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A B S T R A C T   

Corona virus disease 2019 (COVID-19) is a global emergency able to overwhelm the healthcare capacities 
worldwide and to affect the older generation especially. When addressing the pathophysiological mechanisms 
and clinical manifestations of COVID-19, it becomes evident that the disease targets pathways and domains 
affected by the main aging- and frailty-related pathophysiological changes. A closer analysis of the existing data 
supports a possible role of biological age rather than chronological age in the prognosis of COVID-19. There is a 
need for systematic, consequent action of identifying frail (not only older, not only multimorbid, not only 
symptomatic) persons at risk of poor outcomes.   

The ongoing severe acute respiratory syndrome-corona virus 2 
(SARS-CoV-2) pandemic is a rapidly developing global emergency 
which already claimed over 100 million cases and 2,2 million lives 
worldwide as of February 7th, 2021 (WHO Coronavirus Situation 
Report, 2021). Experience from numerous countries demonstrates that 
corona virus disease 2019 (COVID-19) is able to overwhelm the 
healthcare capacities of relatively well-resourced nations and to shut 
down their economies and societies (Kupferschmidt, 2020). 

A major problem in addressing this crisis is the lack of resilience of 
already overburdened or underdeveloped health care systems that 
cannot offer sufficient and adequate respiratory support and intensive 
care. However, an even greater challenge is the growing number of older 
persons who are both at high risk of developing COVID-19 and to die 
because of its consequences. In the next sections we describe some ob-
servations supporting the viewpoint that beyond age and individual 
comorbidities the absolute determinants of COVID-19-related poor 
outcomes might be related to biological age and multidimensional 
frailty. 

1. Multimorbidity vs. comorbidities and case-fatality rate (CFR) 

Despite the report of case-fatality rate (CFR) of 1.4 % in patients 

without comorbidities vs. 13.2 % for patients with cardiovascular dis-
ease, 9.2 % for patients with diabetes, 8.4 % for patients with hyper-
tension (WHO, 2021), the interpretation of these data is not 
unequivocal. For example, there is a lack of clear evidence that 
COVID-19 CFR is higher in individuals with single comorbidities such as 
those listed above or cancer, kidney or liver disease, solid organ trans-
plantation requiring immunosuppression. Most of the patients with one 
of these illnesses are in fact multimorbid (Valderas et al., 2009). In 
high-income countries, up to 20 % of the population experiences mul-
timorbidity before the age of 40 years (Fortin et al., 2012), with sharply 
increasing prevalence reaching 75 % at 70 years, after which it remains 
relatively stable, probably because of selective mortality (Violan et al., 
2014). Therefore, the highest mortality rates shown in oldest-old 
COVID-19 patients are unlikely to be due to cardiovascular comorbid-
ity alone, as the large majority of older persons suffering from it are 
multimorbid and do not reach an advanced age. Consistent with this 
hypothesis, available studies with focus on single diseases comorbid to 
COVID-19 CFR are rare and mostly small-sized (Du et al., 2020a, b; 
Zhang et al., 2020a,2020b) and show a relatively young age of the pa-
tients - up to 70 years maximum, who in geriatric medicine are 
considered the young old. 

Thus far, reports of large COVID-19 patient cohorts may not always 
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account for the case fatality caused or conditioned by severe comor-
bidities. Thus, their use in answering the question of COVID-19-related 
excess mortality is limited. Indeed, autoptical studies have shown a large 
proportion of COVID-19-related deaths to occur in patients with pre-
existing conditions (Kommoss et al., 2020). Therefore, it becomes 
pivotal to address the methods of COVID-19 CFR reporting. 

2. Advanced age 

Deaths from COVID-19 occur predominantly among seniors. COVID- 
19 appears to be particularly dangerous for older men and to essentially 
spare other vulnerable age groups usually affected by similar viruses. 

In China, more than 50 % of COVID-19 deaths occurred in people 
over 70 years old even though most SARS-CoV-2 infections were being 
contracted by people who were younger. In adults over age 80, the CFR 
has reached almost 22 % (WHO-China Joint Mission on Coronavirus 
Disease, 2020). In the largest samples available, the median age of pa-
tients deceased with a COVID-19 infection is 79 years (Onder et al., 
2020), while a CFR of up to 27 % in persons older than 85 years was 
observed in a large sample of cases in the United States (Centers for 
Disease Control and Prevention, 2020). Similarly high CFR are reported 
among residents of long term facilities. Also, data from the COVID-19 
Lombardy ICU Network in Italy (Grasselli et al., 2020) show that age 
is the ultimate risk factor for mortality in COVID-19, with rates signifi-
cantly over 50 % and 40 % at the age 80+ and 70+, respectively, and 
much less at younger ages. 

