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Abstract The coronavirus disease 2019 (COVID-19)
pandemic is provoking a global public health crisis. Even
though the academic world is intensively pursuing new
therapies, there is still no “game changer” in the man-
agement of COVID 19. The Mammalian Target of Rapa-
mycin (mTOR) is an ancient signaling system that has been
proposed as a molecular tool used by coronaviruses and
other RNA and DNA viruses in order to replicate and
persist in the host cell. In recent years, Intermittent Fasting
(IF), a practice consisting on a strict calorie restriction
during a prolonged period of time during the day, has
gained popularity due to its potential benefits in multiple
health systems and in regulating inflammation. IF inhibits
the mTOR pathway which is similar to the effects of
Rapamycin in some animal models. mTOR inhibition and
promotion of autophagy could potentially be the link
between the possible direct benefits of IF in COVID-19 due
to the interruption of the viral cycle (protein synthesis).
Besides, IF has shown to be a strong anti-inflammatory in
multiple prior studies, and may play a role in attenuating
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COVID -19 severity. This review hypothesizes the possible
intersection between viral, immunological, and metabolic
pathways related to mTOR and the potential mechanisms
through which IF may improve clinical outcomes. Future
prospective randomized controlled clinical trials to evalu-
ate intermittent fasting (IF) regimens in order to prevent
and treat moderate to severe forms of COVID-19 in
humans are needed.
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Introduction

We are in the midst of a pandemic due to SARS-CoV-2
(named by WHO on Feb 11, 2020) that causes coronavirus
disease 2019 (COVID-19) and is causing a global public
health crisis [48]. Innovative therapies are in the lookup
around the world in international academic centers while
vaccines are starting to be distributed around the globe
[37]. To this day, COVID-19 management is still contin-
uously changing. The antiviral Remdesivir has been
authorized for the treatment of suspected or laboratory-
confirmed COVID-19 in hospitalized patients with severe
disease after data showed a decrease in the time to
improvement from 14 to 11 days without clear benefit in
mortality [51]. Dexamethasone also showed promising
results when it proved to reduce mortality among those
receiving invasive mechanical ventilation or oxygen at
randomization [47]. Other therapeutics are being studied
currently in the United States and worldwide which can be
found elsewhere [51]. Even though the academic world is
intensively researching this topic, there is still no “game
changer” in the management of COVID 19.
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Recently, the molecular mechanisms that allow the
SARS-CoV-2 and other Human Coronavirus to fully dis-
play its pathogenic capacity have been under scrutiny
[7, 21]. The Mammalian Target of Rapamycin (mTOR) is
an ancient signaling system that has been proposed as a
molecular tool used by this virus and other RNA and DNA
viruses in order to replicate and persist in the host cell
[7, 12, 50, 52, 61, 69]. In recent years, Intermittent Fasting
(IF), a practice consisting on prolonged calorie restriction
during the day with short feeding windows (also called,
Time Restrictive Feeding—TRF), has gained popularity
due to its potential benefits in multiple health systems and
in regulating inflammation [14, 44].

Therefore, in this review we will be discussing and
exploring the molecular mechanisms through which Inter-
mittent Fasting (IF) may switch off the mTOR pathway and
interfere with the SARS-CoV-2 cell replication cycle. This
could attain important consequences not only for preven-
tion but improving clinical outcomes in COVID-19
patients, especially in high-risk populations.

