (or “deep phenotyping” leading to molecular or genetic epidemiology, 
albeit at a finer resolution) approaches must be consider when performing studies in 
aging so we could have a systems approach of results. Moreover, association with 
physiological conditions must be consider [34], projects such as the Human 
Physiome Project become increasingly important, as their analysis could give us a 
better approach to the proportion of genetic and environmental (nature and nurture) 
participation in aging and consequently, contribute to the development of a novel 
aging theory.
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14.7  �Expectations on Big Data in Aging

It’s been quite a few years since the declaration of the Madrid International Plan of 
Action on Ageing, called for the elimination of the inequalities in health-access and 
to the development of novel health-care systems policies for older people [35], and 
although it’s still a long and arduous road to travel, novel technologies on informat-
ics, genomics and communication could help us diminish such inequalities and 
move forth in all the fields of aging research. In this context, there are a lot of inter-
national efforts already being successfully developed from private and public sec-
tors, and a number of researchers and governments are already compiling aging and 
health information in current databases [30, 31, 36]. The more we learn on Big Data 
and Data Mining the faster we will close this gap.
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Chapter 15
Research in Public Policies for Aging

Elizabeth Caro-López and Ernesto Velasco-Sánchez

Abstract  Evidence-based decision-making is an imperative for conducting effec-
tive policies, particularly in the case of aging. Systematic research can contribute to 
better decision making by clarifying concepts, allowing us to place an issue into a 
larger theoretical framework and by providing evidence on what works. It can help 
to assess the efficacy, efficiency and legitimacy of different policy alternatives. 
Finally, it can inform of the potential problems that could be faced and present evi-
dence of the effectiveness of the adopted policies. This chapter offers a brief review 
of the contributions that researchers can make at different stages in the policy cycle.

Keywords  Public policy · Evidence-based policies

15.1  �Introduction

A public policy is not a single action of government in response to specific political 
circumstances or social demands of the moment. Public policy has been defined in 
several ways; for the purposes of this chapter we will use one of the most compre-
hensive definitions. Public policy is everything the government does, and the main 
objective is to match goals to facts, purposes and mandates that it receives from 
society through a process that brings together resources, laws, organizations/institu-
tions and programs [1].

The process of satisfying the needs that are thought to be in public interest is 
complex. Each need must be clearly identified and recognized and, ideally, it should 
have a minimum level of social consensus to merit public action. There are aspects 
of social development in which there is general agreement in favor of public action, 
such as the provision of public services, education, health, and public safety, among 
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others. New areas of development have been included more recently in governmental 
action, such as gender equality, promotion of a sustainable environment and, with-
out a doubt, the aging population.

In today’s societies there are increasing interests and needs to be attended to, and 
the most recent discussions include not only the list of needs to be addressed but 
mainly the priorities, as well as the forcefulness and immediacy in which they can 
and must be attended to.

What priority does attention to age and aging have in the actions of institutions? 
What economic, material and human resources are assigned to them and how should 
they be assigned? What are the costs and the benefits? Are the interventions defined 
by the evidence? How are these interventions evaluated?

All these questions reveal that public policy on a complex issue like the aging of 
the population requires two interrelated approaches: one political-normative 
approach that consists of understanding and attending to needs that are concordant 
with the legal framework, and one techno-scientific that implies collecting enough 
evidence to enable the government and its institutions to set priorities and act effi-
ciently and effectively.

The development and implementation of evidence-based public policies is a 
challenge worldwide, since most government decisions are not based on enough 
evidence or scientific-technical knowledge does not become available fast enough 
for the policy designers to be efficient. Another factor in the policy cycle can also 
explain the gap between the politically defined needs to be addressed and the tech-
nologies and actions implemented to do so.

This chapter aims to show the importance of a close relationship between the 
policy sciences and the decision-makers in the field of age and aging. In particular, 
how can research contribute to better policies in this area and relevant contributions 
to different stages of the policy-making process? In Sect. 15.2, an overview of the 
policy-making process is offered, with attention to the usefulness of research in 
each stage. Section 15.3 discusses the challenges that have to be overcome in order 
to increase the use of research in decision-making.

15.2  �The Process of Public Policies

Conventionally, policy-making has been looked at as a process, meaning a series of 
interconnected decisions that aims to solve or manage a public issue or problem. 
The most popular model is the policy cycle that depicts policy-making as a series of 
tasks, each one producing elements necessary to perform the next, resulting in a 
feedback loop [2]. There are several versions of this model, and in the following 
paragraphs, we explain each stage briefly.
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15.2.1  �Establishing Public and Government Agendas

An agenda is a set of issues or challenges that are considered to be important. The 
public agenda is shaped by the convergence or social agreement on the salience of 
an issue. The government agenda is made up of the issues included in the social 
agenda that public officials decide to act upon. This decision is influenced by the 
priorities of the political elite and the representatives of the people (i.e. members of 
Congress).

At present, the issues of age and aging of the population are on most public and 
government agendas both nationally and internationally. However, the understand-
ing and level of attention given to the issues involved can vary widely among differ-
ent stakeholders and the manifestation can also differ from country to country and 
even from region to region within a single country. For the international community, 
represented by the United Nations (UN) and the World Health Organization (WHO), 
the issue is mainly of interest because of its implications on health, social develop-
ment and human rights. In recent years this interest has increased, not only due to 
the growth of the population 60 years of age or older, but also because of the condi-
tions in which people are aging and the implications for family, society and 
governments.

The UN has shown interest in the issue of older adults since 1948 when the 
General Assembly approved Resolution 213 (III) relating to the project for the 
Declaration of Old Age Rights. Since then it has been approached indirectly by the 
General Assembly and by organisms interested in social issues [3]. It was not until 
1977 when the problem was put forth directly with emphasis on the need to organize 
a world assembly on older adults, and in 1978 it was agreed that this conference 
would take place in 1982. The Second World Assembly on Ageing took place in 
2002. These meetings have resulted in a large number of documents that propose 
different approaches to dealing with the issue. WHO has always been concerned 
with this issue, but after 2000 it began to promote specific studies such as the Study 
on Global Aging and Adult Health (SAGE). Another example of how the question 
has become more relevant is the fact that April 7th of 2012, World Health Day, was 
dedicated to the topic of aging and health.

There seems to be a growing consensus as to the importance of the issues of 
aging and adult health, seen from a wider perspective that involves the health sci-
ences, but also aspects such as human rights, human development and equality.

15.2.2  �Defining the Issue

If there is one crucial aspect in defining a public policy it is the definition of the 
problem itself. Techno-scientific evidence is of vital importance at this stage. In the 
case of aging, there seem to be sufficient technical and scientific reasons to argue 
the important of paying attention to this issue, as there seems to be a worldwide and 
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local consensus that the population is getting older and that this has implications in 
society. However, defining a public policy problem is not as simple as it may seem: 
an agreement is needed as to what the core characteristics are, age and aging itself, 
and what preventive or care alternatives are available in order to avoid situations 
such as frailty, sarcopenia, disability, dependency or the geriatric syndromes. What 
are the dimensions and causes? Who is affected and to what extent? And, how will 
this situation pan out if nothing is done about it? Does the government have the 
capacity to deal with these issues? There are many different answers to these ques-
tions, some which can be derived from evidence and others that require a political 
and ethical approach.

Usually, there is plenty of information on each of the aspects mentioned: statisti-
cal data, surveys, ethnographic studies, scientific studies, clinical trials, and more. 
One can safely assume that the more variables included in a particular issue, the 
more complicated it becomes to define or to prioritize an intervention. The mere 
existence of information does not guarantee that it will be used, as we will see later.

Once the problem or issue at hand is defined, we need to analyze what to do in 
order to improve the situation. Different ways of defining an issue will result in dif-
ferent approaches in dealing with it. That is why establishing an adequate definition 
of the problem is so crucial and to a great extent determines the result of the next 
stage in the policy cycle.

15.2.3  �The Making or the Formulation of Public Policy

This stage refers to identifying options for solving the problem previously defined. 
The assessment of which alternatives are considered viable depends on such ele-
ments as social acceptance and pressure, available resources, institutional capabili-
ties and even administrative traditions, among others [4]. The formulation of a 
policy requires the clear identification the following elements:

•	 The goals and priorities. A clear indication of the desired results of the policy is 
a crucial element. For example, it’s not enough to say that the policy will improve 
the quality of life of older adults. It has to specify exactly what that means in all 
aspects to be covered, as well as which aspects will be dealt with first in accor-
dance with the situation in each community, along with what parameters will be 
used to measure the improvement in the quality of life. For this, the review of 
good practices in different countries could be helpful.

•	 The existing alternatives. In order to achieve the goals stated, alternative pack-
ages of interventions must be identified and assessed. Research could contribute 
in a large extent to tackling this aspect. Being aware of similar policies and pro-
grams in national and international settings would make it possible to optimize 
costs and maximize benefits of an intervention, to avoid duplication, and to pro-
mote inter-institutional and multidisciplinary work. An example of this is the 
World Report on Ageing and Health and the Global Strategy and Action Plan on 
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Ageing and Health 2016–2020, both published by the WHO. Integrated strate-
gies such as those suggested by WHO allow the organization of different inter-
ventions taking into account social and economic outcomes, both in terms of 
health and wellbeing of older people, along with enabling their on-going partici-
pation in society.

•	 The risks. All interventions may cause unwanted effects, meaning that they could 
generate situations that could be worse than the alternative of not doing anything 
at all. Programs could be designed without enough evidence and over time that 
their benefits are limited and that they even have adverse effects. One such case 
is the use of vitamin E, which in some places is recommended on a daily basis as 
an “anti-oxidant”; however, recently, meta-analysis shows that even though it 
could prevent cardiovascular illnesses and cancer, in high doses it could increase 
the risk of death [5].

•	 Alternatives that maximize results. Because of the need to optimize health care 
expenditures, being able to ensure that an intervention is viable and positive in 
terms of cost-effectiveness often becomes a decisive factor. In general, this type 
of study is carried out by both, medical and administrative personnel. Ideally, 
they do it together since this will allow for the overseeing of the optimization of 
resources per se, but also will also allow for achieving health objectives with 
more benefits than costs. For instance, healthy aging is the result of lifestyles 
throughout life. It is thus important to invest in promoting a healthy lifestyle and 
preventing illness during the course of life.