3. Biological age, not chronological age 

Aging is per definition an inter-individually and intra-individually 
heterogeneous process, and age-related changes of the lung do not 
occur at the same rate and to the same extent in all older persons 
(Polidori, 2020). Accordingly, there are many cases of recovery after 
COVID-19 severe respiratory distress in the multimorbid oldest old, 
including one case of a centenarian who had survived the Spanish flu 

and the Second World War (Abbatecola and Antonelli-Incalzi, 2020). As 
a matter of fact, being 80 years old or older cannot be the basis for 
denying resource allocation in the name of „clinical reasonableness “or 
„soft utilitarian “approach (Rosenbaum, 2020). There is a huge number 
of active 80-plus persons worldwide with a remaining, often 
disability-free, life expectancy of more than 9 years (https://www.ssa. 
gov/oact/STATS/table4c6.html, latest access on February 7th, 2021). 

3.1. The frailty model of COVID-19 

Are there age-related changes which are particularly relevant to 
specific pathophysiological mechanisms of COVID-19 disease? In other 
words: what is the actual phenotype of the patient at highest risk of 
COVID-19-related mortality? 

To answer these questions, it is important to recognize that, similarly 
to the multifactoriality of age-related diseases, also the pathophysio-
logical mechanisms of COVID-19 challenge the traditional medical 
paradigm „one cause – one mechanism – one therapy“. From host re-
ceptors of SARS-CoV-2 in the cell to the radiologic and histopathologic 
alterations observed across COVID-19 disease severity stages, all well- 
established pathways of the physiological ageing process are involved. 
These include senescence-related receptors CD26 and angiotensin- 
converting enzyme 2 as well as inflammation-related mechanisms, 
immunological alterations, hypoxia-related redox signaling changes, 
and endothelial dysfunction (Polidori, 2020). These alterations paving 
the way to SARS-CoV-2 pathogenicity including the “cytokine storm” 
occupy the biomolecular constituents of the aged organism, which can 
be seen as the inner of three overlapping layers, with the intermediate 
one being constituted by age-related changes of the lung, and the outer 
layer representing the clinical presentation of the disease (Fig. 1). We 
propose that the main reason for high SARS-CoV-2 lethality in advanced 
age is the impact of COVID-19 on each of the three overlying dimensions 
of the organism. These dimensions are also commonly used to concep-
tualize frailty (Ferrucci et al., 2017). 

Fig. 1. The frailty model of COVID-19. Like in frailty (Ferrucci 
et al., 2017), the complexity of and pathogenicity of COVID-19 
in advanced age goes beyond organ medicine (pneumonia and 
hypoxemia) and concerns three layers, each strongly affected 
by SARS-CoV-2. The inner layer includes biological mecha-
nisms hypothesized to be primary causes of frailty, largely 
predisposing to the SARS-CoV-2-related pathophysiological 
cascade. The intermediate layer includes biomarkers of frailty 
and diminished organ reserve, in this case of the lung and of 
the brain. The outer layer is the clinical presentation of the 
disease in which pneumonia and hypoxia are only one group of 
several domains of the ill older patient. 
Modified from Ferrucci et al., 2017.   
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3.1.1. Layer I, biomolecular changes 
Coronavirus is predominantly detected in pneumocytes, less in 

macrophages and bronchiolar epithelial cells, with hemorrhagic necro-
sis and lymphocyte depletion in lymph nodes and spleen, indicating a 
pathological basis of lymphocytopenia (Borges do Nascimento et al., 
2020). Regarding the latter, there is a decline in both the production of 
new naive lymphocytes and the functional competence of memory cell 
populations with advancing age, which is an established factor in the 
increasing frequency and severity of breakthrough infections in older 
persons (Oh et al., 2019). Immunosenescence with low self-renewal 
capacity of specialized immune cells like lymphocytes might be a 
facilitating factor of SARS-CoV-2-induced pathogenicity (Franceschi 
et al., 1998; Akbar and Gilrov, 2020). 