The mammalian target of rapamycin (mTOR), cell
growth, and survival

The Mammalian Target of Rapamycin (mTOR), a serine-
threonine kinase, is a complex molecular compound that
integrates the input from multiple upstream pathways. It’s a
highly conserved ancient complex that senses cell nutrition,
oxygen, stress, hormonal levels, and energy balance. It
regulates metabolism, immunity, and physiology and is
regulated by growth factors, hormones, cytokines, stress,
and nutrients. Importantly, mTOR hyperactivation is
highly linked to “aging” through “inhibition of autop-
hagy” and accumulation of cellular debrides. Hyperacti-
vation of mTOR has been linked to cardiovascular disease,
inflammatory conditions, autoimmune diseases, aging, and
cancer. Since SARS-CoV-2 triggers a “Cytokine storm-
like Syndrome” (CSS) and because mTOR is linked to
inflammatory conditions, this intriguing system has raised a
lot of interest as a potential therapeutic target against
COVID-19 [46, 55, 68]. More recently, there are multiple
ongoing clinical trials using mTOR inhibitors like Rapa-
mycin against SARS-CoV-2 (see below) [11]. One of the
mechanisms for cell growth triggered by mTOR is the
5’cap-dependent mRNA translation by the assembled
elFAF complex responsible for mRNA translation into
proteins [7]. The Cap-dependent mRNA translation is
regulated by mTORC1 via the phosphorylation of down-
stream effectors. Briefly, the chain of events starts with the
activation of PI3K (through a transmembrane ligand
receptor) which is responsible for the phosphorylation of
PIP-2 to PIP-3 (2nd messenger). PIP-3 then will phos-
phorylate Akt, which through phosphorylation of TSC2
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will promote the formation of Rheb-GTP and final acti-
vation of mTORI1 at the level of the lysosomal membrane
(see Fig. 1). The above events will finalize with the acti-
vation of the eukaryotic initiation factor 4E (eIF4E)-bind-
ing protein 1 (4E-BP1) and the p70 ribosomal S6 kinase 1
(S6K1) resulting in protein translation [29] (Fig. 1). As it is
well known, protein synthesis utilizing the cell machinery
is of paramount importance on the life cycle of multiple
family of virus including Coronaviruses. The mTOR
complex may sense the “need for cell growth” in the
presence of upstream stimulators and will start the protein
translation process as described above (5’cap-dependent
mRNA translation).

mTOR, protein synthesis and infections

It is not surprising that multiple pathogens naturally
selected this cell machinery apparatus to replicate intra-
cellularly and persist not only in chronic-latent infections
but in acute infections as well. In particular this may be
important for small RNA (4) virus since the inhibition of
apoptosis and promotion of protein synthesis should play
an important role to complete their life cycle within the cell
before it perishes due to apoptosis or elimination within the
phagolysosomes, like shown on RSV [12]. A recent study
showed that Erlichia can activate mTOR through the
MyD88 pathway activating the inflammasome in macro-
phages [26]. Interestingly, the same study showed that
MyD88 knock-out mice did not cause inflammasome
activation which implies that the MyD88 is actively
involved in mTOR activation. It was also shown that other
RNA and DNA viruses utilize the mTOR pathway of the
host cell to self-replicate or avoid specific immune
responses, “hijacking” the system [29]. Previous studies
also confirmed the mTORCI as the key factor in multiple
virus life cycles, including hantavirus, hepatitis C virus,
and coronaviruses [52, 61, 69]. Multiple bacterial species
and parasites utilize different strategies, some of them
inhibiting or activating the system. For example, Toxo-
plasma gondii activates mTORCI] to increase the transla-
tion of mTOR-sensitive transcripts, including those
encoding proteins for mitochondrial function [43].

mTOR and the coronavirus family of viruses

Single-strand positive sense RNA viruses (SS-RNA+) like
SARS-CoV-2 may use this system on its own benefit in
order to increase the synthesis of viral proteins while
inhibiting autophagy, at least transiently. Even though it
remains uncertain on how SARS-CoV-2 may activate the
mTOR pathway we hypothesize that it may be through the
Toll Like Receptor (TLR) 7 or 9 activation after the initial
processing of the virion at the post-entry-phago-lysosomal
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Fig.1 Mechanisms of activation of the eukaryotic initiation factor 4E
(eIF4E)-binding protein 1 (4E-BP1) and the p70 ribosomal S6 kinase
1 (S6K) resulting in protein translation leading to Cell growth and
Survival, Inhibition of Autophagy and Viral Replication. The process
starts with the activation of PI3K (through a transmembrane ligand

receptor) that phosphorylates PIP-2, which through subsequent
phosphorylation of TSC2 will promote the formation of Rheb-GTP

level. In a “fed-state” with availability of nutrients or other
hormonal signals, the mTOR pathway may be activated by
both, a nutrient-hormonal pathway and by a SARS-CoV-2-
TLR7/9-MyD88-dependent pathway (see Fig. 2).

