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Abstract: The question whether aging is a disease or not, has been asked by many professionals 
who are involved in the study of age-related degeneration. However, not only an agreement on this 
remains elusive, but also effective clinical treatments against human aging have not been forthcom-
ing. In this Opinion paper I suggest that the complexity involved in aging is such that we need to 
remodel our thinking to involve a much more ‘systems-oriented’ approach. I explore four main 
principles which should be employed by those who are working on finding treatments against age-
related degeneration. First, I discuss the problems encountered in translating laboratory research 
into effective therapies for humans. Second, I propose that a ‘systems-thinking’ method needs to be 
more extensively employed, instead of relying exclusively on the current reductionist one. Third, it 
is submitted that we must learn from the history of life-extension research, and not blindly follow 
contemporary paradigms, which may lead us into yet more ‘dead ends’ with regards to therapies. 
Finally, I suggest that, we may need to employ certain universal notions and use these in order to 
gain insights into the mechanics of a possible therapy against age-related degeneration. Examples 
may be the principle of hormesis, those of degeneracy, exaptation, and others from cybernetic or 
systems science domains. By using this four-pronged approach we liberate our thinking from the 
shackles of existing common mistakes and fallacies, and we open the way for a fresh approach that 
may lead us towards entirely new paradigms for providing clinically effective therapies against age-
related degeneration. 
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1. INTRODUCTION 

 It is important to clarify at the outset that the paper does 
not only refer to treatments for common, established chronic 
degenerative clinical conditions (for instance Alzheimer’s 
disease, Parkinson’s disease or cataract), but it also refers to 
therapies or treatments, preventative or curative, that may be 
directed at the heart of the aging process itself (such as se-
nolytics, genetic therapies, rejuvenation biotechnologies, or 
other approaches) [1] which could lower the risk of mortality 
as a function of age. In clinical terms, aging is defined as 
‘time-related dysfunction’, and the overall ideal aim is to 
postpone this dysfunction indefinitely [2]. With this in mind, 
the paper will explore four main principles which should be 
considered by those involved in finding treatments for such 
age-related degeneration. The aim is not to elaborate on ex-
isting or emerging approaches to treat age-related degenera-
tion, but to ‘zoom out’ of current thinking and examine new 
perspectives which may be useful in this respect. 