Ideally, the identification of these elements should be included in the research on 
age and aging.

Without evidence, the alternatives could be biased by the personal preferences of 
the decision-makers or be too inertial, just marginally different from past interven-
tions, causing substantial contribution to be made. Even worse, the lack of research 
or omitting the use of existing research could lead to a worse situation for those 
affected by policy decisions.

15.2.4  �The Decision or Choosing Among Options

There are three aspects to be taken into account here: technical viability, which 
generally considers economic resources, infrastructure and human capacities; polit-
ical viability, which relates to the probability of cooperation among different actors 
(public, social and private), as well as leaders of opinion and the media; and social 
viability, meaning, it is necessary for communities to accept and adopt the policy 
and become active agents in moving forward with it.

In the case at hand, policies on population aging spread significantly around the 
world since the 1980s, with the celebration of the World Assembly on Ageing 
(Vienna 1982). Consensus was clear regarding the impact on development that the 
increase in the population aged 60 or 65 years and over would have. In this sense, 
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political viability was increased, and government and academia spoke in favor of 
the aging agenda, resulting in greater political viability. This was followed by an 
increase in the social acceptability of the issue, thanks to the emergence of a larger 
and strengthened set of non-governmental actions, increasing the social viability of 
aging policies.

The third aspect, referring to technical viability, has been harder to achieve, since 
the generation of specialized infrastructure and human capital compete for resources 
with other needs that are often considered as higher priorities or that are more profit-
able politically, such as public safety, gender equality, child protection or the sus-
tainability agenda, to name a few examples.

In cases in which a minimum of political, social or technical viability is not 
achieved, the intervention should not necessarily be scrapped. It means only that the 
probability of it being carried fully forward in the long-term is reduced.

15.2.5  �Implementation

Once a policy is decided on, we proceed to its execution. For many years this stage 
was not considered problematic, since there was an instrumental view of public sec-
tor organizations that would execute mandates without question or conflict. 
Bureaucracies exist to implement the orders of their political masters, and disciplin-
ary procedures make sure of this. Since 1970, and as a result of uneven results 
delivered by well-intentioned policies, this assumption came into question. The 
implementation can also be a source of innovation and legitimacy of policies. On 
one hand, organizational capacities and politics can derail a well-designed policy 
(implementation failure). It could be that the policy itself was faulty (design fail-
ure), and public managers are forced to introduce changes in its operation to salvage 
it and improve its effectiveness and its acceptance by the community. The role of 
street-level bureaucrats and professionals is of special importance. They have direct 
contact with the target groups and their skills, political savvy and adaptive capaci-
ties can make things work or fail [6]. For example, social workers’ decisions as to 
who is entitled to receive treatment could be optimal or produce errors, such as 
including people that do not have the intended profile (excess error) or excluding 
others that do (failure error) [7]. In general terms, it can be said that the implementa-
tion of public policy on population aging has been slow, mainly due to a lack of 
adequate and sufficient infrastructure. The slow development of human resources 
destined to the specific attention of the older adults, for example, and the scarce 
formation of geriatricians, have also been important obstacles. However, it is also 
important to point out that the way we view this issue has been transformed. While 
in the eighties there was talk of the population of 60 years, it was regarded as just a 
minority within the general population, while today the impacts of aging on several 
aspects of human development are recognized.

The implementation of public policy faces a double challenge. On one hand is 
the need to address the specific needs of older people, taking into account that it is 
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a very diverse group. The needs of older people are different depending on whether 
they are 60, 70 or 80, if they live in the city or in a rural area, if they are male or 
female, if they have chronic diseases, etc. There are different approaches to dealing 
with the problems of an aging population, a population that will face a diverse set of 
challenges. Promotion, prevention and attention each require a different type of 
expertise, specialists and infrastructure. On the other hand, finding needed and suf-
ficient evidence to support the aging population requires public policies with a 
transversal approach, similar to the gender approach, due to the impact it has in all 
areas of a country’s development.

15.2.6  �Evaluation

The evaluation of a public policy is, in general, a systematic process of collection 
and analysis of information for the purpose of showing the efficiency and effective-
ness of interventions. Evaluations are a type of research and, therefore, require fol-
lowing technical and ethical standards that apply to research. The evaluation can be 
internal, that is, to assess the way the agency responsible for the policy is perform-
ing, or external, that is, to see if the interventions are generating public value. In the 
first case, the focus is on the adequate and cost-efficient use of resources (effi-
ciency), as well as on determining the convergence between the objectives pro-
grammed vis-a-vis the results achieved (efficacy). In the second, the main interest is 
to identify and measure the effects produced by the intervention (effectiveness).

Evaluations could be classified according to who carries them out, their purpose, 
their content and the time they are applied. According to Osuna and Márquez [8], an 
evaluation could be performed by the same team that designs and implements the 
policy, by an external team, or by a mixed team of insiders and outsiders. Regardless 
of who performs the evaluation, the most important thing is to define the objective 
of the evaluation – whether it is for generating information or whether it is required 
for administrative control, to introduce reforms, to rationalize resources, or to docu-
ment the lessons derived from the intervention.

It is desirable that evaluation be considered from the beginning of the designing 
of any intervention. Several aspects can be evaluated: from the design of the policy 
in order to have a reference of the expected results and the adequacy of the assumed 
theory of change, to the short-term results and long-term impacts or changes in 
society derived from the execution of the policy. The implementation and manage-
ment processes can also be assessed. The evaluation of policy can take place at dif-
ferent moments, providing information on different aspects of the intervention. An 
evaluation performed after the intervention (ex-post) will produce information 
about its results and even impacts, given more time and an adequate operationaliza-
tion of the expected changes in the situations of the individuals that experience a 
need or a problem. What impact is expected from a low salt diet? What impact 
would regular physical activity have on a person with diabetes? What would be the 
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results of promoting ballroom dancing among older adults? What would be the 
indicators and standards for measurement?

An intermediate evaluation or one that takes place during the course of an inter-
vention is focused on gathering details on implementation and management in terms 
of cost-benefit. Lastly, an evaluation that is performed before the intervention 
enables us to learn the details of the design of the entire intervention to thereby 
allow us to identify the coherence between the selected means and the desired goals.

Although many public policies are well designed and implemented, they may not 
necessarily solve the problem posed, and could even have unwanted effects, or turn 
out to be excessively expensive and therefore unsustainable. Evaluation has gradu-
ally become more relevant to the public policy process. However, it is still most 
commonly considered only at the end of the period of intervention and implementa-
tion, mainly focusing on determining their impacts. The paradox is that, since no 
adequate methodologies have been established to allow for this sort of evaluation, it 
is impossible to determine ex-post the effects of the policy. It’s rare for sufficient 
economic and human resources to be assigned and the results are not always used to 
change or even make a decision on whether to finalize the intervention.

There is no doubt that this is an area where scientific research could bring great 
added value to the process of public policy. Adequate and non-biased evaluation can 
provide important input for decision makers, providing arguments to defend good 
policies and increasing the level of legitimacy of public interventions [8].

In the case of the SAGE provides key information on demographic characteris-
tics (age, sex, marital status and education), family arrangements and transfers, par-
ticipation in the labor force and sources of income, and also, the state of physical 
and mental health of older adults. This can be used as a formative evaluation that 
can improve the implementation of public policies in the region. However, it is nec-
essary to follow up on the application of this survey, constantly update information 
and incorporate different countries into the study. This would make it possible to 
have data not only for each of the countries, but also for the region, which in turn 
would allow for interconnection with other initiatives such as the Global Strategy 
and Action Plan on Ageing and Health 2016–2020.

15.3  �The Role of Researchers in Decision Making

In the previous section, an overview of the policy cycle has been presented, with 
emphasis on the potential benefits of using research in each stage. In the following 
pages the usefulness of research will be further explored along with the reasons 
policy decisions find using research challenging.

In general, research can contribute by clarifying concepts and allowing to place 
an issue within a larger theoretical and evidence field. It also can provide tools for 
making estimations regarding the efficacy, efficiency and legitimacy of different 
alternatives. It can provide evidence on what has worked in the past in a given policy 
area. Finally, it can provide information on the potential problems that may have to 
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be faced and present evidence on the effectiveness of the adopted policies. Table 15.1 
summarizes these contributions.

From the previous review of contributions, it is easy to make a case for promot-
ing a closer relationship between researchers from a wide array of disciplines and 
policy decision–makers. The development of policy sciences was the result of the 
discipline’s founders who sought to create an alliance between science and govern-
ment [9]. However, achieving this has proven challenging. In fact, it is more the 
exception than the rule. What are the reasons behind this? For Lindblom and Cohen 
the explanation is that social science is only one of many ways in which policy-
makers are informed, and sometimes it is not even the best [10]. Experience and 
intuition play a role that can be very important. Others blame the misunderstandings 
between the community of decision-makers and the researchers. Researchers gener-
ate information that is of limited relevance to the practitioners or make unrealistic 
suggestions that do not take into account the restrictions that the public-sector faces. 
This “two- communities” explanation rests on pointing out that academics and 
decision-makers live in separate realities, defined by divergent values, incentives 
and languages [10]. Others have considered this position simplistic: there is evi-
dence of important networks that put practitioners and researchers in touch with 
each other along with the fact that a sector of public managers, even though not the 
majority, do make continuous use of scientific evidence [11].

Use requires two elements: that the information is understood and taken into 
account in the decision-making process and that this process would have been dif-
ferent in absence of such scientific data [12]. There is a wide array of forms for the 
use of the scientific information. In the case of the results found in evaluations, 
Landry, Amara y Lamaru [13] define the following steps in a ladder of utilization:

•	 Transmission: capacity to communicate data or knowledge;

Table 15.1  Contributions of research to the policy process

Needs of the decision-maker Potential contributions of research

To define public problems Definition of issues
Determining causes and the components of the issue
Determining who is affected by the issue
Estimating the consequences of different alternatives

To formulate alternatives Alternatives for tackling the problem
Defining objectives and priorities
Estimating risks, costs and benefits
Estimating the monetary cost of interventions

To select an alternative Estimating technical viability
Estimating political viability (social research)
Estimating social viability (social research)

Implementation/intervention Actors who should be involved
Means of ensuring the results

Evaluation of the intervention Criteria for quantitative or qualitative evaluation
Recommendations for improving or terminating an intervention
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•	 Cognition: the information is read and understood by the decision-maker;
•	 Reference: the information is quoted in documents such as reports, plans, pro-

grams, etc.
•	 Effort: there is an effort to adopt the conclusions derived from the information by 

decision-makers;
•	 Influence: the information influences the defined alternatives and the decisions 

made;
•	 Application: information leads to new uses or new data and knowledge-

generating projects.