In other members of the Human Coronavirus Family of
Virus (HCoV) it has been shown that the cap-dependent
mRNA translation may, in fact, play an important role for
the replication and survival of this family of viruses. In a
recent study of the Middle East Respiratory Syndrome
(MERS) the inhibition of mTOR with sirolimus or ever-
olimus (mTOR inhibitors) reduced MERS-CoV infection
by 60% implying a critical role for mTOR in the MERS-
CoV viral cycle. Of note, MERS-CoV shares many simi-
larities with SARS-CoV-2 [55]. Another in vitro study
done in 2015 showed that the ERK/MAPK and PI3K/AKT/
mTOR signaling responses played important roles in
MERS-CoV infection and the authors suggested this
pathway as potential target [27]. In another very revealing
study of patients with severe Influenza HIN1 pneumonia,
early adjuvant treatment with corticosteroids and sirolimus
was associated with improvement in clinical outcomes,
such as hypoxia, multiple organ dysfunction, virus clear-
ance, and shortened liberation of ventilator and ventilator

Lysosome

and final activation of mTORI1 at the level of the lysosomal
membrane. Another pathway of mTOR activation is also shown:
Virions entering the eukaryotic cell using a membrane receptor
(ACE-2) and activating MyD88 after lysosomal processing. In the
end, mTOR1 works as a regulator via the phosphorylation of
downstream effectors

days [61]. Of note, the mortality associated with Influenza
pneumonia, as with SARS-CoV-2, is also attributed to
acute respiratory distress syndrome (ARDS) [41]. Recent
network-based drug repurposing models recently also
identified mTOR inhibitors as potential useful drugs
against SARS-CoV-2 [69]. Multiple ongoing prospective
clinical trials are testing the pharmacological inhibition of
mTOR against COVID-19 [11].

Another possible indirect link of the relationship
between SARS-CoV-2 and the mTOR pathway is the
relationship between COVID-19 and worse clinical out-
comes in obese patients [17]. Obese patients suffer from
“chronically overactivated” mTOR in multiple tissues [7].
The hypothesis that overactivated mTOR produce obesity
was proved when S6K knockout mice showed resistance to
obesity [54]. Obese patients infected with SARS-CoV-2
may overload an already hyperactivated mTOR system
with the result of hyperproduction of virions and pro-in-
flammatory cytokines. Obese patients with COVID-19 may
reach more easily the “set-point” or “threshold of tolerable
inflammation” above which the cytokine storm syndrome
is triggered (see Fig. 3).
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Fig. 2 A model of the integration of the activation of mTOR leading
to the subsequent expression of the transcription factor NF-kb (IL-1b
and IL-6) responsible of Inflammation and Cytokine Storm. The
nutritional-hormonal pathway that begins with the activation of a
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Based on the above, the possibility of alteration of the
SARS-CoV-2 life cycle and its consequences through
inhibition of mTOR and stimulation of autophagy with
non-pharmacological (nutritional) strategies is intriguing.
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Intermittent fasting (IF)

Recently there has been an increasing public and scientific
interest about the possible health benefits of IF (mainly
categorized as time restrictive feeding or alternate day
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fasting) beyond weight loss [1, 22, 23, 31, 35, 44]. Mam-
mals have developed specific mechanisms over hundreds of
thousands of years to overcome the lack of food and energy
in the environment triggering stress signals. Of note, the
same mechanisms have been seen in Nematodes and yeasts
[31] which means that these ancient mechanisms have been
highly conserved between species. These alternative
metabolic pathways are extremely efficacious to handle
cellular stress and starvation, keeping a high level of
mental acuity and physical endurance among other health
benefits including decreasing inflammation, promoting
anti-aging effects and accelerating autophagy [36]. Multi-
ple animal studies of IF have consistently proven to
increase lifespan, decrease inflammation, treat diabetes and
other metabolic diseases, improve cardiovascular health,
and promote innumerable neurocognitive benefits (includ-
ing neuro-protection against stroke) which has been
reviewed in detail in previous reviews [31, 36]. This
mechanism was probably not only created to use alterna-
tive sources of energy but also to clear cells from toxic
molecules, R.O.S, DNA damage, cellular debris, and,
probably, intracellular organisms through promotion of
autophagy. It is well recognized that mTOR activation has
“Pro-aging” effects and favors senescence later in life
since it inhibits autophagy. mTOR is thought to be culprit
of cellular accumulation of damaged organelles, oxidized-
misfolded proteins, and cellular debris since it will inhibit
the clearance of those molecules with resultant “aging”. In
fact, the main mechanism of action of IF is the inhibition of
mTOR and stimulation of autophagy.