Another pivotal factor in the pathophysiology of SARS-CoV-2- 
induced ARDS is age-related endothelial dysfunction (Donato et al., 
2015). During COVID-19, the overproduction of early response proin-
flammatory cytokines results in the so-called cytokine storm and leads to 
an increased risk of vascular hyperpermeability, multiorgan failure, and 
eventually death when the high cytokine concentrations are unabated 
(Jose et al., 2020). Cytokine storm-related vascular hyperpermeability 
might be particularly dangerous in the aged, already dysfunctional 
endothelium (Lesniewski et al., 2017). 

Thrombosis is commonly observed in small vessels of severely ill 
COVID-19 patients, also found in extrapulmonary organs free from 
coronavirus (Campbell and Kahwash, 2020), suggesting alternative 
mechanisms beyond viral infection, such as hypoxemia and ischemia. 
Hypoxemia-related cascades are indeed a central node of age-related 
processes, being oxygen deficiency associated with increased genera-
tion of reactive oxygen species (ROS) (Sies and Jones, 2020). Metabo-
lites generated by redox reactions have the capacity to modify 
macromolecules over time, and cumulative macromolecular damage can 
contribute to many mechanisms of ageing, including ROS-induced 
endothelial dysfunction and microthrombotic phenomena (Polidori, 
2020). Interestingly, high-dose ascorbic acid (vitamin C), which has 
shown benefit in sepsis-related acute respiratory distress syndrome 
(ARDS), may be of use against COVID-19-related symptoms (Carr, 
2020). 

3.1.2. Layer II, multisystem impairment 
In the frailty model of Ferrucci et al. (2017), the second layer is 

defined as the “area of biomarkers” and includes among others neuro-
degeneration, energy imbalance, and inflammation. In the COVID-19 
adaptation of the model, the main actors in this layer are represented 
by age-related changes in the lung as well as by the so-called inflam-
maging (Franceschi et al., 2000) lowering immune activity but also 
increasing the autoreactivity of the body. The latter is likely detrimental 
in older patients affected by the late-stage coronavirus-induced cytokine 
storm (Shenoy, 2020). Under this condition, indeed, the “energy 
collapse” (Vina et al., 2020) driven by mitochondrial dysfunction and 
sustained by weight loss, poor endurance and weakness (Fig. 1) is 
certainly deleterious for the aged organism; a geriatric cascade in these 
cases is often triggered and leads to failure to thrive (Polidori, 2020). 

The most important age-related changes in the lung possibly 
contributing to COVID-19 pathogenicity are restricted cardiorespiratory 
function, diminished pulmonary function and strength of respiratory 
muscles, increased chest wall stiffness as well as diminished forced 
respiratory volume and oxygen uptake (Valenzuela et al., 2019). 

Due to the activation of coagulation pathways during the immune 
response to infection, thrombin exerts multiple cellular effects which 
can, in turn, augment inflammation via proteinase-activated receptors 
(PARs) (Jose and Manuel, 2020). While thrombin generation is tightly 
controlled by negative feedback loops and physiological anticoagulants, 
such as antithrombin III, tissue factor pathway inhibitor, and the protein 
C system, during inflammation – as during ageing -, all three of these 
control mechanisms can be impaired. Altered clotting and crosstalk 
between coagulation and inflammation as well as of increased D-dimer 

levels as possible indicators of co-existence of venous thromboembolism 
exacerbating in turn ventilation–perfusion mismatch are currently 
under active investigation (Jose and Manuel, 2020). 

3.1.3. Layer III, patient-centered, multidimensional factors affecting 
clinical presentation 

COVID-19 older patients’ trajectories and outcomes might be pro-
foundly affected by factors beyond organ medicine which include psy-
chosocial and nutritional status and preexisting dysfunctions (Ferrucci 
et al., 2017) (Fig. 1). COVID-19 pathogenicity may take strong advan-
tage from malnutrition. While older persons are often malnourished, an 
optimal nutritional status is fundamental for the adequate functioning of 
the immune system (Calder et al., 2020). Viral and bacterial infections 
are often associated with deficiencies in macronutrients and micro-
nutrients, and adequate levels of essential trace elements like selenium 
are required to counteract viral diseases (Steinbrenner et al., 2015). 
Interestingly, an association between reported cure rates for COVID-19 
and selenium status has been recently observed (Zhang et al., 2020b), 
and there is some preliminary indication that a healthy diet, along with 
supplemental antioxidant intake, might be beneficial to COVID-19 pa-
tients (Trujillo-Mayol et al., 2021). In addition, restricted mobility, 
isolation and depressed mood, frequent geriatric syndromes, might be 
exacerbated by social distancing, a main action taken to limit the spread 
of the disease. Finally, air pollution, representing the single largest 
environmental risk to global health, might impact advanced age much 
more than realized up to date (Mudway et al., 2020), particularly in light 
of the age-related changes in the lung described above. 