There are some challenges or obstacles that make it difficult to make use of the 
evidence found on the higher steps of the ladder. Some are related to the research 
itself, the clarity of its language and the relevance of the guiding questions, methods 
and conclusions. Here, the credibility of the source of evidence is also an important 
aspect. If decision-makers cannot understand the evidence or the relevance of the 
work, it is improbable that they will use it. Other challenges have to do with to the 
degree in which decision-makers and other stakeholders are involved in the research 
process, considering their need for information and managing their expectations. 
Also, structures and dynamics of organizations can make it difficult to implement 
the recommendations derived from research even if there are individual practitio-
ners that are convinced of their importance. Lack of resources or institutional capa-
bilities is among the most important organizational barriers for the use of evidence. 
Finally, individual factors, such as cognitive bias, or competence in data analysis 
and attitudes towards evidence, can have a significant impact on the probability of 
evidence being used.

In order to bridge the gap between the supply of scientific evidence and the 
demand for and the use of the same evidence, we have several strategies or alterna-
tives. Some of the most important are:

•	 Knowing and understanding the agendas of research and decision-making. The 
time needed for a research project to bear fruits can find itself in contrast with the 
immediacy of policy decision-making. Matching the agendas can facilitate deci-
sions in which part of the public policy process will participate. Public officials 
can also promote and finance research relevant to improving their 
decision-making.

•	 The use of language. The researcher must consider using simple and accessible 
language that can be understood by key decision-makers. Professionalization 
and adequate professional development interventions can improve the capabili-
ties of public sector managers to understand and use research.

•	 Creating more teams made up of researchers and decision-makers. The increased 
interaction between researchers and policy-makers can be beneficial for both 
sides, as they can develop rapport and a better understanding of each other’s 
needs. An example is the initiative of the Nesta Operating Company, (http://
www.nesta.org.uk/). This foundation for innovation is located in the United 
Kingdom, where its objective is to offer investment and subsidies to researchers 
whose knowledge they believe should be applied and to disseminate that 
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knowledge permanently thus making technology useful tool [14]. Another exam-
ple is the creation of policy laboratories (policy labs) where government officials 
can establish partnerships with experienced researchers to analyze problems, 
review the effectiveness of present interventions and test new alternatives. The 
laboratories can also involve a wider set of actors from civilian society in order 
to crowdsource policy priorities and options and to establish collaborative net-
works for implementing and monitoring specific programs or projects. There are 
more than a hundred such initiatives all around the world.

•	 Maintaining the independence of both the researcher and the decision-maker. 
There is a need to make sure that researchers are given enough independence to 
allow them to determine their methods and data-gathering and processing tech-
niques. Ethical standards must be upheld in order to avoid real or perceived con-
flicts of interest.

Researchers have to be aware of the complexity of public policy. Most problems 
require more comprehensive and interdisciplinary approaches to be adequately 
understood. In this case, age and aging are no longer an issue that relates only to the 
60-and-over age group. It has become a challenge for all areas of human develop-
ment. Geriatrics not only includes the study of prevention, diagnosis, treatment and 
rehabilitation of illnesses related to age, but its goal goes beyond that and involves 
other disciplines meant to attend to the many social-sanitary aspects that affect the 
process of aging, illnesses, exposure to risks, long-term care, research, the training 
of specialists, and more.

Research and generation of knowledge is a public good in its own right. It pro-
duces social value when it is translated into better technologies or methods of diag-
nosing diseases that are increasingly complicated, when it leans toward the 
generation of models of prevention and replicable care and, no doubt, when it con-
tributes to individuals having better knowledge about their health and how this 
improves the quality of their lifestyles. Stakeholders should therefore consider 
knowledge translation as an essential link in the generation not only of public poli-
cies but also of public value.
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Chapter 16
Ethical Issues in Research in Aging

Tirso Zúñiga-Santamaría and Carmen Jimena Vázquez-García

Abstract  Medical advancements have resulted in an increment in life longevity, 
which has led to an increment in the proportion of aging adults in the worldwide 
population, especially in the last half of the century, as a result of exceeding medical 
research. This chapter will argue that such exceeding medical research should 
always be accompanied by an ethical stance, specifically focusing on aging popula-
tion. The ethical stance in research serves to, first and foremost, look to safeguard 
the dignity of those it researches. To protect the dignity is not only a matter pertinent 
to the research process itself, but also to the conclusion of research, and how it is 
placed within society and the health system. As a response to these important quan-
daries, the bioethical realm of research has developed methodologies and guidelines 
for the design and implementation of research protocols to guarantee the protection 
of dignity and human rights of all and each population studied.

Keywords  Bioethics · Ethics · Ethics in aging research

16.1  �Introduction

Current bio-demographic research shows that both life expectancy and longevity of 
the world population has notably increased in the last century. This phenomenon 
has been a result of medical research and advancement. However, this reality poses 
important questions for research going forward. It can be said that today’s popula-
tion reality poses a tension between utilitarian and ethical aspects of society [1]. On 
the one hand, a utilitarian would call upon the maximization of society’s overall 
utility through research, which we seem to be complying too: but, on the other hand, 
ethics calls upon a more nuanced outlook on medical research. For example, ethics 
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would call us to ask: who and how is this research really serving? We have expanded 
the years in our lives, but have we done the same with their quality? What are the 
social implications that our medical research has had on the aging? These questions 
point towards the fact that aging research is not without its ethical complications 
and, in fact, ethics should be a guiding point for research.

As a first ethical guiding point Baars [2] calls for aging research to always carry 
within the finitude life and the characteristic that being aware of such fact is what 
makes us human. This aspect is usually brushed aside because it demerits the idea 
of utility based on productivity that guides our society on a day to day basis [2]. 
However, to bring the reality of finitude to the fore, helps achieve a more meaning-
ful and realistic understanding of the aging process, allowing the researcher to see 
old age as an ongoing learning process of how to confront such undeniable fact [2].

A manner which may result useful into bringing about a positive vision on old 
age might be to look into history. There are testimonies of previous times when old 
age was granted as the maximum authority in political, social and cultural aspects. 
Old age represented the memory of the community, its source of tradition and, 
therefore, the identity of the people. However, it must also be pointed out that, 
because their value depended deeply on their memory, if this was lost, they would 
cease to play an important role in society [3].

De senectute, by Cicero, is one of the first Latin works dedicated exclusively to old 
age; while it is not necessarily a medical book, it incorporates comments related to 
health and emphasizes the author’s view on the matter. In the text there is an argument 
in favor of old age, representing advantages and possibilities for happiness and well-
being [4]. This work by Cicero’s holds particular importance to argue against the 
opinion of many physicians that deem old age as a synonym of diseases, which unde-
niable implies viewing such life process as an impediment to a good quality of life.

Another important work is that of Laín Entralgo, The Company of Aging, in 
which he does an analysis of old age by an anthropological, biological, and philo-
sophical approaches. The analysis works by a juxtaposition of the idea of old age 
against different conceptions of society and different historical moments. In this 
manner Laín Entralgo is able to show that old age and social life is one of the most 
serious and urgent issues in the twenty-first century [5].

This chapter will thus, aim to show how aging research has an ethical responsi-
bility to society, specifically to the aging population. The ethical responsibility is 
not only meant in the safeguarding of dignity for the person over 60 years old taking 
part in research, but also in the sense that aging research must ethically contribute 
to a better positioning of the idea of old age in society.

16.2  �The Problem of Ethics in Aging Research

All research requires taking into account an ethical stance, especially when it deals 
with a particularly vulnerable part of the population. The ethical dimension of 
research should be included as a fundamental part in the training of graduate 
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students in the disciplines of health, and should provide logical, epistemological, 
methodological, philosophical, and ethical statements to researchers [6].

The function of ethics within clinical and epidemiological research is to guide 
the research without forgetting the dignity of the population being treated. Ethics 
will not clearly solve the problems that researchers face, but it should always lead 
the researcher to pause in every step and ask herself: Why am I doing this research? 
What is my purpose? What will the implication of my research be? The aim of eth-
ics in research is, therefore, to improve the quality of decision making in every step 
by always having in mind dignity of those participants studied [7]. Within this ethi-
cal realm, the duty of health researchers (both applied and basic) is guided by the 
following criteria: to offer a dignified conception of old age. Such duty is one that 
covers all aspects of research (whether that be clinical trials, or merely observa-
tional), it includes also the very aspect of the motivation for the research itself, and 
it includes the interaction between researcher and any active participation individ-
ual. In short, the ethical is a pertinent and vital part of aging research at all moments 
and stages of the process.

One of the ways in which the need for ethics in aging research can be seen in a 
more tangible manner is through the lens of vulnerability. When referencing the 
aging population, almost always there will be a mention to their (possibly) vulner-
able condition, but what does this really mean? Is it a fair characterization? 
Vulnerability is defined by the Council for International Organizations of Medical 
Sciences (CIOMS) [8] as the diminution of a subject’s capacity to protect their own 
interests, which, obviously, puts such a person in a disadvantaged position. Such a 
decrease in the capacity for protection of rights might be due to mental and physical 
limitations, which older adults have a higher probability of experiencing. This state-
ment is not meant in a pejorative manner, or as a disqualification of old age, but as 
a stating of one of the possible characteristics of such age. Indeed, human beings 
can be vulnerable at any time of their existence because of a certain illness or injure, 
of due to particular circumstances of each if their lives. However, the conditions for 
vulnerability are usually more prominent in old age which situates the individual at 
disadvantage regarding the way they are conceptualized in society.