Intersection between COVID-19, IF, autophagy,
and mTOR

Possible Direct anti-viral mechanisms of IF

Inhibition of mTOR It was shown mainly in vitro that IF
directly improves cellular stress adaptation (mainly against
ROS generation), decrease inflammation and DNA dam-
age, decrease mTOR expression [31], and promote autop-
hagy [34] which is similar to the effects of Rapamycin in
some animal models [19, 49, 63]. These effects could
potentially be the link between the direct benefits of IF in
COVID-19 due to the interruption of the SARS-CoV-2
viral cycle (decrease protein synthesis) with decrease in
viral productivity and systemic inflammation.

In a “fed-state” the persistent activation of mTOR
during COVID-19 through the TLR/MyD88 pathway and
the nutritional-hormonal pathway may promote local and
systemic inflammation (increase IL-1b and IL-6 between
others), with intracellular SARS-CoV-2 persistence due to
increase of protein synthesis and replication. Viral persis-
tence will be the link between immune-exhaustion,

immune-senescence, and inflammation; with worse clinical
outcomes in certain high-risk population [13]. In this sce-
nario there will be a double-loop of positive feedback
activation over mTOR (viral and nutritional-hormonal
pathway) (see Fig. 2).

IF may not completely avoid the mucosal “Infection” of
the host (since there may be some replication through the
MyD88 pathway) but may prevent or ameliorate signifi-
cantly the viral replication within the cell through inhibi-
tion of the nutritional-hormonal pathway (Pathway 1 on
Fig. 2). Processed viral RNA in the lysosomal membrane
during starvation may still stimulate some lysosomal
TLR7-9 with subsequent activation of mTOR through the
MyD88 pathway in Antigen Presenting Cells (APCs) with
resulting activation of the transcription factor NF-kb
(Pathway 2 on Fig. 2) and IL-1b and IL-6 production but
the volume of virion production may be less since one limb
of the feedback loop (nutritional) will be absent. At this
level the mTOR might remain transcriptionally active due
to constant presence of processed viral RNA even during
starvation but at an expected much lower level. The
silencing of mTOR with IF may abolish in part some viral
protein synthesis (if not the majority) since it will pause the
5’cap-dependent mRNA translation complex. The level of
mTOR activation in the absence of activation of the
nutritional-hormonal loop is difficult to predict but will
need to be tested in experimental models. Recent publi-
cations encourage and promote the study of new strategies
to promote autophagy in COVID-19 [9]. In the best clinical
scenario, the contribution of the hormonal-nutritional
pathway is of paramount importance for the viral cycle and
in a starving mode the processed virions may not be
enough to produce significant viral replication and
inflammation. The clinical correlation of this possible
findings remains to be defined and is poorly understood.

Promotion of autophagy The promotion of autophagy
may accelerate the clearance of remaining and partially
processed viral RNA near the lysosomal membrane. Evi-
dence suggests that a specific form of autophagy, called
“xenophagy”, is responsible for the elimination of bacte-
rial, viral or fungal pathogens [45]. Studies have also
demonstrated that autophagy can attenuate lung inflam-
mation when exposed to a pathogen [45] which may con-
tribute to decrease the hyperinflammation associated with
SARS-CoV-2. Autophagy is regulated by three protein
complexes: ULK1 (ULK1, ATG13, RB1CC1/FIP200 and
ATGI101), class IIT PtdIns3K (ATG14, BECN1, PIK3R4/
VPS15 and PIK3C3/VPS34) and ATG16L1. mTOR is a
direct inhibitor of ULKI1. Under starvation conditions,
MTOR is inactivated allowing ULK1 complex formation,
and activation of the PtdIns3K, which will result in the
assemble of the autolysosome [5]. Cytoplasmic cargo
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includes damaged mitochondria, organelles, proteins,
nucleic acids, intracellular bacteria, etc. Several different
families of viruses, including coronavirus, have adapted by
evolving a large variety of strategies to escape and/or to
benefit via the inhibition and/or stimulation of autophagy at
different stages of the process. It was recently reported that
MERS-CoV infection actually blocks autophagy at the
autolysosome formation stage via NSP6 and the accessory
proteins 4b and 5 which would prevent the late formation
of mature autolysosomes (responsible for lysis of the
cargo). The interplay between coronaviruses and autop-
hagy is very complex and not completely understood.
Multiple already approved drugs for other uses have shown
promise in vitro on promoting autophagy and inhibiting
some members of this family of viruses. It is being more
recognized now that autophagy inducers generally will
antagonize coronavirus replication. This are some exam-
ples [5]:

e Everolimus MERS-CoV
inhibition

e Ivermectin (Inhibition of PAKI and subsequent AKT
phosphorylation): SARS-CoV-2 inhibition.

e Rapamycin/Sirolimus (Inhibition of MTOR): MERS-
CoV/MHV/TGEV/PEDV inhibition.

e Niclosamide (Inhibition of MTORC1 and ULK1 activ-
ities and induction of LC3B expression): MERS-CoV

inhibition.

