
The aging process 
 
 
 
ABSTRACT 

Aging is considered a universal, natural process of progressive tissue deterioration and loss of function that 

significantly increases the risk of developing several pathological conditions, leading finally to death. Despite 

its unquestionable morbidity and negative effects on well-being, it was traditionally considered as a universal 

and natural process unworthy of medical intervention. However, due to the fact that lifespan is being 

extended and that recent studies have managed to manipulate it in animal models with genetic, nutritional 

and pharmacological interventions, there is now a growing interest in aging research. This essay will first 

introduce the aging concept, epidemiology and diagnostic criteria, and then address the current knowledge 

regarding its aetiology and pathological process, ending with a discussion of the possible intervention 

strategies and future perspectives 

 

 
Definition 

Biological aging is a universal process characterized by a progressive damage of tissue structure and function 

(Balcombe & Sinclair, 2001). This deterioration increases the risk of developing a wide range of associated 

pathologies, such as cancer, cardiovascular and neurodegenerative conditions, finally leading to death. 

Traditionally, aging has been considered as a universal, natural process that increases the risk of disease in old 

people, but not as a disease itself. Despite fitting the current medical definition of disease (development of an 

abnormal structure and function, having a number of specific causes and symptoms (Bulterijs et al., 2015)), 

aging has been set aside due to the fact that it is a normal condition that inevitably affects everyone (Gladyshev 

& Gladyshev, 2016). However, being a normal process shouldn’t be a reason for leaving it aside of medical 

attention.  

Classification of pathological conditions is strongly influenced by the historical and cultural context, and as 

Bulterijs and cols. commented wisely, “what is a disease and what is not is thus something we invent to create 

a classification of medically-treatable conditions” (Bulterijs et al., 2015). Official recognition of aging as a 

disease will therefore stimulate funding for aging research and allow the development of medical 

interventions for improving longevity and quality of life. 

 

 

Epidemiology and morbidity 

As already commented, aging is associated with several pathological conditions, sometimes named as “multi-
morbidity” (Stepanova et al., 2015). A senescent and extenuated immune system is a common factor among 
elderly that promotes a permanent low-grade inflammation (Candore et al., 2010), which increases the risk of 
developing multiple chronic pathologies such as cancer, metabolic conditions, cardiovascular, autoimmune 



and neurodegenerative diseases. It is widely known that all of these conditions affect aged people in a critically 
higher proportion (Bürkle et al., 2007; Stepanova et al., 2015). 
 
On the other hand, life expectancy has been increased over the past decades due to the improvements on 
medical care and quality of life (Cauley, 2012; Christensen et al., 2009; Vaupel, 2010), and demographic data 
predicts that aged population over 65 years will ascend from 7% in 2008 to 14% by 2040, especially in 
developed countries (Cauley, 2012). Remarkably, disability is also declining and therefore a growing number 
of people is reaching centenarian ages as a consequence of an extended healthspan (fig 1).  
 
Another point is the existence of important differences in life expectancy among countries. According to the 
“World Health Statistics 2016: Monitoring Health for the SDGs” report, Japan, Switzerland, Singapore, 
Australia and Spain occupy the top 5 of the list, enjoying an average lifespan over 82 years, while in the 
opposite pole, entailing sub-Saharan African countries, people don´t even reach an average lifespan of 60 
(World Health Organization, 2016). These data is of important interest in order to analyse the subjacent causes 
of such differences (e.g. economic, environmental, social and cultural factors) and increase our understanding 
of aging, as well as develop global strategies for decreasing the gap. 
 

 

 

 

Diagnosis 

Despite being a universal process, there are important differences among individuals that make people age at 

different rates. As a result, chronological age can´t accurately predict life expectancy; biological parameters 

are thus more reliable (Balcombe & Sinclair, 2001).  

Nevertheless, no universally accepted diagnostic criteria exist for evaluating biological age of individuals. 

Finding the differences between the aging process and other age related diseases has been a widely discussed 

topic, and there is still no consensus on whether such a difference really exists (Gladyshev & Gladyshev, 2016; 

Vijg & Campisi, 2008). Regarding this, several parameters have been proposed, but more research is needed 

for a deeper understanding of aging in order to discern its intrinsic biomarkers.  

Figure 1 | The emergence of the extremely old. 