2. TRANSLATING LABORATORY FINDINGS INTO 
EFFECTIVE THERAPIES FOR HUMAN AGING  

 Despite a large amount of laboratory research, effective 
therapies against aging at a clinical level remain elusive.  
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With regards to aging, the difficulties in translating research 
performed on animals to effective clinical treatments for 
humans are notorious [3-5].  
 We are witnessing an unwarranted dependence on study-
ing simplistic models of aging, and examining issues relating 
merely to a ‘bench to bedside’ principle. But in addition to 
this, there are other stages of the translational process that 
need to be overcome. The following is an outline of a pro-
gressive model of the translation process [6]: 
 Stage T0 – Prior to conducting the actual research there is 
a need to identify and describe the subject and potential of 
this basic research. 
 Stage T1 –This stage aims to bridge the gap between 
basic research in the laboratory and possible health applica-
tions. Strictly, this model refers simply to the suitability of a 
treatment in general terms. 
 Stage T2- At this next stage it is necessary to evaluate the 
clinical usefulness (if any) of the therapeutic application. 
There is a need to establish if this particular pharmaceutical 
product or therapeutic procedure achieves better results than 
other common existing therapies in clinical practice. 
 Stage T3 – If there is clinical usefulness, then it must be 
assessed within a wider, community-based practice. The 
therapy must be integrated into other existing therapies and 
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we must ensure that it reaches the actual patient groups 
which may benefit from the therapy in question. 
 Stage T4- There must be an assessment to establish 
whether the overall health impact of the particular applica-
tion or therapy at a population level is indeed positive. Any 
putative improvement must be shown to be measurable and 
considerable. 
 Stage T5- It may be necessary to consider another, per-
haps final, stage which is time-related. Because aging is a 
continual process, we may also need to assess the persistent 
efficacy of the proposed treatment for all affected humans. 
This must remain unfailingly favourable in the long-term. 
The substantial and measurable health improvements of 
stage T4 must persist for an indefinite time-period [7]. 
 Rejuvenation biotechnologies (which aim to ‘restore 
youth’, i.e. combat the aging process) and of anti-aging 
medicine in general, are, on the whole, still at stage T1. A 
specific treatment may indeed be effective in laboratory 
animals, but this treatment must be shown to make a persis-
tent (not transient) positive health impact at the level of the 
human population (stage T5). Although each of the above 
stages may not be impossible to achieve, nevertheless in 
practice, the totality of the problems seen from a systemic 
thinking perspective makes the effectiveness of any rejuve-
nation intervention much less promising [8]. 
 Therapies aimed at established diseases of aging or any 
other time-dependent loss of function, must not rely only on 
biomedicine but must take into account non-biomedical fac-
tors such as behavioural, social, cognitive, psychological and 
other environmental influences [9, 10].  
 With regards to aging, there is excessive reliance on an-
other faulty logic, namely that research on animals may lead 
to significant benefits in humans. This logic is faulty because 
of a variety of reasons [11].  One of these reasons is that the 
health of human populations must be considered in associa-
tion with our environment, society, culture and other non-
medical parameters. Human-specific phenotypes may be 
dissimilar to animal ones, and even mammal or higher ape 
phenotypes are different than those of humans – in some 
cases from 11% to 31% different [12]. It has been demon-
strated that microRNAs in humans may have special func-
tions which outline significant differences between humans 
and other animal species [13].  MicroRNAs are relevant in 
this respect because they reflect environmental and epige-
netic effects such as societal influences on the DNA. In this 
example it is highlighted that research into animals may not 
necessarily translate into human clinical benefits, due to 
differences in the activity of microRNAs. 
 In addition, target groups of patients are likely to be over 
60 with multiple co-morbidities and polypharmacy issues. 
Therefore, failures of translation are likely, when we ignore 
the physiological and social context of the aging process 
[14].  

3. EMPLOY A ‘SYSTEMS THINKING’ APPROACH 
INSTEAD OF A REDUCTIONIST ONE  

 While reductionism is rife in the field of disruptive reju-
venation biotechnologies [15], there are encouraging signs 

that the number of academics and researchers who think in 
terms of ‘magnification’ (systems thinking) instead of 
‘miniaturization’ (reductionism) is growing progressively 
[16]. In systems thinking we take into account the whole of 
the subject in question, and consider the impact of the envi-
ronment on this subject. The problem in question is magni-
fied, as if the researcher is ‘zooming out’ in order to examine 
the wider picture. On the contrary, in reductionist thinking, 
the problem is broken down into individual pieces, hoping to 
unravel systemic properties by studying these individual 
pieces. In fact, it is unlikely that only one approach is going 
to be helpful, but a combination of thinking methods should 
provide useful answers. 
 Reductionist models of aging fail to account for a number 
of concepts that are associated with real-life complexity. One 
such concept ‘Non-additive Determinism, more commonly 
known as ‘emergence’ [17] where a system is not simply 
demarcated by the sum of all of its individual components 
seen in isolation, but there are additional properties that add 
another layer of complexity in the system’s behaviour. In 
this situation, emergence specifies that simply analysing in-
dividual components of a system does not align with the be-
haviour of the system seen as a whole [18, 19]. 
 In addition to considering the properties of the individual 
components of a system, we must also take into account how 
biological and social factors define the behaviour of an or-
ganism. This is the concept of ‘Reciprocal Determinism’ 
[18], where the behavior of the biological and social factors 
interact in a complex way leading to results which may be 
unnoticeable when we study separately biological or social 
elements. Instead, it is necessary to consider the combined 
effects of both the biological and the socio-cultural environ-
ment of the patient [3]. 
 By considering the dynamics of the entire system (the 
organism in association with the environment the organism 
is in) we move to new and perhaps more promising domains 
which examine the relationship between genes and society 
(social genomics) [20, 21] and the relationship between 
genes and culture (gene-culture co-evolution) [22]. Social 
genomics, as the term suggests, examines the effects of so-
cial stimuli and environmental challenges upon our genome 
[23]. Cole [23] states that:  