(Inhibition of MTOR):

In a recent publication it was shown that SARS-CoV-2
inhibits autophagy through the downregulation of autop-
hagy-inducing spermidine, and facilitates AKT1/SKP2-
dependent degradation of autophagy-initiating Beclin-1
(BECN1), which is reverted by Niclosamide [42]. In a
recent genomic study of the SARS-CoV-2, it was found
that the NSP6 protein of the virus binds with greater
affinity to the endoplasmic reticulum (ER) which may
allow the virus to inhibit autophagy, which prevents the
degradation of viral particles by the final autolysosome
[45]. It is believed that any therapeutic strategy that
increases and enhance autophagy being pharmacological or
nutritional may bring more benefits than harm.

Role of IF in decreasing inflammation

It is well-known that severe SARS-CoV patients has sig-
nificantly higher serum levels of pro-inflammatory
cytokines (IFN-y, IL-1, IL-6, IL-12, and TGFp) and
chemokines (CCL2, CXCL10, CXCL9, and IL-8) com-
pared with SARS-CoV patients with mild disease or neg-
ative controls [10]. Interestingly, in very sick patients the
anti-inflammatory cytokine IL-10 was decreased. The
exacerbated immune response will drive mortality being
the final events the CSS and ARDS once the threshold of
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inflammation is reached (see Fig. 3). IF is an attractive
strategy to decrease lung and systemic inflammation. It is
important to clarify that even though IF has shown much of
its anti-inflammatory properties in animal studies COVID-
19 patients can suffer from such high systemic inflamma-
tory levels above the mean that any change may correlate
with improvement in clinical outcomes.

IF was shown to be a strong anti-inflammatory in mul-
tiple prior studies, mainly in animal studies and with
conflicting results in humans [24, 31, 35, 36, 58, 60]. In rats
exposed to stroke experimental models IF decreased IL1-b,
TNF-alpha, IL-6, and caused suppression of the “Inflam-
masome” [3]. Recently it was observed that IF regulates
the NLRP3 Inflammasome activation through SIRTI1
(deacetylases) having implications as a therapeutic target
[58]. TF also resulted in reduced levels of mRNAs encoding
the LPS receptor TLR4 and inducible nitric oxide synthase
(iNOS) in the hippocampus of rats exposed to systemic
LPS. Moreover, in another study IF prevented the LPS-
induced elevation of IL-la, IL-1b, IFN-y, RANTES,
TNF-o and IL-6 [60]. A study in mice showed that
enhancing mitochondrial energetics against damage-asso-
ciated molecular patterns (DAMPs) may play a pivotal role
in preventing inflammation during fasting and that it may
be mediated, at least in part, through SIRT3-directed
blunting of NLRP3 inflammasome assembly and activation
[57]. These effects in animal studies were recently tested in
a proof-of-concept study in pre-diabetes patients exposed
to IF [53]. On this study IL-6, hs-CRP, and TNF-alpha did
not change but IF did decrease markers of oxidative stress
between other health benefits even though the number of
patients were low (n = 8). If we consider inflammation a
subtype of physiologic stress, IF could help to cope with it,
triggering adaptive cellular responses, counteracting local
diseases processes, decreasing DNA damage, stimulating
local repair due to autophagy and increasing apoptosis of
certain cells and cellular growth in others [31]. IF
decreased markers of liver inflammation significantly in
experimental rodent models fed with pro-inflammatory
diets [35] possibly through an inhibition of TLR4, NF-kb,
and interleukin signals [64]. A stressed Endoplasmic
Reticulum (ER) is known to generate ROS which, in turn,
activates the NLRP3 inflammasome and secretion of IL-1b.
A recent study in rats showed also a potential therapeutic
role of B-hydroxybutyrate (increased during IF) in sup-
pressing the ER (stressed)-induced inflammasome activa-
tion [4]. This could have important implications in the
context of SARS-CoV-2-stressed-ER due to the increased
production of viral proteins. In another experimental model
in rats with an experimentally induced stroke, IF could
attenuate the inflammatory response and tissue damage by
suppressing NLRP1 and NLRP3 inflammasome activity in
neurons [16].
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Recently was shown that isocaloric TRF (Time
Restricted Feeding) during 8 weeks in males reduced many
markers of inflammation such as tumor necrosis factor
alpha, interleukin 6, and interleukin 1b, and, increased
adiponectin (an anti-inflammatory cytokine) [39]. It was
proved that the Short Chain Fatty Acids (SCFAs) B-hy-
droxybutyrate (BHB) and acetoacetate, both elevated dur-
ing starvation, inhibit the NLRP3 inflammasome. Of note,
IF will increase the concentration of SCFAs significantly.
SCFAs can inhibit the inflammasome by themselves,
probably due to its high volume of distribution and high
cell membrane penetration. SCFAs were shown to reduce
the NLRP3 inflammasome-mediated interleukin (IL)-1p
and IL-18 production in human monocytes [66] which will
be extremely important in the context of SARS-CoV-2-
induced-CSS.