Despite attempts to including frailty assessment in COVID-19 pro-
tocols (Hewitt et al., 2020; Boreskie et al., 2020; Marengoni et al., 2020; 
Blomaard et al., 2021), the quality of several identified prognostic 
COVID-19 models has been judged to be uniformly poor, so that none 
can be recommended for clinical use to date (Sperrin et al., 2020; Bartoli 
et al., 2020). For healthcare practitioners working with older persons 
this is not surprising, as the weight of organ-centred parameters like 
oxygen saturation and number of existing comorbidities is overcome in 
advanced age by dynamic, multidimensional aspects usually not iden-
tified in clinical routine. Indeed, frailty is not only a dynamic, but most 
of all a multidimensional condition in which multimorbidity is absent in 
about one-fourth of patients. On the other hand, only 16 % of multi-
morbid patients have been classified as frail in a metaanalysis of studies 
on over 14,000 patients (Marengoni et al., 2011). 

4. Outlook 

Lessons from ageing medicine do suggest that biological age, rather 
than chronological age, of affected patients might be the critical factor to 
systematically assess COVID-19 infections to avoid excess mortality. 
Unfortunately, despite active research in the field and promising results 
(Galkin et al., 2020), there is no currently available specific measure of 
biological age (Pilotto et al., 2020). 

However, there is a well-established surrogate marker of biological 
age: frailty. The frailty phenotype is indeed characterized by a decline in 
functioning across multiple physiological systems, accompanied by an 
increased vulnerability to stressors (Fried et al., 2001). It is associated 
with progressively increasing loss of homeostasis and it prevails in 
persons with high biological age. Absence of frailty in advanced age is 
suggestive of young biological age. There are established tools to mea-
sure frailty (Dent et al., 2019). It is known that, even in the presence of 
physiologically diminished organ reserve, older people can compensate 
for many years. While the frailty phenotype might explain why a pro-
portion of older individuals does not undergo the disastrous conse-
quences of COVID-19, its diagnosis offers physicians a potentially useful 
way to protect the most vulnerable older adult. 

Biological age and frailty, as closely correlated, multifactorial and 
multidimensional concepts might be best captured by multidimensional 
tools including biomolecular signatures. Accordingly, specific profiles of 
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multidimensional frailty as a surrogate marker of biological age can be 
identified, which strongly increase the risk of poor COVID-related out-
comes and, if promptly diagnosed and managed, might restore resilience 
and ability to thrive. 

Taken together, fundamental pathophysiological mechanisms of 
COVID-19 are also players involved in the main ageing - and frailty- 
related pathophysiological changes (Ferrucci et al., 2017; Hamczyk 
et al., 2020; Polidori, 2020; Vina et al., 2018). Interestingly, among the 
proposed small-molecule therapeutics for the treatment of COVID-19 
infection are azithromycin and quercetin - both drugs with significant 
senolytic activity -, chloroquine-related compounds – which inhibit the 
induction of the well-known senescence marker beta-galactosidase – and 
even vitamin C under ICU conditions (Carr, 2020). Of note, there is up to 
date no single prognostic or therapeutic algorithm able to univocally 
guide clinical decisions during the pandemic phases preceding and 
accompanying the vaccination (Sperrin et al., 2020; Bartoli et al., 2020). 
This is likely due to the multifactoriality, and therefore complexity, 
characterizing the SARS-Cov-2 infection. To disentangle this 
complexity, the systematic, consequent action must be implemented of 
identifying frail (not only older, not only multimorbid, not only symp-
tomatic) persons at risk of poor outcomes. Diagnosing frailty will also 
help understanding and managing critical emerging issues such as 
therapy response, vaccine effectiveness (Koff et al., 2021) as well as 
development of the long COVID syndrome (Bellan et al., 2021). 
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