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Abstract
The association of age with a higher vulnerability to COVID-19 infection is a subject of major importance. Several factors, 
including higher stress due to social isolation, diminished melatonin levels with age, and higher exposure of individuals 
to light at the evening, which reduces melatonin levels and disrupts circadian rhythmicity are relevant for maintaining the 
circadian health in aged individuals. Properly administered, chronotherapy restores the optimal circadian pattern of the 
sleep–wake cycle in the elderly. It involves adequate sleep hygiene, timed light exposure, and the use of a chronobiotic medi-
cation like melatonin, which affects the output phase of circadian rhythms thus controlling the biological clock. Besides, the 
therapeutic potential of melatonin as an agent to counteract the consequences of COVID-19 infections has been advocated 
due to its wide-ranging effects as an antioxidant, anti-inflammatory, and as an immunomodulatory agent, as well as to a 
possible antiviral action. This article discusses how chronotherapy may reverse the detrimental circadian condition of the 
elderly in the COVID-19 pandemic.
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1 Introduction

Aging is the leading risk factor for a variety of chronic dis-
eases, including cancer, metabolic, cardiovascular, and neu-
rodegenerative diseases, which result in a poor quality of 
life and an increase in morbidity and mortality. Among sev-
eral other comorbidities, the aged population is more prone 
to suffer from coronavirus infection and the association of 
aging with a higher vulnerability to COVID-19 infection is 
a subject of major importance [1, 2].

Several interrelated processes, such as circadian desyn-
chronization, free radical-mediated damage, mitochondrial 
dysfunction, low degree of inflammation (“inflammaging”), 
and immunosenescence have been identified as major patho-
physiological mechanisms in aging [3]. In the context of the 
COVID-19 pandemic, several factors, including higher stress 
due to social isolation, diminished melatonin levels with age, 
and higher exposure of individuals to light at night which 
reduces melatonin levels and disrupts circadian rhythmicity 
must be considered. Thus, maintenance of healthy circadian 
rhythms is a sensible goal to achieve in aged individuals.
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Although the elderly may have better coping abilities 
compared to adults [4, 5], increased stress and depression of 
socially isolated seniors lead to increased proinflammatory 
and decreased anti-viral immune responses [2]. Among the 
consequences of staying indoors during the forced lockdown 
period, disruption of circadian rhythmicity, in particular, of 
the sleep/wake cycle is highly frequent, and age-associated 
circadian misalignment prevails [6, 7]. Dysregulation of cir-
cadian timing systems is thought to be involved in several 
medical and mental conditions in aged individuals includ-
ing cardiovascular and neurodegenerative diseases [8, 9]. 
Herein, we briefly discuss how chronotherapy may reverse 
the detrimental circadian condition of the elderly in the 
COVID-19 pandemic.

2  The Aged Circadian Clock Network

During aging, the role of the central circadian pacemaker, 
the hypothalamic suprachiasmatic nuclei (SCN), in synchro-
nizing clocks in peripheral tissues is affected in several ways. 
For instance, the sensitivity for detecting and responding to 
light as a synchronizing cue is depressed in aged individu-
als because of reduced lens transmittance of light [10], a 
reduced number of intrinsically photoreceptive retinal gan-
glion cells that transmit the photic input to the SCN [11], 
and a functional decline in the SCN itself. The aged SCN 
contains fewer neurons that express the neurotransmitter 
vasoactive intestinal polypeptide [12], an important mediator 
of intercellular coupling between individual SCN neurons. 
Moreover, the SCN in older individuals show a reduction 
in the intercellular coupling between individual neurons 
[13] and a reduced number of synaptic terminals. Thus, 
the cumulative reductions in (a) sensitivity to photic input, 
(b) signal transmission, and (c) coupling within neural net-
works, leads to a functional decline of light responses in the 
aged SCN. Remarkably, functional deterioration of an SCN 
during aging greatly reduces longevity, while transplanting 
the SCN from young donors into old hamsters increases their 
lifespan by almost 20% [14]. Core clock gene expression in 
the SCN is affected during aging in a gene-specific manner 
and aged SCN neurons have reduced circadian amplitude of 
intracellular signaling [15]. These likely contribute to the 
aging-related dampening of the circadian SCN-dependent 
output.