Studies of IF on patients with chronic inflammatory
diseases can bring light to the possible benefits against
COVID-19. A very revealing study showed that patients
with Rheumatoid Arthritis (RA) had significant clinical
improvement (pain and inflammation) after a period of
fasting if a vegetarian diet was followed thereafter [40].
Another study in overweight Asthmatic female patients
exposed to IF showed a significant decrease in the levels of
TNF-alpha and markers or oxidative stress (8-isoprostane,
nitro-tyrosine, protein carbonyls, and 4-hydroxynonenal
adducts) with improved clinical response. It showed that
prolonged fasting blunted the NLRP3 inflammasome and
Th2 cell activation in steroid-naive asthmatics as well as
diminished the airway epithelial cell cytokine production
[20]. The last two studies show a clear benefit of IF on two
very common systemic inflammatory diseases in humans
(Rheumatoid arthritis and asthma) which could be applied
to COVID-19. The relationship between nutrition and
inflammation also can be attenuated by IF in COVID-19
patients. A diet rich in carbs and fat increases the levels of
insulin and leptin. Leptin usually reflects a pro-inflamma-
tory state whereas adiponectin and ghrelin (both increased
while fasting) can suppress inflammation and increase
insulin  sensitivity. Adiponectin also possess anti-
atherosclerotic and anti-inflammatory effects by inhibiting
the adhesion of monocytes to endothelial cells [33].
Importantly, it has been seen that IF reverses the metabolic
syndrome in rodents in experimental models [31] which
could have important clinical implications since obesity is
a well-known risk factor for worse clinical outcomes in
COVID-19. Of note even weight loss may be seen as only
one of the positive outcomes of IF, in the case of COVI-19
it could have a direct impact on mortality and morbidity.

Decrease local gastrointestinal inflammation and repair
of the gastrointestinal epithelial lining

It is well known that SARS-CoV-2 has receptors in the
gastrointestinal epithelial cells and can present clinically
with GI symptoms [56]. To have a structural intact and
functional GI epithelial barrier must be extremely impor-
tant to prevent infection of epithelial cells with SARS-
CoV-2. In fact, the GI tract may represent a reservoir for
SARS-CoV-2 even after decolonization of the nasopharynx
and respiratory mucosa. Even in the absence of gastroin-
testinal symptoms, there may still be local inflammation,
immune activation, and, in some cases, a “leaky gut” with
microbial translocation, especially in obese patients [59].
The significant increase of Short Chain Fatty Acids seen
during IF will decrease the local gut inflammation and may
contribute to reverse the damage to the epithelial tight
junctions. The concept of enhancement of Pluripotential
Stem cells (PSCs) with inhibition of mTOR during fasted
states has been described before [65]. In fact it has been
shown that IF promotes hematopoietic stem cell activation
and regeneration of immune cells [8]. Interestingly,
recently was shown that Paneth cells in the crypts of the gut
mucosa, may promote the growth of Intestinal Stem Cells
(ISCs) during fasting through inhibition of mTOR, result
that was also reproduced using Rapamycin. That could
mean that IF may have implications for epithelial and tight
junction repair after SARS-CoV-2 initial damage since
Paneth cells may sense the lack of nutrients as a signal of
cellular stress. This study showed for the first time a link
between the host nutritional status and stem cell function
through mTOR inhibition since mTOR controls ISCs
function depending on nutritional factors [2]. IF also
showed to increase ISCs numbers, increase ISCs self-re-
newal, increase ISCs regeneration, and decrease ISCs dif-
ferentiation [2]. Inhibition of mTOR, Insulin, and IGF-
1during IF may promote the growth and self-renewal of
ISCs with repair of the epithelial damage. It is clear that IF
shall have benefits in the gut hemostasis since it has been
showed to limit the intestinal toxicity during chemotherapy
probably reflecting the increase activity of ISCs [2].