Vulnerability in old age is usually tied up with dependence: insofar aging adults 
become dependent they become vulnerable. Dependence and vulnerability lead for 
the people that undergo old age to be treated and understood as different from any 
other person. Aging adults become the “they” of society, different from the rest 
because of the negative understanding we have of their life process (one which we 
will undergo!). This negative understanding undoubtedly impacts the aging’s adult 
quality of life, even more so when such individual is need of care that is granted to 
them by someone who shares such a negative view of old age. Old age, thus, 
means—in most cases—a loss of autonomy. The quality of life that the individual 
over 60 years of age may expect will be, with no doubt, influenced by the way in 
which society understands and views such a moment in life. Therefore, the indi-
vidual needs the protection of society and the existence of specialized health-care 
personnel [9].
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The vulnerability of individuals, thus, has consequences for research. One of the 
most straightforward ways in which we can observe is this is in the repercussion that 
vulnerability has for the aspect of consent in a research project. As it has been said, 
one of the ways in which an aging adult is come to be seen as vulnerable, has to do 
with limited cognitive or physical ability, which may impact her capacity to make 
judgments and decisions. This is especially worrying when persons over 60 years of 
age are invited to participate in research protocol in which they can be coerced into 
participation by a family member, or by the researcher itself, particularly when legal 
competence has not been clearly established. And just because coercion does not 
appear evident, it does not mean it might not be there. For example, aging adults 
might feel pressured to agree on participation because they deem the researcher, or 
family member, as a figure of authority that they cannot deny. Or, it can also be the 
case, where the individual agrees to participate because they find comfort in the 
attention, and in cases as these, the researcher must be very careful not to take 
advantage of this situation.

However, the relation between vulnerability of subjects and research is more 
complex than that. Assuring that the individual has granted full and informed con-
sent to participate in a research project is obviously important but vulnerability may 
play a bigger role than that. Vulnerability is not only at play in clinical trials but also 
in observational studies. For example, there could be a case in which a researcher is 
“merely” asking questions to the aging adult, and such questions may leave the 
individual distraught. Or, it may be the case in which during the observation, the 
researcher notices that the individual in questions suffers from certain conditions 
that she is not aware, and the researcher does not follow up to assure a suitable treat-
ment. All of these are instances in which the role of vulnerability may not have been 
as evident as in the process of granting consent, but it was nonetheless there. It may 
be the case that the individual was not vulnerable from the start but suffered vulner-
ability at some point in the research.

Another matter which needs to be address is that the importance of research done 
ethically is not limited to the process of research itself and the way it might endan-
ger such a vulnerable population but is also implicated in the connotations it serves 
to create in society regarding old age. A simple example of this is the common use 
of certain labels within research that are used to refer to the aging adults, like frailty. 
Even if the researcher does not make use of such a term with an intention of a nega-
tive connotation, she must take into account that the way which her research is done 
might lead to people understanding such a term in negative ways and, thus, have an 
impact on the individual’s life; because as it was just stated the quality of life of the 
person depends on the quality of care she receives, which will be connected to the 
value the care giver gives the life she is caring for. However, the use of such labels 
may also even impact aspects within the research itself such as the selection process 
in which certain persons of old age may be discriminated against. Even the selection 
process, hence, has clear bioethical implications for researchers and health profes-
sionals [10].

Because of the implications pointed out, it is clear that as difficult as it may be, 
there must be a careful and reflective analysis of the values and principles in conflict 
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during every stage of research: the decision making cannot consist of a pure math-
ematical equation [6].

As Weber pointed out, we must consider our ethical responsibility in the conse-
quences of our actions: when we make decisions, we must also asses the conse-
quences and assume responsibility [11]. We must therefore asses the consequences 
of every step of the research process, even of such preliminary steps as the decisions 
made regarding how we refer to the individuals whom we are studying. We must 
accept that the use of word “elderly” over “individual” will have an impact, whether 
that was our intention or not, and different connotations and judgments will arise. 
We must ask ourselves if through our research we are ensuring the respect of those 
studied. We must never lose sight of whom the individual is, we must never cease to 
recognize her as human, and our responsibility towards her. This is a vital part of our 
responsibility and obligations as researchers. David Oliver notes that the only way 
to avoid getting old is to stop living [12]. In other words, to get old is an undeniable 
part of human life for the privileged ones that made it so far. Why then, do we treat 
old age, as something wrong and undesirable?

16.3  �Ethical Considerations in Aging Research

Having argued in favor of an ethical realm within ageing research, it is now prudent 
to discuss the considerations that such realm imposes on research. In “Bioethics as 
a discipline” (1973) Daniel Callahan [13] foresees the appearance of a discipline 
called bioethics and reflects on the role that ethics could take in the world of health 
and biology. Callahan states that philosophers must be a part of health and biology 
research in order to offer intellectual rigor to the problems that arise within such 
instance; for example, to help health professionals, researchers and biologists in 
making concrete decisions. Bioethics, thus, serves to define ethical problems, meth-
odological strategies and procedures for making decisions that are sensitive to the 
complex cases. This shows that bioethics is interested in the adequate application of 
the ethical statements and ethical dilemmas; it is more concerned with solving ethi-
cal dilemmas than with the formation of character and the search for excellence in 
the health professional and in the researcher [14].

However, even bioethical research seems as relatively new development, the 
reality is that in some way or another, bioethical aspects of research regarding 
humans have always been part of research since the beginning of Medicine. 
However, it was not until the second half of the twentieth century that bioethics took 
a more prominent role, due to very disturbing and worrying historical events, that 
enforced a more thorough evaluation of research protocols. The example that 
undoubtedly comes to mind is the way that “medical research” was performed by 
the Nazis. Such atrocities gave rise to the Nuremberg Code (published 1947), which 
served not only to install an undeniable ethical base for future research, but also 
served to judge the researchers during the Nuremberg Trial processes [15].
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Another case that is important to mention is that of Jewish Chronic Disease 
Hospital [16], in New York (1963), where cancer cells were injected into 22 patients 
of old age without their consent. The “justification” rationale given by the research-
ers was that they sought to discover whether in cancer patients there was a decrease 
in the body’s ability to reject transplants with cancer cells because of weakness or 
the aging process. Of the 22 patients, none were informed of what was being done 
to them, and only some knew they were a part of an ongoing medical research.

These are just some of the cases that led Henry K. Beecher to work upon the 
distinction between the therapeutic and the non-therapeutic experiments, which in 
turn resulted in the Declaration of the World Medical Association, signed in 1964 in 
Helsinki. Such document, of which Beecher was one of the main drafters, remains 
valid to this day, even if it has undergone several successive reforms. In its most 
recent version (2013) [17] it states: “Medical research is subject to ethical standards 
that serve to promote respect for all human beings and to protect their health and 
their fundamental and individual rights”.

Following such declaration, Beecher published an article titled “Ethics and 
Clinical Research”, where he denounced investigations with serious ethical prob-
lems. The main problems to which he signaled to where: informed consent, the 
evaluation of risk-benefit (in very high risk), and the fact that the experiments 
involved vulnerable populations (children and the persons over 60 years of age). 
Upon this, Beecher concluded: “An experiment is or is not ethical from the begin-
ning; it does not become ethical post hoc, the end does not justify the means” [18]. 
Beecher’s article showed, that even if Declarations and Codes are drafted, they are 
not necessarily enforced in research. One of the manners in which this has been 
tried to solve is by posing more importance into the aspect of informed consent as a 
fundamental part of the evaluation of research protocols.

Informed consent, it has been established, is an important ethical condition of 
research as it signifies that respect for the subject’s autonomy is being taken into 
account. Hence any participant of research must always be informed in a clear and 
concrete manner about what their participation in the research entails. To highlight 
the importance of informed consent in research is to safeguard the dignity of vulner-
able parts of the populations, which as we have seen is a characteristic of old age. 
This is why such a parameter is one of the outmost important conditions imposed by 
the ethical real in research. The old age population has a greater probability of living 
with conditions that limit them physically and mentally, which situates them in a 
position of complete disadvantage use of their diseases and might not be able to 
grant or reject informed consent themselves and are vulnerable to influence from the 
researchers.

Ethics in research has, thus, resulted in methodologies and regulatory rules for 
clinical trials in order to protect the human rights of research subjects. These norma-
tive measures, though existent in some form or another throughout history, were 
expressly written out from the aftermath that followed the horrific historic events of 
the mid twentieth century. Such guidelines should be seen a living organism always 
to be analyzed and allowed to evolve, in order to truly protect humans and in order 
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to meet the debates of the current times, like those of embryonic stem-cell research 
or euthanasia.

16.4  �Research Ethics Committees for Aging Research

In order to better guarantee the ethical conditions that research must meet, institu-
tions that do research on humans must have a Research Ethics Committees (REC) 
that regulates the research protocols. A REC is made up of a multidisciplinary group 
of people within a health institution (independent of the government system), and 
such institution may conduct research on both animals and humans. Such group of 
people should include researchers from different fields of scientific knowledge, both 
from the institution itself and external to it and it should also include members of the 
community [19].

The fundamental objective of the REC is to safeguard the human rights and dig-
nity of the research subjects. This implies knowing and evaluating the probable 
benefits risks of the research for the participating subject before the research is 
performed and evaluated. Both benefits and risks should be clearly stated in the 
research protocol, as well as other ethical aspects, such as the financing of the 
research and the relationship of the principal investigator with the pharmaceutical 
industry, among others. However, as it can be inferred, REC is not alone in ensuring 
ethics in research. Currently there are other important set of norms and directives 
that also set guidelines to ensure the respect of human rights within research: 
UNAIDS, 2000; CIOMS, 2002; Nuffield, 2002 [20, 21].

Without a doubt the knowledge generated by research on humans is necessary 
and valuable, it has allowed the development of medicines and vaccines, for exam-
ple. But these advancements in themselves are not enough to justify an undignifies 
treatment of research subject, which is why all research must be first and foremost 
scientifically and ethically adequate, especially in the case of the vulnerable parts of 
the population. Herein rests the importance of the REC.

16.5  �Discrimination of the Problem in Aging Research

To safeguard the dignity of individuals can be also be phrased as to protect them 
versus discrimination. All human beings have the right to live their lives fully and in 
a meaningful way. Aging research should, therefore, have such a right of human life 
as the ultimate objective for any medical advancement. Nonetheless, as this chapter 
has been trying to show, certain aspects of aging research have generated negative 
connotation in the way that society sees old age which has cause such individuals to 
be seen as less worthy of a good life. One of the manners in which aging research, 
purposely or not, has negatively impacted the lives of the aging adults, is by the 
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creation and subsequent use of certain labels. One of the labels we have already 
exemplified is that of frail.

