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Abstract 

Purpose At a time of a pandemic SARS-CoV2 infection, and in the context of the multiorgan 

crosstalk widely accepted as a mechanism participating in the pathophysiology of all organs 

and systems, a correlation between adipose tissue, muscle and the immune system has been 

investigated. Physical Activity (PA) represents the first line of defence against metabolic 

diseases and infections, like SARS-CoV2, modulating several crucial functions such as 

inflammation and immune response. Conversely, obesity, type 2 diabetes and cardiovascular 

disorders – all correlated with PA - negatively impact on general health status, including 

susceptibility to infections. Here we review the complex interplay between type 2 diabetes, 

obesity, immune response, inflammation and viral infections, such as the current SARS-CoV2, 

focusing on the molecular mechanisms modulated by exercise.  

Methods A comprehensive literature search was completed to identify joint biomarkers 

previously used to investigate acute and chronic exercise training.  

Results we show that PA may counteract/mitigate viral adverse effects. We also describe data 

suggesting that vitamin D supplementation, frequently observed in practitioners of sport and 

regular exercise, could represent an additional positive factor in supporting COVID-19 with 

fighting against the virus. 

Conclusion Altogether this evidence confirms that an active lifestyle and PA not only 

counteract dysmetabolic diseases but could also be effective for counteracting SARS-CoV2 

infection. It is therefore essential to persuade people to keep active.  

 

Keywords: Physical Activity, COVID-19, healthy lifestyle, metabolic disorders, immune system 
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List of abbreviations in alphabetical order 

ACE2 Angiotensin-Converting Enzyme 2  

AMPK 5' adenosine monophosphate-activated protein kinase  

ARDS acute respiratory distress syndrome  

Coronaviruses (CoVs) 

COVID-19 corona virus disease 2019  

CRP C-reactive protein  

CVD cardiovascular disease  

DPP4 dipeptidyl peptidase 4  

FoxO Forkhead box O  

hsCRP high-sensitive C-reactive Protein  

IL interleukin  

IL-1ra IL-1 receptor antagonist  

IL-6R receptor  

LPS lipopolysaccharide  

M1 macrophages of subtype 1  

M2 macrophages of subtype 2  

MERS-CoV Middle East Respiratory Syndrome Coronavirus  

NFAT activated nuclear T cell factor  

NF-B nuclear factor-kappa B 

NLRs nucleotide-binding oligomerisation domain (NOD)-like receptors  

PGC-1α peroxisome proliferator-activated receptor-gamma coactivator  

PPRs pattern recognition receptors  

SARS-CoV2 Severe Acute Respiratory Syndrome Coronavirus 2  

SIRT1 sirtuin 1  

SNS sympathetic nervous system  

TLRs Toll-like receptors  

TNF-α tumor necrosis factor-alpha  
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Introduction  

 Regular exercise positively contributes to general health status in all age groups, from 

children to elderly people (Fossati et al., 2020) (Wolfenden et al., 2020).Regular physical 

activity (PA) improves the health and metabolic status of various organs , mental wellness and 

the immune system in all ages (Whooten et al., 2019) (Rizzo et al., 2020). OMS recently 

defined the minimum level of PA (150 min of moderate/intense exercise; 10.000 steps) 

required to avoid  a number of metabolic disorders, including obesity, type 2 diabetes, 

cardiovascular disease (CVD) and cancer (Warburton et al., 2006). The molecular mechanisms 

through which PA reduces the risk and severity of the above-mentioned disorders are multiple 

and complex, and are part of the context of chronic adaptations (Warburton et al., 2006). 

Regular PA also exerts protective effects against inflammatory processes through the 

regulation of immune responses and inflammatory processes (Nieman & Wentz, 2019). In 

addition, people performing regular PA are protected against infections (Romeo et al., 2010).  

In December 2019, several cases of pneumonia of unknown origin occurred in Wuhan, 

China (Rothan & Byrareddy, 2020) and a new coronavirus, namely Severe Acute Respiratory 

Syndrome Coronavirus 2 (SARS-CoV2), resembling the previous SARS-CoV and Middle East 

Respiratory Syndrome Coronavirus (MERS-CoV), was identified as the cause (Ahn et al., 2020). 

Coronaviruses are enveloped positive-sense RNA viruses that cause respiratory diseases; viral 

genome analysis has revealed that SARS-CoV2 is around 80% similar to SARS-CoV, but only 

50% similar to MERS-CoV (Https://Nextstrain. Org/Groups/Blab/Sars-like-Cov, n.d.). Since 

December 2019, the SARS-CoV2 virus has spread from China to more than 200 countries 

worldwide (Rothan & Byrareddy, 2020). The World Health Organization update of 14 May on 

SARS-CoV2 contagion numbers reported 4,248,389 cases and 294,046 deaths globally 

(Https://Www.Who.Int/Docs/Default-Source/Coronaviruse/Situation-Reports/20200414-

Sitrep-85-SARS-CoV2-19.Pdf?Sfvrsn=7b8629bb_4)., n.d.). 

Subjects of all ages are susceptible, even though children often have a milder form of 

the disease than adults and child deaths have been extremely rare (Ludvigsson, 2020). 

Infection is transmitted through microdroplets generated when positive patients cough or 

sneeze, irrespective of the presence of symptoms (Singhal, 2020). The main symptoms, which 

generally manifest after 5 to 14 days of incubation, are fever, cough and fatigue, while other 

symptoms include sputum production, headache, haemoptysis and dyspnoea (Rothan & 

Byrareddy, 2020) (Lake, 2020). The manifestations are highly heterogeneous, with individuals 

being asymptomatic or displaying mild symptoms or a severe respiratory syndrome until death 

(Lai et al., 2020). The reasons determining the diversity of clinical manifestations of the disease 
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are largely unknown, though several comorbidities have been associated with an increased 

rate of contagiousness as well as a worse prognosis for the disease (Rodriguez-Morales et al., 

2020). It is noteworthy that many of the comorbidities are metabolic-related disorders and/or 

immune dysregulations, both positively influenced by healthy lifestyle and PA. On the other 

hand, a sedentary lifestyle represents a clear risk factor for many diseases and for infections 

(Knight, 2012) (Nigro et al., 2017).   