“Systems-level capabilities emerge from groups of 
individual, socially sensitive genomes… and … 
transcriptional biofeedback (that) empirically opti-
mizes individual well-being in the context of the 
unique genetic, geographic, historical, developmen-
tal, and social contexts…Studies of human social 
genomics are now clarifying which specific types of 
human genes are subject to social regulation and 
mapping the social signal transduction pathways 
that mediate these effects. The results of these 
analyses are shedding new light on the molecular 
basis for social influences on individual heath, the 
genomic basis for human thriving, and the metage-
nomic capabilities that emerge from networked 
communities of socially sensitive genomes”.  

 Emerging concepts are demolishing the notion that effec-
tive antiaging therapies can be found in a reductionist model 
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alone. Concepts such as Precision Medicine [24], and Mo-
lecular Pathological Epidemiology (MPE) [25] describe how 
disease may affect each patient in unique manner, and there-
fore it could be impossible to devise strategies that can affect 
such variations of pathological processes. 
 A relevant concept here is the ‘Unique Disease Principle’ 
[26]. This states that: 

 “Each individual patient exhibits unique disease 
profiles based on an interaction of genetic, epige-
netic and other factors such as cell interactions, nu-
trition, lifestyle, microbial exposure, social and ra-
cial elements, age differences etc”.    

 According to this principle it is necessary to deploy 
therapeutic interventions that are specific to each individual 
patient, something that may be impossible in clinical prac-
tice.  

4. LEARN FROM THE HISTORY OF LIFE SCIENCE 
RESEARCH 

 'Those who do not learn history, are doomed to repeat it.'  
George Santayana.  
 The history of life extension (i.e. searching for a way to 
avoid aging and live a long, healthy life) reflects paradigms 
which are in accordance with the medical doctrines and the 
beliefs of each chronological period. Prescientific dogmas 
were ruled by mysticism, which necessitated the effort to 
influence the intervention of supernatural beings. Therefore, 
magic and animistic interventions were the main forms of 
treatment of aging and disease [27]. Narratives concerning 
aging and death were refined and elaborated by Greek and 
Roman physicians and were incorporated into religious, 
medical and social practices. These concepts enjoyed a re-
vival during the Renaissance in a journey that was grounded 
in Alchemy, eventually reaching modern times when a more 
systematic inquiry lead us into modern biotechnological ap-
proaches. When favourite treatments of diseases where herbs 
and plants, the treatment of aging was also believed to be 
found in herbs and plants. When hormones where first dis-
covered, the belief was that the secret of long life was to be 
found in hormones [28]. Thus, ideas and opinions about the 
aging process are influenced by the changing ideas and com-
bined opinions of medicine, society, art and culture of each 
particular period [29].  
 Contemporary paradigms suggest that, as disease can, on 
the whole, be cured by pharmaceutical, genetic, and biotech-
nological interventions, it is logical to expect that aging too 
can be cured by such interventions. A representative example 
in this respect is that offered by the concept of rejuvenation 
biotechnologies, as advocated by the SENS (Strategies for 
Engineered Negligible Senescence) concept [30]. This reduc-
tionist and simplistic thinking has not resulted in any useful 
or clinically applicable therapy since its inception nearly 20 
years ago, despite world-wide advocacy and millions of 
funding [3, 4].  
 We should refine our thinking to take into account the 
evolving social, cultural and behavioural narratives and envi-
ronments. In other words, to consider contextual factors, to 
create a diversity of viewpoints, and to co-create solutions 