The term frail references an accumulation of deficits which signify a distinct 
clinical syndrome insofar it involves a specific co-morbidity, such as physical disor-
der and functional impairment. Frailty has become an increasingly common compo-
nent of aging research insofar the probability to become frail in old age is higher. A 
fundamental goal of geriatric medicine has, therefore, become how to maximize 
functionality, independence, and quality of life during the years lived with frailty for 
as long as possible [22].

Nonetheless, the reality is that the concept of frailty is still under development 
and analysis within aging research; it has “little robustness” and is in need of more 
scientific evidence to validate it and its transcendence. Even more so, more research 
is needed specifically regarding frailty’s clinical aspects and unique psychological 
aspects, so as to be able to accurately define, recognize, and treat frail individuals. 
Therefore, research regarding old age should not just scientifically enhance the con-
cept of frailty, but also help to construct a positive narrative regarding such condi-
tion. As of today, frailty is quickly equated with many negative aspects which 
ultimately cause several types of discriminations towards old age. Thus, any research 
on aging should be careful to not imply that frailty lessens the person’s life value to 
society.

Even if the researcher does not make use of such a term with an intention of a 
negative connotation, she must take into account that the way which her research is 
done might lead to people understanding such a term in negative ways and, thus, 
have an impact on the person’s life; because as it was just stated the quality of life 
of the person depends on the quality of care she receives, which will be connected 
to the value the care giver gives the life she is caring for. However, the use of such 
labels may also even impact aspects within the research itself such as the selection 
process in which certain persons of old age may be discriminated against. Even the 
selection process, hence, has clear bioethical implications for researchers and health 
professionals [10].

16.6  �Aging Research, Ethics and Health Systems

Discrimination, as the previous section argued, does not arise out of thin air, but as 
a result from human action. There is a legal and a moral dimension to discrimina-
tion: a fundamental human right is being violated, and such violation is considered 
unfair. And in the same manner that discrimination is enacted by humans, so is 
morality and our capacity to become ethical in our going about life. Our capacity to 
be moral and ethical is particularly important when analyzing the ends, we pursue, 
because it is in such a manner that the responsibility we hold with our actions 
becomes truly evident. Our actions, thus, should not be concealed by the way things 
are, but by the ideal of the way things should be. What this chapter has tried to out-
line is that this is true also in aspect of health and aging research. In this last section, 
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we will know try to show that aging research done ethically could also help health 
systems in avoiding discrimination.

Ethical guidelines, for example, could help set up strategies regarding the alloca-
tion of economic and health resources. In this sense, and ethical outlook, could help 
with difficult decisions where the most prudent allocation might not seem the fairest 
at first sight, a matter which is not talked about enough and endangers the optimal 
distribution [23].

Another aspect in which the health systems could gain from an ethical outlook is 
regarding specifically to policy aspects. The policy decision, in many countries, to 
shift the burden of health care and social security for the persons over 60 years of 
age from families to the State has had major socio-economic consequences. 
Moreover, the economic pressure on families has not been alleviated, especially in 
the cases where the person is in need for long term care, whether that be institutional 
or home based. Needless to say, that as the proportion of the aging adult increases 
so does, the economic pressure on the State [1]. These difficulties lead us to ask 
more in-depth questions regarding the role of the State in such instances: where is 
the line drawn in the State’s obligation to the older individuals? What should the 
scope of public health systems be in regard to care? What is the interplay that should 
be expected between health research and State to be? In other words, should the 
State have a say in the type of research being done? Should it guide the prioritizing 
of certain parts of the population over others as research objectives?

A manner, in which the previous questions could be tackled, would be by a sort 
of ethical principle to accompany the decision making of health systems. In this 
sense Norman Daniels has argued in favor of a principle that can be applied, both on 
the matters of the need for aging research and the urgency of care: “[...] meeting the 
needs of health care is a matter of special importance because it favors equal oppor-
tunities. It serves to guarantee individuals a fair option to enjoy the normal range of 
possibilities of the society in which they live” [24]. Daniels claims, thus, that such 
code that should lead policy decision making should be one that favors equal oppor-
tunities as such condition will work in favor of guaranteeing quality of life.

To point towards this difficult relation between aging and health systems is not 
meant as a demerit of the achievement from modern health and science, which has 
signified the rise of the aging population. It is merely a signaling towards the aspects 
that we should further problematize and analyze in order to grant the possibility for 
persons over a certain age to continue to be a driving force in society; a matter 
which depends on our ability to safeguard their dignity [7].

16.7  �Conclusions

Ethics is as old as Medicine. However, even though in theory ethics and medicine 
should be found to go hand in hand, this has not always been the case. Horrific his-
toric instances have showed how vulnerable the human being can be in the name of 
medical advancement; these moments lead to a better questioning of how to truly 
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achieve and safeguard ethical standards in research. Declarations and rights have 
been written and set out with the purpose of protecting the dignity of those who 
participate in medical research, especially in the case of vulnerable parts of the 
population.

A particularly vulnerable part of the population is the aging adult, and so, this 
chapter has also tried to reflect how research can also signify a risk for old age if not 
done by ethical terms. Given the particular vulnerability of the aging population 
(frailty, dependence, disability) it is of the outmost importance that ethical standards 
guarantee the voluntary participation of such individuals in any research and that 
their dignity is safeguarded all along the process. However, the importance of ethics 
in aging research does not end there. Any researcher should also be concerned about 
the consequences of their research and the connotations which it will have in soci-
ety. Therefore, aging research should pay particular attention to the fact that their 
research should serve, overall, to better the quality of life of all aging adults with 
regards to their place in society. In other words, all aging research should treat old 
age with the respect that they expect society to do so. If any aging research is serv-
ing towards the advancement of medicine but feeding into the palpable and worry-
ing discrimination of the old because of negative connotations, we have to ask 
ourselves, as researchers, how valuable such research actually is.
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Chapter 17
Integration of Consortiums and Search 
for International Funding

David X. Marquez, Iraida V. Carrion, Susan Aguiñaga, and Melissa Lamar

Abstract  There is a rising number of older adults in the United States, and around 
the world. There are health, economical, and social implications and decisions to be 
made that affect all of us, including older adults. Data need to be gathered in order 
to inform these important decisions. Thus, there is a critical need for (1) societies to 
develop greater investments in aging-related research, (2) researchers to apply for 
funding in order to develop evidence-based practice and programs to prevent or 
treat the major causes of diseases and disability, and (3) recruitment and retention of 
older adults in research. In this chapter we describe funding mechanisms related to 
aging research, given that funding allows researchers to generate data and create 
novel interventions. We describe the process involved with searching for aging 
research funding and discuss important considerations when writing aging-related 
grant proposals. Additionally, we describe the importance of and methods on, form-
ing international collaborations.
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17.1  �Introduction

The twenty-first century is experiencing a significant growth in the older adult pop-
ulation. For example, in the United States older adults aged 65 years and older grew 
from 35.0 million in 2000, to 49.2 million in 2016 [1]. Worldwide, the number of 
older adults aged 60 years and over is projected to grow by 56% between 2015 and 
2030 [2]. Advances in public health and technology, reduction in child mortality, 
and rising living standards have contributed to people living longer than ever before. 
Although this demographic change reflects advances in socioeconomic develop-
ment and progress in human development, it is not without challenges. Older adults’ 
longer lives are often fraught by sequelae of diseases and injuries.

Chronic non-communicable diseases (e.g., cardiovascular disease, cancer, 
chronic respiratory disease, and others) account for most of the global disease bur-
den in older adults [3]. Older adults have the highest prevalence of multiple chronic 
conditions of which 77% of older adults have at least two [4]. The increase in 
chronic diseases is due to a shift in risk behaviors such as diets low in fruits and 
vegetables and high in sodium and saturated fats, tobacco and alcohol use, and 
physical inactivity [3]. In order to reduce the chronic disease burden, interventions 
at the individual and population levels, as well as epidemiology and surveillance to 
monitor trends and track progress need to continue to be developed and imple-
mented [5].

The prevalence of neurodegenerative diseases, including Alzheimer’s disease 
and other dementia-related diseases has also increased, as older age is associated 
with these diseases. In 2010, Alzheimer’s disease and other dementias affected 35.6 
million worldwide. It is projected that this number will increase to 66 million by 
2030 [6]. As a global society, we are currently not prepared for the provision of care 
that such an increase will incur on our health systems and economy. Furthermore, 
Alzheimer’s disease is the only cause of death that cannot be prevented or cured, 
and, as such, needs to be regarded as a global health priority.

The unprecedented demographic change that the world is encountering will lead 
to economic and social shifts. These changes are galvanizing policy makers, clini-
cians, and researchers worldwide to improve the care of older adults, maintain their 
quality of life, and protect against age-related decline. In order to tackle the issues 
that come with the negative effects of aging, data need to be derived in order to 
inform these important decisions. Thus, in order to derive data, there is a critical 
need for (1) societies to develop greater investments in aging-related research, (2) 
researchers to apply for funding in order to develop evidence-based practice and 
programs to prevent or treat the major causes of diseases and disability, and (3) 
recruitment and retention of older adults in research. Furthermore, there is an urgent 
need for research to be conducted among older adults in low-resource countries of 
the world, as low-resource countries are also confronting these demographic 
changes; however, data are only now becoming available.

In this chapter, we focus on funding mechanisms related to aging research, given 
that funding allows researchers to generate data and create novel interventions. We 
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describe the process involved with searching for aging research funding and discuss 
important considerations when writing aging-related grant proposals. Additionally, 
we describe the importance of and methods on, forming international 
collaborations.

17.2  �Searching for Funding in the United States

There are many considerations to be made when searching for funding to apply for. 
One consideration is the type of funding, federal or foundation. At the federal level 
within the US, the most common funding source is the National Institutes of Health 
(NIH), which has strict rules for applying for the grants (https://grants.nih.gov/
grants/how-to-apply-application-guide.html and https://www.nsf.gov/funding/pre-
paring/). At the NIH many aging-related proposals are directed to the National 
Institute on Aging (NIA), one of the 27 Institutes and Centers of NIH that “leads a 
broad scientific effort to understand the nature of aging and to extend the healthy, 
active years of life.” They state that they are the primary Federal agency supporting 
and conducting Alzheimer’s disease research. However, many of the 27 Institutes of 
the NIH fund aging-related research, depending on the focus and funding priorities 
set forth by the institute. For example, research focused on age-related emotional 
regulation and processing should be directed to the National Institute on Mental 
Health (NIMH).