Forced lockdown such as during the current pandemic 
disrupts timing and duration of exposure to ambient light, 
the most important environmental Zeitgeber [16]. The use 
of mobile phones, tablets, and computers to watch the news, 
binge-watching of web series, and connecting on social 
media leads to excessive screen time in evening hours [17]. 
The blue light emitted from screens suppresses the natu-
ral production of melatonin at night. Activity levels during 

the day also influence the sleep pattern; low levels of activ-
ity (whether due to confinement or depression) negatively 
affects sleep, as does strenuous activity (e.g. due to stress or 
work overload) [18, 19].

3  Sleep Changes in the COVID‑19 Pandemic

Any stressful event, whether related to personal life or 
caused by natural disasters, precipitates sleep disturbances, 
particularly among people with greater vulnerability such as 
the elderly. Surveys in the general population indicate that 
insomnia, poor sleep, and poor sleep quality are widespread 
complaints in this pandemic [20]. The observed incidence is 
similar to that of major crises involving, for example, natural 
disasters such as earthquakes or floods. In particular, health-
care workers directly involved with patients diagnosed or at 
risk of COVID-19 have shown very high rates of insomnia 
[21, 22].

With the COVID-19 pandemic, at least two factors 
beyond stress are also involved: the effects of lockdown 
and atypical homework schedules. The current view of the 
physiological regulation of the circadian rhythm of sleep/
wakefulness (the main circadian rhythm in the body) holds 
that it is regulated by two components, namely, a circadian 
(∼ 24 h) component and a homeostatic component [23]. The 
circadian time system, is controlled by exposure to daylight 
and various social and environmental synchronizers, such as 
daily routines like getting up at a specific time, eat, exercise 
or participate in social and leisure activities. In confined 
conditions, several of these time signals are altered as there 
are fewer restrictions on performing these activities at fixed 
times.

Furthermore, as exposure to daylight is the main factor 
regulating the circadian time system, restricting its exposure 
affects circadian time. It should be noted that natural sun-
light is the main environmental time signal that regulates the 
circadian clock, allowing physiological functions to occur at 
optimal times of the day [24]. During the day, the intensity 
of outdoor light can reach 100,000 lx in direct sunlight and 
typically ~ 25,000 lx in broad daylight, while the intensity 
of light in closed rooms with artificial lighting is consider-
ably lower, i.e. 200–300 lx [25]. Therefore, spending much 
of the day in low light conditions, indoors only, can have 
detrimental effects via a number of factors. First, the archi-
tecture of many buildings is not designed for the specific 
needs of healthy people during the day. Second, artificial 
lighting systems have only been installed to meet the needs 
of the human visual system, not the circadian system. Third, 
sufficient light each morning upon awakening advances the 
synchronization of the circadian clock each day to keep bio-
logical functions in sync with the solar day.
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4  Sleep Alteration During Aging

Melatonin plays a major role in the circadian component 
that regulates the timing of sleep onset. The circadian 
rhythm in synthesis and secretion of pineal melatonin is 
closely associated with the sleep rhythm in both normal 
and blind subjects [26]. The onset of nighttime melatonin 
secretion is initiated approximately 2 h in advance of an 
individual’s habitual bedtime and has been shown to cor-
relate with the onset of evening sleepiness. Several stud-
ies implicate endogenous melatonin in the physiological 
regulation of the circadian mechanisms governing sleep 
propensity [27, 28]. Aging often is associated with a sig-
nificant reduction in sleep efficiency and continuity and 
coincides with a significant reduction in amplitude of the 
melatonin rhythm and consequently of many other circa-
dian rhythms as well [29]. An increase in early morning 
awakenings and difficulty in falling sleep have been fre-
quently reported in the elderly. Impaired melatonin secre-
tion is associated with sleep disorders that are encountered 
in elderly insomniacs. Indeed, aging may be a process 
resulting from the relative circadian desynchrony produced 
by melatonin deficiency and melatonin can be effective for 
improving the quality of life in the elderly via its recog-
nized chronobiotic capacity [30].