(Vaupel, 2010) 

People over 100 years were very rare in the past 

centuries, but the number of centenarian people in 

Sweden and Japan has increased rapidly since 1950 and 

1975 respectively. (Data from the Kannisto–Thatcher 

Database on Old Age Mortality (http:// 

www.demogr.mpg.de) supplemented with data from 

Statistics Sweden and the Japanese Ministry of Health.)  



Aging is a very complex and multisystemic process, affecting various systems simultaneously. Therefore, 

relying in a sole biomarker won´t be accurate and a combination of variables should be used instead (Sprott, 

2010). Several studies have suggested a combination of biomarkers that presumably predict biological age and 

morbidity. These markers reflect functionality of cardiovascular, neuroendocrine, immune or metabolic 

systems by measuring variables such as inflammation, oxidative stress and protein glycation (table 1) (Belsky 

et al., 2015; Gruenewald et al., 2006; Jackson, Weale, & Weale, 2003; Simm et al., 2008).  

However, how to estimate biological age given a number of biomarkers is a more difficult question. Various 

mathematical algorithms can be employed for this purpose including multiple linear regression and principal 

component analysis (Levine, 2013). Interestingly, Levine (2013) has examined the reliability of five of these 

algorithms finding that the Klemera and Doubal method (Klemera & Doubal, 2006) was significantly better in 

predicting mortality than other algorithms, and also much better than chronological age. 

It is important to mention that knowing biological age can be useful for predicting future disability and 

morbidity, as well as having the opportunity to prevent disease in an early stage. Hence, algorithms that 

combine different biomarkers such as the Klemera and Doubal method might be the best approach for this 

task. 

 

 

 

 

Table 1 | Biomarkers used by Levine (2013) 



Aetiology and pathological process 

What is aging and why do we age is still an open question. Scientists have suggested a wide number of theories 
(Medvedev, 1990) that can be divided in two groups, not necessarily contradictory: biological programmed 
aging and environmental accumulated damage. As all of these theories show evidence, it is probable that both 
extrinsic (environmental) and intrinsic (genetic) factors have their role in this multifactorial process (Balcombe 
& Sinclair, 2001; Medvedev, 1990). 
 
A recent review has proposed 9 possible hallmarks capable of describing the aetiology and progression of the 
aging process (fig 2) (López-Otín et al., 2013). These can be classified in three categories that will be discussed 
in the following sub-sections: primary hallmarks or the intrinsic causes of damage; antagonistic hallmarks or 
compensatory responses; and integrative hallmarks or the resulting aging phenotype. 
 

 

 

Primary hallmarks 

These are considered by López-Otín and cols. (2013) the primary triggers of aging, as they are intrinsically 

negative and accumulative. This is the case for genomic instability, telomere attrition, epigenetic alterations 

and loss of proteostasis.  

Genomic instability is a universal factor of aging that consists in accumulation of DNA damage throughout life 

(Moskalev et al., 2012), caused randomly by intrinsic and extrinsic agents such as DNA replication errors and 

reactive oxygen species (ROS). Fortunately, cells count with some DNA repair mechanisms in order to maintain 

stability, which might be a useful target for anti-aging interventions. 

Telomere attrition can be considered as a specific type of genomic damage. Telomere shortening in somatic 

cells was first observed in vitro, but is also associated with organismal aging (Blasco, 2007). One possible 

explanation is that telomere loss acts as an “aging clock” that eventually arrest the cells in a permanent and 

dysfunctional non-dividing state, known as cell senescence, which will be described later (Kuilman, 

Figure 2 | The hallmarks of aging. (López-Otín et al., 2013) 



Michaloglou, Mooi, & Peeper, 2010). Of great importance is that loss of telomerase activity in stem cells can 

impair regenerative capacity of tissues (Blasco, 2007). 

Regarding epigenetic patterns, changes in DNA methylation and chromatin remodelling are commonly found 

in aged cells, which eventually deregulates important networks and changes cell behaviour (Sinclair & 

Oberdoerffer, 2009). 

 

Antagonistic hallmarks 

These include mitochondrial dysfunction, cellular senescence and deregulated nutrient sensing (e.g. 

deregulation of insulin, mTOR or AMPK pathways). All of them are meant to compensate the accumulated 

damage generated by the primary factors, and are indeed a favourable homeostatic process in the short term. 

However, when chronic they become detrimental and promote an aging phenotype (López-Otín et al., 2013).  