that involve the participation of stake holders (active in-
volvement of patients). We should learn from such narratives 
and try to forecast what future medicine would be like, so 
that to adapt our thinking to these future models. Already we 
are witnessing the emergence of new ways of interpreting 
health [31] with the rise of precision medicine, and systems 
thinking. These lead to a lesser reliance on reductionism and 
on animal research which may not be suitably translated in 
human benefits with regards to aging. New effective ap-
proaches against aging may reflect entirely new thinking, 
based on a wider framework of therapies, involving both 
basic research and systems sciences, instead of the current 
overreliance on basic animal research alone [32, 33].  
 This is true not only with regards to actual treatment, but 
also with the way aging itself was considered, as a process. 
For two centuries, starting from the mid-1500s, the quest was 
to find remedies in order to extend lifespan of older people, 
so that to benefit from the wisdom of these older people for 
longer [34]. From the 1800s however, aging was depicted as 
a period of decrepitude, to be feared and avoided, and so it 
needed to be eliminated completely from humanity. I quote 
from the above paper:  

“While sharing little with the advocates of the early 
modern period, the recent anti-age movement 
clearly mirrors many of the beliefs of the longevity 
advocates of a century ago. Both groups not only 
see old age as a disease to be eradicated through 
injections and operations, but also argue that the 
old constitute an enormous economic burden. These 
beliefs reveal that the new anti-age movement, like 
its early 20th century precursor, is based on more 
than simple hair dyes, hormones, or diet. Rather, 
their ideas and actions ultimately serve to mar-
ginalize the very process of growing old”. 

 We need to devise a correct approach for treating age-
related degeneration, without repeating some of the errors 
and fallacies of the past [35]. It is important to learn from 
mistakes we made throughout history and apply our wisdom 
in order to develop more coherent theories that are closer to 
the truth. One such example is the Indispensable Soma Hy-
pothesis [1], which is explained here: www.indispensa-
blesoma.info. We must anticipate the future. 

5. EXPLOIT UNIVERSAL NOTIONS  

 There are certain natural notions and principles that are 
valid across several domains, and that can be used in order 
to gain insights into the general mechanics of therapy. We 
need not reinvent the wheel. Instead, we may learn from 
already existing concepts which have not, as yet, been 
given due attention by researchers. Not only these princi-
ples may occur naturally and lead to a particular beneficial 
outcome, but they can also be used purposefully in order to 
enhance an intended outcome. The examples mentioned 
here highlight the fact that universal mechanisms may be 
useful in ways we may not be immediately aware. Such 
mechanisms may help us in our quest for dealing effec-
tively with age-related degeneration. Examples of such 
principles or concepts are: 
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5.1. Biological Amplification 

 This states that activation of one biological process at a 
local level, can have favourable consequences elsewhere in 
the body. An example of Biological Amplification is the 
deregulation of the function of luteinizing hormone which 
may then result in an associated increased risk of Alz-
heimer’s disease [36]. A more well-known example is that 
testosterone is not only active in the sexual domain, but it 
also increases bioavailability of antioxidants, and it improves 
immune responsiveness [37]. Biological Amplification is 
encountered in the case of physical exercise which does not 
only have effects on the muscle, but it may affect cognitive 
health [38]. Therefore, it may be quite the case that by using 
an approach that is targeted at one organ, we may experience 
distant, amplified effects which need to be accounted for. 

5.2. Selective Reinforcement 

 This is a general concept in cybernetics and cognitive 
sciences. It is based upon behaviour modification which 
seeks to increase the occurrence of certain desired events, 
and decrease the occurrence of certain undesirable events, 
with the result that only positive events are retained. This 
increases the degrees of freedom, adaptation abilities, and 
information-content of a process. This effect is also de-
scribed as ‘Operant Conditioning’ in behavioural sciences. 
The addition of a reinforcing stimulus modifies the behav-
iour of the organism and makes it more likely that this par-
ticular behaviour will occur again in the future. The effect is 
also found in biology, where actions or effects that have 
beneficial influence on the survival or evolution of an organ-
ism, may be used again repeatedly, thus improving the over-
all fitness of the organism. This shares common frontiers 
with the concept of exaptation and of hormesis, described 
below. 