5  Melatonin and Immune Changes in Aging

Advanced age is characterized by a progressive decreasing 
amplitude and phase advance of circadian rhythmicity in 
overall biological functions including blood pressure, hor-
monal circadian secretions, and changes in immune func-
tion [31], as well as by enhanced fibrotic processes, with 
subsequent sclerosis of the vascular system, liver, and kid-
ney [32]. The decrease in circulating melatonin levels has 
been advocated as responsible for these changes [30, 33]

Concerning immune regulation, the main age-related 
variations in immune system activity consist of a decline 
in T helper (Th) 1 and T regulatory (T reg) cell counts [34] 
in association with an increase in Th17 cell number [35]. 
The rise in Th17 cells together with a decline in T reg cell 
function predispose to autoimmune diseases. On the other 
hand, the decline in Th1 lymphocytes in association with 
an increase in Th17 cell count predispose to cancer [36].

Age-related immune changes probably represent the 
main biological mechanism responsible for the enhanced 
frequency of systemic human diseases in the elderly, 
including tumors, autoimmune pathologies, and ath-
erosclerosis-related cardiovascular disorders. Indeed, 
recent advances in understanding immune functions 

have demonstrated that the immune system is not only 
involved in the defense against cancer and infections, but 
also in the regulation of most biological systems, includ-
ing cardiovascular, nervous and endocrine systems [37]. 
An example of this is given by the angiotensin-converting 
enzymes (ACE) and ACE2, whose activations are respon-
sible for hypertensive/inflammatory effects and hypoten-
sive/anti-inflammatory actions, respectively [38]. Aging 
is characterized by a progressive increase in ACE / ACE2 
ratio, presumably due to decreased melatonin levels since 
melatonin inhibits ACE and promotes ACE2 expression 
[39–44].

The pathophysiology of COVID-19 involves the binding 
of the coronavirus to ACE2, which is expressed in airway 
epithelial cells including those of the alveolar sac as well 
as in other tissues like the intestinal epithelial cells [45]. 
Two subunits of the S spike protein, S1 and S2, of the virus, 
are involved in this reaction; S1 attaches to ACE2 and S2 
mediates the fusion of the virus with the cell membrane. 
After that, the viral RNA is released into the cytoplasm lead-
ing to the translation of two proteins forming a replication/
transcription complex that synthesizes new RNA encoding 
additional proteins. Once new genomic RNA is formed, it 
assembles with nucleocapsid proteins and glycoproteins 
yielding new viral particles [45].

Young people do not suffer from COVID-19 as frequently 
as do the elderly; among other possible reasons is that they 
usually have much higher circulating melatonin levels to pre-
vent ACE2 downregulation and curtail the massive increase 
in inflammatory cytokines and reactive oxygen species, 
i.e., the cytokine storm. General immunity is impaired in 
severely compromised COVID-19 patients [46] and mela-
tonin stimulates immunity [47]. Therefore, the use of mela-
tonin, an endogenously-produced and proven-safe molecule, 
in adequate doses may prevent the development of severe 
disease symptoms in coronavirus patients [48]

6  Chronotherapy

The common causes of sleep disturbance during aging 
include, but are not limited to, lifestyle (e.g., retirement life), 
pre-existing medical and mental illnesses, polypharmacy, 
poor sleep habits, pre-existing sleep disorders, and psycho-
logical distress [49]. Sleep dysfunctions and sleep disorders 
are highly prevalent in the aging population [50]. As men-
tioned above, sleep disruption has become more prevalent 
during the COVID-19 pandemic.

The objective of chronotherapy is to optimize medi-
cal treatments taking into account the body’s circadian 
rhythms [51, 52]. Chronotherapy works via two means: (1) 
it alters the sleep/wake rhythms of patients to improve the 
sequels of several pathologies; (2) it takes into account the 
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circadian rhythms of patients to improve therapeutics. Both 
approaches are relevant for the discussion of chronothera-
peutic strategies in aged individuals during the COVID-19 
pandemic.

Even minor dysfunctions of the biological clock can 
greatly affect sleep/wake physiology. It may cause exces-
sive diurnal somnolence, increase in sleep onset latency, 
phase delays or advances in sleep onset, frequent night 
awakenings, reduced sleep efficiency or increased periodic 
leg movements [53]. Chronotherapy is designed to restore 
the proper circadian pattern of the sleep–wake cycle in the 
elderly, through adequate sleep hygiene, timed light expo-
sure, and the use of a chronobiotic medication like mela-
tonin, that affects the output phase of circadian rhythms thus 
controlling the clock (Fig. 1).