There are several types of funding opportunities available from the NIH (https://
grants.nih.gov/grants/how-to-apply-application-guide/prepare-to-apply-and-regis-
ter/understand-funding-opportunities.htm), and various ways to learn more about 
the mechanisms or particular topic areas of interest to the NIH more specifically. 
First, Parent Announcements are broad funding opportunity announcements (FOAs) 
in which applicants submit an application for a specific activity code (e.g., R01, 
R03, R21 are several of the main types of funding, as outlined below). Many NIH 
institutes and centers participate in these FOAs, they are usually ongoing, and these 
R mechanisms use the NIH standard due dates. Second are Program Announcements 
(PA), which are from one or more Institutes and Centers to highlight areas of scien-
tific interest. There are PAs with set-aside funds (referred to as PAS), and PAs with 
special receipt, referral, and/or review considerations (referred to as PAR). Third are 
Request for Applications (RFA), which are also from one or more Institutes or 
Centers to highlight well-defined areas of scientific interest to accomplish specific 
program objectives. However, these have the amount of set-aside funds indicated, 
state the anticipated number of awards to be given, and usually have a single due 
date not too long after the RFA is posted.

The NIH has different activity codes, depending on the size and objectives of the 
proposal (https://grants.nih.gov/grants/funding/funding_program.htm). Generally, 
PIs and other personnel supported by NIH research grants are not required to be US 
citizens; however, some NIH programs/mechanisms have a citizenship requirement. 
Any citizenship requirement will be stated in the PA or RFA. The NIH strongly 
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encourages non-US applicants to review the Eligibility section of the FOA to deter-
mine whether their non-US organization is eligible to respond to that particular 
FOA.

The NIH offers numerous research career development awards to support 
researchers (https://researchtraining.nih.gov/programs/career-development). For 
example, there is funding to support: early career scientists in need of both advanced 
research training and additional experience (K01); promising clinician scientists 
with demonstrated aptitude to develop into independent investigators (K08); expe-
rienced scientists who wish to broaden their research capabilities or to make changes 
in their research careers by acquiring new research skills or knowledge (K18); or to 
support both an initial mentored research experience (K99) followed by indepen-
dent research (R00) for highly qualified, postdoctoral researchers, to secure an inde-
pendent research position.

Some of the more common funding types to apply for include the NIH Research 
Project Grant Program (R01) which is used to fund a discrete, specified, circum-
scribed research project; is the most commonly used grant program; has no specific 
dollar limit with the exception that direct funds for research cannot exceed 
$500,000 in any given year unless specified in the FOA and/or requested to exceed 
that value by the Principal Investigator to the Program Official, and is generally 
awarded for 3–5 years. There are smaller funding opportunities, including the NIH 
Small Grant Program (R03) which provides limited funding (maximum of $50,000 
per year in direct costs, not exceeding $100,000 over 2-years) to support a variety of 
types of projects, including: pilot or feasibility studies, collection of preliminary 
data, secondary analysis of existing data, small, self-contained research projects, 
development of new research technology, etc. An R03 is not renewable. A mecha-
nism with available funding between that of an R01 and R03 is the NIH Exploratory/
Developmental Research Grant Award (R21) which solicits new, exploratory and 
developmental research projects by providing support for the early stages of project 
development. Like the R03, the R21 is limited to 2 years of funding.

Foundation funding is also available. Some foundations have a general research 
mission, with specific research objectives. For example, the Retirement Research 
Foundation (http://www.rrf.org/) has a mission to improve the quality of life for our 
nation’s older adults. They have Responsive grants in the areas of advocacy, direct 
service, professional education and training, and research; and Organizational 
Capacity Building (OCB) grants that provide funding for improvements in key 
management and governance functions within nonprofit organizations that serve 
older persons in the Chicago area.

Foundations often have a more direct and specific focus for funding. For exam-
ple, the Alzheimer’s Association conducts the Alzheimer’s Association International 
Research Grant Program (https://www.alz.org/research/alzheimers_grants/over-
view.asp). They state that the impetus for their awards is their “desire to improve 
quality of life for people affected by Alzheimer’s.” Clearly, this type of aging-related 
research is more focused than general aging research. The American Federation for 

D. X. Marquez et al.

https://researchtraining.nih.gov/programs/career-development
http://www.rrf.org/
https://www.alz.org/research/alzheimers_grants/overview.asp
https://www.alz.org/research/alzheimers_grants/overview.asp


225

Aging Research (https://www.afar.org/) is another nonprofit organization and has a 
mission to support and advance healthy aging through biomedical research. This 
focus on biomedical research is important to note, as those who are doing research 
in non-biomedical aging research might look for other funding sources.

The Sociological Initiatives Foundation (http://www.sifoundation.org/) funds 
research that supports social change by linking research to social action. This type 
of funding provides initial funding when addressing caregiving and aging in place 
issues. It funds research projects that investigate laws, policies, institutions, regula-
tions, and normative practices that may limit equality in the United States. It gives 
priority to projects that seek to address racism, xenophobia, classism, gender bias, 
exploitation, or the violation of human rights and freedoms.

The McKnight Endowment Fund for Neuroscience (https://neuroscience.mck-
night.org/) is an independent charitable organization that supports innovative 
research focusing on diseases of the brain and behavior, such as Alzheimer’s dis-
ease, Parkinson’s disease, multiple sclerosis, spinal cord injuries, and others. The 
Dana Foundation (http://dana.org/) is a private philanthropic organization that sup-
ports science and health grants through neuroimaging and clinical neuroscience 
research. In short, foundation funding related to aging is available, however, it is 
important to know the mission of the foundation and what types of research they 
prioritize to fund.

Researchers/investigators might also look to pharmaceutical/medical companies 
for funding. Some universities have restrictions on such funding relative to what 
their Institutional Review Board will review, or charges for services if the funding 
is from a pharmaceutical company. That said, they are often less restrictive of inter-
national PIs. For example, Abbott Fund (http://www.abbottfund.org/grants) was 
established by the company Abbott, a global health care company, in 1951, as a 
philanthropic foundation. They invest in ideas that promote science and medical 
innovation, and expand access to health care and strengthen communities around 
the globe. Other corporations like the Baxter Healthcare Corporation (http://www.
baxter.com/inside-baxter/science/programs/medical-research-grants.page) provide 
support for programs that advance scientific research, medical education and patient 
care.

17.3  �Important Details when Writing Proposals for Funding 
for Research on Aging

When writing “aging-related” proposals it is important to consider several factors. 
First, how is aging defined? It is a biological process? Or is the research more about 
aging-related factors? Next, what aspects of aging are being targeted? Environmental? 
Biological? Psychological? Cognitive? Physical? Cellular? Molecular? A combina-
tion of these or other factors?
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Another factor to consider is whether the research takes a lifespan approach or 
focuses on a specific age cohort, like middle-aged or older adults. For example, the 
objective of the research might be to see how circumstances or changes in midlife 
influence those of older adults. Thus, the focus is not on older adults, but an earlier 
age range that may have a lasting impact into older ages. Alternatively, the objective 
might be to examine the lives of current older adults, to describe, explain, or predict 
future aging. Research with older adults is frequently used synonymously with 
aging research, although aging research is not specific to work with people 65 years 
of age and older. These distinctions are important to consider when thinking of your 
funding body be it federal or foundation.

Researchers might consider using a framework or model of aging to explain their 
work and the relationships among variables. For example, Wahl, Iwarsson and 
Oswald (2012) proposed a conceptual framework of aging and the environment (see 
Fig. 17.1). The basic assumption of this framework is that two processes, experience-
driven belonging and behavior-driven agency, assist in forming a better understand-
ing and integration of existing Person-Environment interchanges as people age. 
This framework has a focus on the dynamic changes that occur with aging and over 
the lifespan, as people and their environments change. It includes the role of the 
immediate physical, spatial, and technical environment, which has been largely 
ignored in gerontological research, and is ever-so important in today’s world. The 
authors state that a major implication of the model for future research is the impor-
tance of explicitly considering aging in the environment in longitudinal studies of 
aging rather than decontextualizing the aging individual, as most longitudinal stud-
ies tend to do. Thus, we can see that research focused on aging and the lifespan can 
benefit from frameworks such as this one.

Fig. 17.1  Conceptual framework: interplay of belonging and agency, aging well, and the environ-
ment [7] Licensed by Oxford University, Number: 4293140398195
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17.4  �International Collaborations and Funding

International research collaborations improve the possibility of external funding. 
Establishing and synchronizing planning takes time, but given communication tech-
nology, it is possible and can have many positive outcomes. Many academic institu-
tions, medical centers, and foundations provide pilot study funding opportunities 
for new researchers as well as for senior researchers. This vehicle for preliminary 
funding provides an ideal opportunity for international collaboration and future 
funding. At times, universities will make funding available for a researcher to attend 
or present preliminary research findings at an international conference or congress, 
where researchers can also network and establish working relationships with col-
leagues of similar research interests. Additionally, when applying for foundation 
grants and international conference grants offered by academic or medical institu-
tions, researchers can include preliminary communications and collaborations that 
have been established with international colleagues. In the grant application, the 
visiting researcher can also indicate that they will schedule an in-person meeting 
with an identified researcher in the country in which the international conference is 
being held in order to further develop a grant application or a joint publishable 
paper. It has become increasingly necessary to have published works with col-
leagues prior to applying for research funding. This allows the visiting researcher to 
become further acquainted with potential research colleagues and/or research teams 
working in areas of mutual interest. This also enables the visiting researcher to 
become familiar with the inner workings of institutions, grant mechanisms, collab-
orative research opportunities, and community partners. Given that researchers tend 
to attend the same conferences or congresses annually, they can coordinate enhanc-
ing and concretizing their research funding endeavors with these professional 
meetings.

In order for a visiting researcher to learn about the context of the research setting, 
it is necessary that they engage with the communities they aim to study. Historically, 
researchers have excluded community members, leaders, and stakeholders from 
research endeavors. It is therefore essential that these players be included in the 
conceptualization phase of international research endeavors, given that community 
engagement will strengthen and expand proposed research projects.