5.3. Exaptation 

 During the process of adaptation of an organism or of a 
system, a character or property that was evolved for one 
purpose, may be ‘exapted’ in order to facilitate a new func-
tion in that organism or system. Basically, in exaptation, an 
existing structure gains a new function by reusing a mecha-
nism that is already present. Once this (beneficial) function 
becomes operational in a system (including a biological 
one), and a change of context occurs, then there will be fast 
emergence of radical new functions. In this case the bio-
logical mechanisms necessary for this new function are 
already present but they need adapting to a new function.  
This mechanism highlights the importance of mechanisms 
that may be adaptive and that increase fitness (the ability to 
survive and function well) in biological systems. Such 
mechanisms may assist in the emergence of new functions 
which may be useful in affecting the rate of human aging. 
For instance, as our environment is becoming more cogni-
tive-oriented (instead of physically-oriented), existing bio-
logical mechanisms may be exapted in order to accommo-
date the new relationship between us and our environment. 
Therefore, by the mere fact that our society is becoming 
more cognitive, this may have benefits against age-related 
degeneration via exaptation [39].  

5.4. Degeneracy  

 Degeneracy is an unfortunate term, yet its importance is 
continually growing. It specifically refers to: 

 “The ability of alternate structural pathways to 
achieve similar functional outcomes in one context, 
or dissimilar functional outcomes in divergent con-
texts” [40].  

 It is an environmentally-dependant process, where a sys-
tem recruits multiple pathways in order to achieve flexibility 
of function and adaptation [41]. What this means is that 
complex adaptive systems, just like the human body, have 
many dissimilar structures which can achieve the same end 
function, depending on the environment they are in [42-44]. 
Therefore, we see once again the important of contextualisa-
tion, the importance of considering the human organism not 
in isolation, but in association with its environment. The 
concept of degeneracy may be quite relevant in our search 
for mechanisms which may diminish disease and age-related 
dysfunction. For instance, it may open up possibilities for 
new mechanisms to operate which may help preserve the 
long-term function of somatic cells at the expense of germ-
line cells, therefore leading to an increase in lifespan [1]. 

5.5. Hormesis  

 The case of hormesis is gaining popularity among scien-
tific research [45]. Hormesis is a dose-response phenome-
non, where a low dose of a given stressor may result in 
health benefits for the exposed organism, whereas a higher 
dose may result in damage and disease [46]. In hormesis, 
slight stressful challenges may up-regulate defence and re-
pair pathways, with a subsequent overall improvement in 
function [47]. Hormesis is invoked when the challenging 
stimulus is within a certain optimum range [48-52].  
 The notion that biological processes are subjected to uni-
versal principles indicates that it may not be necessary to 
rely excessively on reductionism. Instead, considering a 
wider, more inclusive picture, the entire system may be 
modified as a whole, even if the action concentrates on one 
specific aspect of the biological process.  

CONCLUSION 

 This review outlines the immense problems associated 
with the concept that age-related degeneration can be ‘fixed’ 
through a physical therapy. Material, item-based interven-
tions are currently the basis of anti-aging medicine and of 
rejuvenation biotechnologies [53-58]. In order to continue 
searching for ways to diminish the impact of aging we need 
to abandon our excessive reliance on reductionism [2-4, 59-
63] and, instead, develop a more sophisticated approach 
based on systems thinking [64-68]. This is not to claim that 
reductionism has no place in modern research or therapy, but 
our thinking must evolve along more complex lines. Histori-
cal perspectives may assist us in highlighting areas of poten-
tial methodological errors. Our research must not examine 
the patient in isolation but must consider the effects of the 
environment on the patient [69-72]. In addition, we must 
consider translational issues that may slow down our pro-
gress. Technology is changing our society [39], and the ef-
fects of this must be studied in detail.  Modern, complex 
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concepts such as Molecular Pathological Epidemiology and 
Social Genomics [73-80], as well as insights gained from 
Precision Medicine [81-87], degeneracy [88, 89], exaptation 
[90, 91], and hormesis [92] may help us along our quest. By 
considering a comprehensive, sophisticated four-pronged 
approach we may be able to make considerable progress in 
diminishing the impact of age-related degeneration. The in-
tention of this paper is not merely to discuss current or po-
tential treatments against age-related degeneration, but to 
encourage the development of a wider and more encompass-
ing perspective on aging. 
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