A potential change in the composition of the micro-
biome to a less-inflammatory biotype (phenotype switch to
the Firmicutes and Lactobacillus with detrimental effects
on Proteobacterias and Prevotella) with IF may have also
important implications in mounting an appropriate immune
response against SARS-CoV-2 and less systemic
inflammation.
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Potential clinical implications

Clinical benefits of intermittent fasting are still under
investigation and multiple studies are showing promising
results towards rheumatic diseases, neoplasms, diabetes,
metabolic syndrome, cognitive dysfunction and mental
health [32, 38].

COVID-19 tends to present with a severe pulmonary
compromise in patients with chronic metabolic conditions
such as diabetes, obesity, metabolic syndrome and car-
diovascular diseases [28, 67]. In that sense, some studies
have found that higher glucose levels at admission were
linked to mortality and worse clinical outcomes in patients
with COVID-19 [62]. Intermittent fasting could play a role
in preventing adverse COVID-19 outcomes among obese
and diabetic patients. Recent investigations have strongly
suggested a relationship between a well-designed inter-
mittent fasting schedule and a considerable improvement in
glycemic control along with beneficial metabolic effects
[6, 18]. On another aspect, some studies have reported a
potential increase in vital lung capacity and mean/peak
expiratory flow among patients during Ramadan fasting
period compared to post-Ramadan [25]. The potential
clinical implication of this findings could lie in the
importance of IF in preserving an adequate baseline lung
health, that would allow a lower degree of pulmonary
compromise during SARS-CoV-2 infection.

Other investigations are postulating a strong role of IF in
the reduction of cardiovascular risk, since this intervention
have shown to lower blood pressure through the
parasympathetic system, reduce blood cholesterol levels
and directly inhibit the development of atherosclerotic
plaques due to its intrinsic immunomodulatory role [15].
Cardiovascular diseases have shown to carry a higher risk
of SARS-CoV-2 infection and a higher risk of progression
to pneumonia and the need for ICU care [30]. This may be
explained by SARS-CoV-2 infection acting as a precipi-
tating factor that may worsen a previously diminished
cardiac functional reserve owing to myocardial ischemia or
myocarditis [67]. IF may play a role in diminishing this
burden of cardiovascular disease and as an effective non-
pharmacological preventive method.

Time-restricted feeding (TRF) has been described with
different schedules ranging from a 16-h fasts/8 h feeding
times, 18-h fasts /6 h feeding times and 20-h fasts/4-h feed
times [14]. We consider that the optimal goal should aim to
increase periodically the hours of fasting and try to reach
the hypothetical goal of one meal a day (OMD) as tolerated
by the individual. In that sense, further studies should
consider the importance of an ideal timeframe for the
fasting period as well as the optimal time of day when it
occurs.

@ Springer

Weight loss with decrease of the BMI, improvement of
cardiovascular disease and metabolic syndrome, improve-
ment of diabetes mellitus, decrease of systemic inflam-
mation, inhibition of mTOR with control of viral
replication, and promotion of autophagy could be highly
appreciated therapeutic effects from an intervention that
has a very low cost and with no mayor risks.

Conclusion

The COVID-19 pandemic is still a public health concern
worldwide. Molecular theoretical models show potential
beneficial effects of IF on the interruption of SARS-CoV-2
life cycle through inhibition of mTOR and promotion of
autophagy. Studies are needed in order to evaluate different
intermittent fasting (IF) regimens and the clinical impli-
cations on the prevention and treatment of COVID-19 in
humans. Furthermore, special populations at risk could
benefit from these cost-effective preventive interventions
that may develop into policies and public health strategies.
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