Concerning the second basis of chronotherapy, it should 
be stressed that the immune system displays very strong cir-
cadian rhythmicity [54]. At the beginning of daily activity, 
there is increased expression of pro-inflammatory media-
tors such as interleukin (IL)-1β, IL-6, and IL-12, as well as 
macrophage and leukocyte activity, which leads to potential 
damage to tissues. By contrast, anti-inflammatory mediators 
and other growth or angiogenesis factors peak during the 
resting phase (for ref. see [55]. Both CD4 and CD8 T cells 
activities against viral antigens reach their highest levels dur-
ing the resting phase while the cytotoxic activity of natural 
killer cells is most severe at the beginning of the active part 
of the day. Indeed, the time of the day in which a viral infec-
tion occurs affects survival. For instance, infections at the 
beginning of the activity phase are more fatal than infections 
that occur at the beginning of the resting phase [56]. These 
temporal patterns may be disrupted in aged individuals, and 
thus circadian disorganization should be taken into account 
when using immune modulators and anti-inflammatory 

agents in the older population [55]. It is plausible that proper 
circadian timing of anti-inflammatory drugs (chronotherapy) 
can target the detrimental inflammatory cascade in COVID- 
19 patients without interfering with the fight of the immune 
system against the virus [57]. This can be extremely impor-
tant for low dose dexamethasone treatment, given the recent 
demonstration that it may reduce to one-third mortality in 
severely-infected COVID-19 patients [58].

7  Conclusion

Melatonin is the prototype of the drugs that influence the 
circadian apparatus (i.e. chronobiotics) [59] and plays a 
major function in the coordination of circadian rhythmicity. 
Moreover, melatonin is a potent cytoprotective agent having 
strong antioxidant, anti-inflammatory, and immunoregula-
tory activity. In the context of the COVID-19 pandemic, the 
therapeutic potential of melatonin as an agent to counteract 
the consequences of COVID-19 infections due to its wide-
ranging effects as an antioxidant, anti-inflammatory, and 
immunostimulant, as well as to a possible antiviral action 
has been advocated. This subject has been extensively 
reviewed elsewhere [60–63]. In light of the public health 
problem triggered by the spread of COVID-19 and in the 
face of essentially null options for prevention or treatment 
presently available, the use of melatonin has been proposed 
to possibly control the consequences of this serious disease. 
A preliminary report supports this effect [64]. Based on the 
safety of melatonin, and to maximize its therapeutic efficacy, 
doses in the order of 50–100 mg p.o. have been proposed for 
prevention in vulnerable individuals, like the elderly.

At this time of compulsory and massive isolation or quar-
antine of aged people, they become particularly prone to 
circadian misalignment [65] and may benefit from receiv-
ing a chronobiotic compound as melatonin to maintain an 
adequate sleep/wake cycle and other circadian rhythms. 
Even at the high doses of melatonin employed and the use 
of a fast release preparation given at a single time point in 
the day (bedtime) retains the chronobiotic effects (Fig. 2). 
Therefore, the rationale for the use of melatonin as a pre-
ventive medication in the COVID-19 pandemic focuses not 
only on the attenuation of the immunoinflammatory disorder 
but also on general improvement and prevention of possible 
complications provided by the maintenance of optimal cir-
cadian rhythmicity.

As of today, there is no single effective treatment avail-
able for COVID-19; however, several anti-inflammatory 
and antiviral molecules are being tested and administered. 
Different vaccines are in various stages of development. 
Although the peak of SARS-CoV-2 pandemic appears 
to be passing a new wave is already occurring in some 

Fig. 1  Chronobiotic activity of melatonin. The combined use of 
melatonin and bright light to augment the amplitude and synchronize 
endogenous circadian rhythmicity in aging. Bright light in the morn-
ing together with melatonin at bedtime interact to augment the ampli-
tude of sleep/wake cycle and other circadian rhythms. In delayed 
phase sleep syndrome melatonin augments the amplitude and phase-
advanced the sleep/wake rhythm
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regions. Moreover SARS-CoV-2 may never disappear 
totally. Thus, identifying an effective treatment of COVID-
19 is mandatory.
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