One way to enhance one’s research internationally is through the International 
Aging Research Portfolio (IARP; http://agingportfolio.org/), an independent joint 
initiative of government, academic, corporate, patient advocacy, and charitable 
funding organizations. IARP is a flexible system that enables funding organizations 
to collaborate, track, analyze, structure, make decisions, and set directions for future 
research efforts in aging; it also address the needs of research investigators, health 
care policymakers, government officials, interest groups and the general public. It 
tracks international progress in aging research and provides a wide array of infor-
mation on funded projects, including projects funded by the Center for Global 
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Health. The Grant Match Maker(TM) tool within the IARP is designed to identify 
prospective sources of project funding, identify similar or related projects that have 
successfully received financing in the past, and help classify the project into relevant 
categories. The system uses the project categorization algorithms (see the “Aging 
Portfolio Classification Algorithms”) to identify related projects and categories 
within the Aging Portfolio database. The use of international research conference 
grants, seed grants, foundation grants, and IARP as opportunities to create future 
collaboration partnerships has been successful for researchers. The following web-
site, http://staff.lib.msu.edu/harris23/grants/privint.htm, provides a list of interna-
tional and foreign grant makers, with links to various funding sources. It is possible 
to obtain funding with international collaborators, but this requires strategic plan-
ning and cultural humility in interactions with members of the international com-
munity. Exchange opportunities can enhance and create research funding 
collaborations, and researchers can gain a global perspective in their efforts to 
address the needs of older adults.

17.5  �Conclusions

Funding in the US and around the world is becoming more competitive, often with 
more investigators applying for reduced funds over time. Given the changing age 
demographics of most countries, aging-related research is a focus of many govern-
ments and foundations. However, there is more work to be done, as funding is not 
keeping up with age-related problems people are experiencing. By informing one-
self of various funding agencies and mechanisms, and working with a strong col-
laborative team, success can be achieved so we can continue to learn and help 
improve the lives of older adults.
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Chapter 18
Future of Aging Research

Matteo Cesari, Marco Canevelli, and Mario Ulises Pérez-Zepeda

Abstract  The world population is aging, and this phenomenon is expected to con-
tinue for the next decades. The demographic modifications are substantially altering 
the socio-economic structure of our societies and pose serious burdens to the sus-
tainability of healthcare systems worldwide. In order to guarantee that models of 
care are responsive to the novel needs and transformations, it is necessary to invest 
in new research paradigms that are respectful of the complexity of the aging pro-
cess. This implies shifting from disease-centered paradigms towards holistic evalu-
ations of the individual, probably focused on the measurement of objective functions. 
In this chapter, we provide an overview of current issues affecting research on aging 
and possible solutions that researchers of tomorrow may valorize.

Keywords  Intrinsic capacity · Multimorbidity · Alzheimer trials · Aging research 
future

18.1  �Research on Aging: An Intricate Matter

The aging phenomenon, defined as the gradual and continuous accumulation of 
spontaneous changes in the structure and function of materials over time, is a long-
lasting matter of scientific investigation. Nevertheless, to date, the mechanisms 
underlying this process are still largely unknown [1]. Although several gerontolo-
gists propose that the key factors regulating the age-related decline of the organisms 
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will soon be identified to become targets of future anti-aging interventions [2], it is 
a fact that we do not still exactly know how we age.

However, we have hints on how to limit and manage the consequences of aging. 
After all, life expectancy has been steadily increasing over time. People today expe-
rience a substantially healthier life compared to contemporaries of even few decades 
ago [3, 4]. Wider access to education, larger availability of healthcare services, and 
improved medical interventions are surely the cornerstones for such progresses.

It is noteworthy that the aging of the population is not a demographic phenome-
non peculiar of high income countries, but a significant modification of societies 
worldwide, even in the poorest regions of the world [5], whose presence in the sci-
entific literature is extremely scarce. Thus, beyond being complex, research aging is 
also substantially biased by socio-economic factors pervading the analysis of indi-
viduals under study.

18.2  �Challenges of Research on Aging

The older the person gets, the higher will be the level of his/her biological complex-
ity (and somehow the more challenging will become his/her socio-economic con-
text). The complexity of the older adults is determined by the multi-systemic 
modifications occurring with aging and clinical conditions (more or less identified). 
Moreover, positive and negative interactions among diseases, among diseases and 
medications, and among medications (just to mention few of the many possibilities) 
further complicate the analysis of the aging organism.

Therefore, one of the major risks in the study of aging is its hyper-simplification 
around an (often arbitrarily selected and) isolated pathophysiological pathway. It is 
not uncommon to see researchers seeking for “THE” biomarker able to explain a 
disease of old age and serve as target for intervention. This approach, typical of a 
medical model based on stand-alone diseases, cannot obviously work in the com-
plex scenario of older adults.

18.3  �Alzheimer’s Disease Research: A Negative Example

A typical example might be provided by the unsuccessful story of Alzheimer’s dis-
ease research. To date, the last medication approved by regulatory agencies for this 
dramatic disease was memantine, released on the market in 2001. In other words, in 
the last 17 years, nothing new has been proposed as pharmacological intervention, 
and 99.6% of the conducted interventional studies has reported negative results [6]. 
The picture is even more worrisome if we consider that we are not talking of a 
disease-modifier, but simply of an arguable symptomatic medication.

In these last years, many drugs directed against the pathological mechanism 
identified as responsible for the Alzheimer’s disease (i.e., beta-amyloid accumula-
tion) have failed. Why is that? It is possible that arguable methodological choices 
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might have been taken over the years in this field of research. Alzheimer’s disease 
has often been explored as a stand-alone disease, a condition caused by a single and 
very specific mechanism. Accordingly, it has mostly been intended as sharply sepa-
rated from the aging process. However, without adequately taking into account that 
the disease occurs in the context of the age-related accumulation of deficits, the 
populations of patients enrolled in clinical trials were selected on the basis of strin-
gent eligibility criteria with consequent limitations in the external validity of the 
findings [7]. The narrow and limited approach to the study of the disease falls in the 
middle of the long-lasting evidence-based medicine issue in geriatric medicine [8].

At the same time, too much emphasis has perhaps been given to beta-amyloid 
plaques [9], whose meaning is still very uncertain and predictive value relatively 
modest [10]. It has not even taken into account the evidence showing that the same 
beta-amyloid seem to have a quite heterogeneous molecular structure [11], suggest-
ing that the brain amyloid deposition may represent the umbrella under which many 
biological clusters may exist. It is also worth to be mentioned that some risk condi-
tions (e.g., mild cognitive impairment) have usually been studied as fatally ending 
into dementia, whereas they may easily and spontaneously reverse to normality 
[12]. Moreover, there is the worrisome trend to generate novel risk conditions (fre-
quently based on arbitrary assumptions) with the pretext of using them in the pre-
ventive research field, and then becoming studying/considering them as “real” 
diseases (e.g., subjective cognitive decline, cognitive frailty) [13, 14].

These limitations, here exemplified as characterizing the Alzheimer’s disease 
research, can be easily found also in the study of other age-related conditions [15]. 
They need to be solved, and this can be done only by approaching aging and its 
consequences with a comprehensive/holistic approach respectful of the complexity 
of the theme, and without leaving behind the importance of the socio-economic 
context.

18.4  �The Study of Aging is in the Complexity

If we assume that aging is a complex phenomenon, the solution for its effects cannot 
be found in mono-dimensional and “one size fits all” strategies. Under this perspec-
tive, there has been an increasing interest around concepts as multimorbidity (i.e., 
the simultaneous presence of two or more diseases in the individual) and multidi-
mensional interventions. However, these models still do not solve the problem of 
the age-related complexity and may even seem in contradiction with some of its 
features [16]. In fact, adding diseases or components of intervention does not guar-
antee the conduction of a comprehensive and organized approach, but may result 
into fragmentation of care and working in silos.

In the study of aging, 1 plus 1 never gives 2 as implicitly intended by the sterile 
multimorbidity construct. The simple addition of the diseases cannot be sufficient 
for describing the subclinical, complex, and often vague manifestations presented 
by the older person. The count of detected diseases will never be able to overcome 
the socioeconomic barriers of the diagnostic process or the arbitrary decisions 
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hidden in the definition of a clinical condition designed for young or adult individu-
als. Multimorbidity does not clearly take into account the positive and negative 
interactions potentially existing among diseases [17]. It is flatted over a linear trend 
in the association with the risk of negative outcomes, whereas age-related deficits 
tend to accumulate following exponential patterns. Indeed, the field of aging 
research may be considered as nested in the difference between the linear and expo-
nential increase of risk for negative outcomes depicted by the count of stand-alone 
diseases and the accumulation of deficits. In that delta, there is a still largely unex-
plored field of research which should be aimed at 1) disentangling interactions 
between known diseases, and 2) potentially generating novel conditions from the 
clustering of signs, symptoms, diseases, and disabilities. Such approach may mean 
that, for example, hypercholesterolemia is a different condition when associated 
with diabetes compared to when it is a comorbidity of arthritis. Its meaning and 
relevance might change because the biological background is different. This shift of 
paradigm is exactly in line with a system biology approach and personalization of 
care [16]. In addition, the personal dimension of how a disease or co-existing dis-
eases are perceived by the individual adds a relevant but often neglected piece to the 
aging research puzzle.

Consistently, multidimensional strategies of interventions might be argued when 
designed as the simple addition of two or more components. This approach mirror-
ing the idea that “two is better than one” is clearly in contrast with the geriatric “less 
is more” theory or obvious public health considerations. The multidimensional 
approach can exist only if coordinated and adapted to the needs, priorities, and 
resources of the aging organism/individual. The intervention per se does not neces-
sarily need to be multidimensional. It is the initial evaluation that has to be compre-
hensive and explore the multiple dimensions of the older person’s health status in 
order to provide the correct list of priorities upon which the intervention will be 
designed. It is noteworthy that this model is at the basis of the comprehensive geri-
atric assessment, the strongest evidence-based intervention existing in geriatrics. It 
is perhaps the template we should use for testing novel strategies for age-related 
conditions even at pre-clinical level or to improve the methodology of our trials. For 
example, the study of the biology of an age-related disease should not rely on single 
biomarkers but try to organize the information coming from multiple biological 
pathways and test the many interactions across molecules, systems, and mecha-
nisms. Or, it might be important to start putting apart the obsolete models of tradi-
tional clinical trials in order to privilege those pragmatic designs where interventions 
are adapted to the biological and clinical features of the individual and tested in the 
real-life situations of a given healthcare system.

