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WHY THE COVID-19 DISEASE IS PARTICULARLY DANGEROUS IN ELDERLY PATIENTS?
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Abstracts: Coronavirus disease 2019 (Covid-19) has so far killed many people; with the majority of deaths
occurring in people over the age of 65 years. The severity and outcome of Covid-19 largely depends on a
patient’s age. The combination of three factors could explain this finding: the first factor is linked to the lung
aging, the second is linked to associated comorbidities in elderly subjects and the third is linked to the
particularities of Covid-19. Here we emphasize the modifications linked to pulmonary aging and their role in

the worsening the covid19 disease.
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Among COVID-19 patients, elderly patients have a
higher mortality rate and symptomatic infection
rate. Approximately 80% and 90% of deaths have
occurred in patients aged >70 years and 260 years
in Korea and Italy, respectively (1, 2).

Why is the high mortality of Covid-19 so strongly
associated with age? The answer probably lies in
the combination of three factors: the first factor is
linked to the aging process especially of the lungs
(pulmonary aging), the second is linked to
associated co morbidities in elderly subjects and
the third is linked to the particularities of Covid-19.
Pulmonary aging can be of intrinsic (genetic) or
extrinsic (environmental) origin. The lung is the
most vulnerable organ to extrinsic aging since it is
in direct contact with environmental factors:
tobacco, air pollution, occupational exposure.
Indeed exposure to cigarette smoke and other
environmental stressors over the life span
accelerate biologic processes associated with
normal aging. In addition, the elderly are often the
subject of several chronic diseases (obesity,
diabetes, and cardiovascular conditions) which
tend to accelerate the general aging of the
individual (3-5).There is a progressive, age-
associated decrease in lung function, the forced
expiratory volume at the first second (FEV1)
declines by ~30 mL per year in men and women,
whereas the forced vital capacity (FVC) begins to
decline later and at a slower rate (20 mL per year)
resulting in a decrease in the FEV1/FVC ratio (6).

The losses in volumes and flow rates due to aging
are due to structural and functional changes of the
lung: the alteration of the elasticity of thoraco-
pulmonary tissues, the kyphosis or curvature of the
spine, the decrease in the strength of the
respiratory muscles, the changes in the pulmonary
circulation, the increase in ventilation-perfusion
inequality, the reduction in response to hypoxia
and to hypercarbia, the immunosenescence which
can cause a low-grade systemic inflammation
described as inflamm-aging and the regulation of
pulmonary receptors expression (beta2 and
Angiotensin converting enzyme-2 (ACE2) (3, 6, 7).

The decrease in the strength of the respiratory
muscles with age is related to changes in skeletal
muscle structure including the diaphragm (8).
Physical inactivity and smoking exposure of many
elderly subjects worsens skeletal muscle
dysfunction by aggravating proteolysis and
inhibiting protein synthesis, leading to loss of
muscle mass (9).

Age-related changes in the pulmonary circulation
result in an increase in pulmonary artery systolic
pressure, increased ventilation-perfusion inequality
and a progressive decrease in the diffusing capacity
for carbon monoxide (DLCO) in elderly. The
reduction in DLCO may be due to declines in the
alveolar surface area and, possibly, in the density
of lung capillaries (10, 11).
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A reduction in response to hypoxia and to
hypercarbia is noted in elderly subjects. The
hypoxic ventilatory response is substantially
reduced in smokers. So aging when associated to
tobacco use leads to a loss of potentially protective
mechanisms making elderly subjects more
vulnerable (12). This effect may delay the diagnosis
of the lung disease in elderly subjects (For example
infection with Covid19).

The immune system also undergoes an aging
process termed immunosenescence which can
cause an inflamm-aging. Both innate immunity and
adaptive immunity are affected by aging. Declining
function of innate immune cells with aging also
contributes to the dysregulation of the adaptive
immune system via molecular cross-talk (13,14).
Humoral immune function also changes
significantly with aging. These changes include
decreased antibody responses and diminished
production of high-affinity antibodies related to
defective surface immunoglobulin/B-cell receptor
affinity, decreased signaling, and reduced B-cell
proliferation. There is also a loss of naive B-cells
and an increase in memory cells with age, resulting
in a reduced ability to respond to new antigens
(14-16).

The pulmonary receptors’ expression changes with
age. The main consequences of these
modifications are exposure to the risk of infection
and poor control of chronic diseases. ACE2 was
recently identified as a functional receptor for
SARS virus and is therefore a prime target for
pathogenesis and pharmacological intervention
(17). ACE2 was predominantly expressed in
alveolar epithelium (alveolar cells type 2),
bronchiolar epithelium, endothelium and smooth
muscle cells of pulmonary vessels (17). ACE2
expression is dramatically reduced with aging in
both genders (18). This finding could explain the
epidemiologic data suggesting that there was an
obvious predominance of young adult patients
with a slight female proneness in severe acute
respiratory syndrome (SARS). Smoking upregulates
ACE2: A potential adhesion site for novel
coronavirus SARS-CoV-2 (Covid-19) (19). Sina
Booeshaghi and Lior Pachter found that the
decrease in ACE2 mRNA expression with age in
lungs is likely due to two underlying phenomena: a

reduction of ACE2 mRNA in ciliated cells, and a
shift in ciliated cell abundance with age (20).

In healthy individuals, endothelial cells help to
regulate blood pressure, prevent inflammation,
and inhibit clotting, in part through the continual
production of nitric oxide (NO); they also serve as
gatekeepers for molecules passing in and out of
the bloodstream. Some elderly patients who have
obesity, diabetes, and cardiovascular conditions
have compromised endothelial cells. By attacking
those cells, COVID-19 infection causes leaking
fluids out of the vessels and blood clotting. Those
changes spark inflammation throughout the body
and fuel the acute respiratory distress syndrome
(ARDS) responsible for most patient deaths (21).

These changes related to age may expose elderly
subjects to an increased risk of serious infections
by Covid-19, decompensation of chronic diseases,
addiction and death.
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