As an example, cellular senescence is a permanent cell cycle arrest that prevents tumour development 

(Campisi, 2005; Kuilman et al., 2010), but these cells also acquire a senescence-associated specific phenotype 

(SASP) which promotes a dysfunctional microenvironment highly favourable for inflammation and 

tumorigenesis (Coppé et al., 2010; Velarde et al., 2013). Giving another example, ROS are involved in many 

signalling pathways in every cell and are necessary for homeostatic maintenance, but when excessive they 

become harmful and aggravate aging (Dröge, 2002; Hekimi et al., 2011).  

 

Integrative hallmarks 

These are the final result that arise when homeostatic mechanisms cannot compensate the damage, resulting 

in the final aging phenotype. Stem cell exhaustion and altered intercellular communication (such as the 

expression of SASP by senescent cells) are both classified in this category as they are consequence of many 

different types of damage (López-Otín et al., 2013).  

A very common aging phenotype is the impaired regenerative capacity of tissues due to stem cell exhaustion. 

Giving a few examples: muscle and bone repair mechanisms decline with age, resulting in age-related 

conditions such as osteoporosis and sarcopenia (Convoy & Rando, 2012). Haematopoiesis is also 

compromised, with a subsequent permanent low-grade inflammation and exhausted immune system with 

less efficacy (Shaw et al., 2010). 

 

 

Clinical management 

It is widely known that having a healthy lifestyle, which entails behaviours such as never smoking, moderate 

alcohol consumption, moderate physical activity and healthy nutrition (eating fruits and vegetables daily and 

low consumption of refined carbohydrates) prevents apparition of age-related diseases and extends 

healthspan (Sabia et al., 2012). 



Figure 3 | Cellular responses to reactive oxygen species (ROS). (Finkel, 2000) 

However, the interesting question is how to selectively target the aging process with genetic, nutritional and 

pharmacological interventions in order to easily reach centenarian ages in good conditions. Given this, 

experimental amelioration of the mentioned hallmarks should be an effective approach. 

One of the most studied strategies is caloric restriction (CR), which is nowadays the most potent method that 

expands lifespan in a wide variety of organisms including primates (Colman et al., 2014; Speakman & Mitchell, 

2011). However, given the difficulties of translating it to society, there is an increasing interest in finding drugs 

that mimic the CR effects. Treatments that target metabolic pathways have been studied for this purpose, 

such as Metformin (anti-diabetic drug for insulin regulation) (Anisimov, 2013; Berstein, 2012), resveratrol 

(affects sirtuin activity) (Gertz et al., 2012) and Rapamycin (interacts with mTOR signalling) (Blagosklonny, 

2012). 

Antioxidants have been also widely studied, as they are meant to protect cells from oxidative damage. 

However, as commented above, ROS are involved in homeostatic maintenance and long-term uptake of 

antioxidants might be even detrimental in some cases, especially in healthy people with an equilibrated 

balance of ROS (fig 3) (Dröge, 2002; Finkel, 2000). 

Other interesting strategies have been suggested such as targeting the gut microbiota (Ottaviani et al., 2011), 

the daily use of anti-inflammatory agents like aspirin (Strong, 2008); telomerase reactivation, which has been 

proved to be successful in mice (Jaskelioff et al., 2011); and periodic removal of senescent cells. Remarkably, 

this last one has proved to be effective in transgenic mice, delaying the development of age-related diseases 

and extending healthspan (Baker et al., 2011, 2016; Chang et al., 2016; Zhu et al., 2015). 

Finally, genetic sequencing and evaluation of epigenetic patterns in centenarians and its comparison with 

short-lived people is being examined and holds promise for future genetic interventions (Heyn et al., 2012; 

Winnefeld & Lyko, 2012). 
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Conclusions and future perspectives 

It should be noted that one of the main impediments for aging research has been the fact that it was 

traditionally seen as an inevitable, natural process. Instead, more attention has been payed to age related 

diseases, regarded as treatable and separated conditions. Nevertheless, multi-morbidity in aged people is a 

common, complex condition that should be treated as the ultimate expression of aging. Therefore, targeting 

aging might be the best approach for delaying the apparition of disease and improve the overall quality of life. 

This is certainly a difficult task that needs for an integrative, holistic approach that takes into account all the 

different aspects influencing the aging process in order to develop possible interventions. Thus, there is a need 

for understanding the intrinsic mechanisms of ageing, its specific causes, biomarkers and symptoms, as well 

as considering the economic, environmental, social and cultural factors that strongly influence this complex 

matter.   
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