One last consideration in this field should be made on the general idea that 
screening and anticipating diagnoses is always good. For sure, early detection of 
diseases is an important asset of preventive medicine and should be promoted. 
Nevertheless, the conduction of a screening procedure should always adhere to 
well-established rules [18]. In particular, screening is justified when the benefits 
coming from the early identification of the abnormality are superior to the conse-
quences of managing the detected condition (both for the individual and the society). 
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In this context, it is important to underline how the screening of subclinical condi-
tions in frail older individuals may often create more troubles than benefits [19]. 
Such obvious rule is often and increasingly neglected, perhaps due to the general 
fear of becoming old. Nevertheless, research on aging cannot forget cornerstones of 
preventive medicine and consequently act within acceptable boundaries (i.e., 
increasing physical activity prevents a number of conditions even in the oldest old).

18.5  �Aging Research at the Individual Level

The model that more than others has the characteristics for promoting the study of 
aging across species is probably the one proposed by Rockwood and Mitnitski [20]. 
It is designed to mathematically condense the complexity of aging into a variable, 
the so-called Frailty Index (FI). The FI is based on the assumption that every living 
species tends to accumulate deficits as it ages. The quantification of the burden of 
deficits gives life to an estimate of the biological age of the individual, overcoming 
the limitations of traditional standards (e.g., chronological age, multimorbidity). 
The FI, defined by the ratio between the deficits a person presents and the number 
of deficits explored in the context of a comprehensive geriatric assessment [21], is a 
strong predictor of negative outcomes [22], can be translated across species (thus 
promoting translational research) [23], and is suitable for retrospective analyses 
giving value to databases originally built for different reasons [24–26]. Moreover, 
the assessment of the risk profile of the individual in terms of percentage of deficits 
the person presents implicitly allows a standardization of the language in the field 
of aging. In this way, interdisciplinary and across settings comparisons/discussions 
can be established favoring the integration of information and valorization of back-
grounds/experiences [27, 28].

Although the FI has increasingly been used over the years, many aspects of it are 
still not adequately explored. For example, the backward process of deconstructing 
the FI into clusters of deficits for defining subgroups of persons has not yet been 
frequently applied. Since the FI is generated by a critical mass of information stem-
ming from a comprehensive evaluation of the individual, analyses aimed at seeing 
how the single items interact in the generation of the frailty status might be extremely 
interesting. It is a matter of seeking the real foundations of geriatric medicine in the 
exploration of interactions established by the items generating the biological vul-
nerability of the person. It potentially means giving life to the definition of novel 
clinical conditions and therapeutical targets. Overcoming the limitations of tradi-
tional nosological conditions, the conduction of these cluster analyses may indicate 
which deficits are more prone to interact with others and redesign the mono-
dimensional way we see diseases. In other words, it might allow to understand 
whether the same deficit (e.g., a disease or a symptoms) assumes a different clinical 
and therapeutical condition according to the interactions with other deficits simulta-
neously presented by the individual [17]. Has hypercholesterolemia the same mean-
ing when associated with diabetes or Alzheimer’s disease? Is it possible that a 
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certain condition might play a different role in the organism’s homeostasis accord-
ing to the corollary of deficits surrounding it?

18.6  �Aging Research in Public Health

There is an urgent need to reshape the healthcare systems in order to render them 
more responsive to the needs and priorities of our aging societies. In this context, 
public health authorities have been paying special attention during the last years to 
initiatives promoting successful and healthy aging [29–31].

18.6.1  �Intrinsic Capacity

In September 2015, the World Health Organization (WHO) released the World 
Report on Ageing and Health [29]. The document presented a new framework for 
global action specifically aimed at sustaining the development of new models of 
healthcare that may be better responsive of the older people’s needs. In particular, 
the report introduced and defined the following key concepts:

–– Healthy Ageing: the process of developing and maintaining the functional ability 
that enables well-being in older age;

–– Functional ability: the health-related attributes that enable people to be and to do 
what they have reason to value. Functional ability is composed by intrinsic 
capacity, environment, and the interactions between the two;

–– Intrinsic capacity: the composite of all the physical and mental capacities of an 
individual;

–– Environment: all the factors in the extrinsic world that form the context of an 
individual’s life.

Recent work has specifically focused on the concept of intrinsic capacity. This 
construct is designed to capture the biological reserves of the individual, indepen-
dently of diseases and chronological age. It is the sum of all the key functions (i.e., 
locomotion, cognition, psychological, vitality, sensory) allowing the individual to 
properly interact in the environment for meeting his/her objectives [32]. As such, 
intrinsic capacity follows as a life-long trajectory, declining with aging. Strategies 
should thus be aimed at keeping the trajectory as closest as possible to the func-
tional ability one and limit the barriers posed by the environment.

This model implicitly takes into account the complexity of diagnosing at 
advanced age, when the biological substratum is complicated by multiple subclini-
cal and clinical factors [16]. By shifting paradigm from diagnoses to function, 
intrinsic capacity allows to:

–– More pragmatically evaluate the individual, measuring what is probably more 
important for guaranteeing independent life;
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–– Assume a life-course approach in the assessment of the person, privileging deci-
sions taken on the trajectory of the health condition rather than on arbitrarily 
decided defining cut-points;

–– To overcome the social barriers hampering the diagnostic process (especially in 
disadvantaged regions/populations), standardizing the assessment of the indi-
vidual to his/her biology;

–– To give responsibility to the individual about his/her health status;
–– To give a positive connotation to the aging process (thus fighting ageism) because 

talks about functional reserves rather than deficits.

Today, it is perhaps too early to understand whether this model will obtain wide 
dissemination and adoption. An objective tool for standardizing clinicians and 
researchers around this language is not yet available. Moreover, it might be per-
ceived a possible competition in the acquisition of the intrinsic capacity model in 
those settings and specialties where similar comprehensive constructs (e.g., the FI) 
might already exist. Under this perspective, it is important to understand that the 
WHO is not aiming at replacing successful initiatives already in place to promote 
healthy aging. Its aim is to change approach, language and discussions on aging that 
today tend to exclude older individuals from the society and promote a holistic 
assessment of the older people’s needs. For this reason, the implementation of the 
model might be easier and faster than what can be imagined, especially in those 
disciplines (as geriatrics) where the comprehensive assessment of the individual and 
the personalization of care are well-established cornerstones of the daily practice. 
For sure, a homogenization of terminology (often used in an inappropriate way) is 
required to facilitate further advancements in the field.

One additional point is also worth to be clarified. Today, when we talk about 
conducting a comprehensive assessment of the individual, we automatically think at 
the filling of multiple scales, tests, and questionnaire on a paper support. Differently, 
the model of intrinsic capacity is specifically designed for benefiting of novel and 
future technologies. It is a fact that during our daily life, our functions are continu-
ously registered by numerous devices (e.g., smartwatches, smartphones, or other 
wearable technologies). The organization of these data can easily feed public health 
strategies, and support clinicians at individualizing care for their patients. For exam-
ple, data about physical activity collected by the actimeters included in mobile 
phones have already been used for describing the geographic distribution of healthy 
behaviors across countries worldwide [33]. Consistently, when this information is 
used at the individual level, the amount of physical activity recorded by the device 
has been used for soliciting the person at doing more and more [34]. Apps like these 
able to measure other functional domains are also available or under development. 
Therefore, it will be possible in the future to obtain a comprehensive evaluation of 
the individual based on the longitudinal tracking of functions without special effort 
(i.e., continuous registration of potential components of intrinsic capacity). The 
organization of these data and provision to healthcare professionals may then serve 
for identifying individuals experiencing a deviation from normality of their intrinsic 
capacity trajectory and promptly intervene or verify the efficacy of implemented 
interventions over time.
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18.6.2  �Integrated Care

The WHO published in October 2017 a document on Integrated Care for Older 
People. These recommendations are strongly related to the World Report on Ageing 
and Health and aimed at promoting the comprehensive assessment of the individual 
in order to personalize care through a multidisciplinary approach. This is not really 
new for the geriatric field. However, it probably represents a legitimation of what 
geriatricians have been doing for the past decades to optimize care of older adults, 
and a first attempt to disseminate it to a wide spectrum of health and social care 
professionals.

The complexity of aging is today affecting the clinical routine of many special-
ties beyond the geriatric medicine borders. Sometimes, geriatric syndromes are evi-
dent in individuals affected by specific conditions causing an acceleration and 
accentuation of the aging process (e.g., HIV) [35]. In order to find and implement 
adequate care for the increasing number of frail individuals, it is necessary to 
develop interactions across disciplines and specialties [36].

Finding solutions for integrating care and promoting multidisciplinary exchanges 
is one of the next challenges of our health and social care systems. The success of 
the new models will be surely based on the correct identification of individuals to 
introduce in the adapted pathways and the cost-effectiveness of the system. In order 
to guarantee the respect of these pre-requisite, an important contribution might, 
again, be given by internet and communication technologies. In fact, the centraliza-
tion of data and merging of clinical and health economic information are crucial for 
reorganizing the collapsing systems [37].

Recently, in the attempt of providing better care to frail older persons, the Frailty 
Index has been introduced in the United Kingdom primary care service by contract 
[38]. The systematic use of this tool has benefited by an already existing centraliza-
tion of clinical data. As shown in preliminary reports [39], the use of these automati-
cally generated information about the health status of the individual with economic 
data coming from public health sources might help at optimizing costs and invest-
ments. The interaction of the health economics world with the new-to-come medi-
cine based on holistic models is still at beginning, but probably represents the future 
way to go for making sure that the new paradigms will be sustainable.

18.7  �Conclusions

In conclusion, aging research is at the edge of massive transformation. Traditional 
models of care are shifting towards complex multidimensional models. Consequently, 
research is called at modifying its traditional approach to the theme of aging, aban-
doning mono-dimensional and disease-specific considerations in favor of holistic 
evaluations of functions. In this context, it is necessary to promote and develop 
exchanges and interactions across specialties and disciplines, accepting the 
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inadequacy of independently working methodologies. Only through integration of 
knowledge and care, it will be possible to address the multiple challenges that our 
aging society is today facing.
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