Here we review the current knowledge on the complex interplay between type 2 

diabetes, obesity, immune response, inflammation and viral infections, such as the current 

SARS-CoV2, focusing on the molecular mechanisms positively influenced by PA that are likely 

to counteract/mitigate viral adverse effects. 

 

SARS-CoV2 infection  

Coronaviruses (CoVs) belong to the subfamily of Coronavirinae, classified into four genera 

namely, −coronavirus, −coronavirus, −coronavirus and -coronavirus, (de Groot et al., 

2013) (W. Li et al., 2005). Of these four subfamilies, only  and  CoVs are able to infect 

humans, causing respiratory disease with a wide range of clinical phenotypes, from a mild 

influenza to a severe respiratory disease and, in the worst case, death (Hashem et al., 2020). 

CoVs are large enveloped viruses with a positive large single-stranded RNA, ranging from 26 

to 32 kb (Perlman & Netland, 2009). As previously reported, two CoVs, namely SARS-CoV and 

MERS-CoV, caused a severe epidemic respiratory syndrome, in 2002 and 2012, respectively 

(Ahn et al., 2020) while SARS-CoV2 emerged in 2019, reaching pandemic proportion within a 

few months of its appearance. The reservoirs of CoVs are bats and the intermediate host has 

been identified for SARS and MERS in masked palm civet cats and camels, respectively; the 

intermediate host of SARS-CoV2 has not yet been identified, although pangolins and mink 

represent a possible candidates (J. Xu et al., 2020).  

The incubation time for SARS-CoV2 is between 4 to 14 days, and the clinical 

manifestations covers a wide spectrum, ranging from asymptomatic or slight forms to severe 

pneumonia, which can lead to acute respiratory distress syndrome (ARDS) and death (Jia et 

al., 2005). 

SARS-CoV2 infects human epithelial cells through its surface glycoprotein, named Spike, which 

binds the Angiotensin-Converting Enzyme 2 (ACE2) transmembrane protein (Spinelli et al., 

2020); ACE2 mediates the virus’s entry into the cells. Although ACE2 is expressed in vascular 

endothelia, renal and cardiovascular tissues, and epithelia of the small intestine and testes, 

the high expression in alveolar epithelial cells accounts for the specificity of the lung infection 
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and the respiratory symptoms (Jia et al., 2005). Recently, the modelling structure of SARS-

CoV-2 Spike predicts that this glycoprotein can also interact also with human dipeptidyl 

peptidase 4 (DPP4) (Bassendine et al., 2020). Spike proteins form homotrimers protruding 

from the viral surface, thus contacting host cells. Spike monomer comprises two domains, S1 

and S2: the first mediates receptor association and stabilisation, while the latter promotes 

membrane fusion (Perrotta et al., 2020).   

Physiologically, ACE2 provides a natural protection against acute lung injury exerting 

vasodilatory, anti-inflammatory and anti-fibrotic effects (Gaddam et al., 2014). During SARS-

CoV2 infection, the virus induces a down-expression of the ACE2 proteins as a consequence 

of the entry into the cells contributing to the onset of the respiratory syndrome (Cheng et al., 

2020). Virus replication itself causes an acute inflammatory response due to the activation of 

the innate immune system and the induction of cytokine expression by virus components such 

as the single-strand RNA. Accordingly, COVID-19 patients have high levels of circulating 

cytokines (tumor necrosis factor-alpha (TNF-α), interleukin (IL)-1β, IL-1Ra, sIL-2Rα, IL-6, IL-10, 

IL-17, IL-18, IFN-γ, MCP-3, M-CSF, MIP-1a, G-CSF, IP-10 and MCP-1), termed 

“hypercytokinemia”, which is directly correlated to disease severity (Wu et al., 2020); in the 

very severe cases such high levels of circulating cytokines are referred to as a “cytokine storm” 

(Jamilloux et al., 2020). Interestingly, also a clinical deterioration of the infection is also 

associated with a pronounced increase in the inflammatory state, possibly diagnosed through 

the detection of the “cytokine storm” (Jamilloux et al., 2020).  

 

Comorbidities in SARS-CoV2 infection  

Although highly infectious, SARS-CoV2 has a higher incidence among people of older age 

and/or with comorbidities. Literature data have shown that hypertension, type 2 diabetes, 

coronary heart disease, cerebrovascular disease and severe obesity increase morbidity and 

mortality in patients with COVID-19, though the prevalence rate varied in different studies as 

well as in country-specific data (Guan et al., 2020) (Wang et al., 2020) (Pecoraro et al., 2017) 

(B. Li et al., 2020). Singh (2020) reported a prevalence of hypertension, type 2 diabetes and 

cardiovascular disorders in 21%, 11% and 7% of patients, respectively (Singhal, 2020). 

Similarly, in a study involving 46,248 patients, Yang et al. described a prevalence of 

hypertension, type 2 diabetes and CVD in 17%, 8% and 5% of patients, respectively (J. Yang et 

al., 2020). The Epidemiology Working Group of the Chinese Center for Disease Control and 

Prevention investigated 20,982 patients affected by SARS-CoV2 and found that hypertension, 

type 2 diabetes and CVD were associated in 13%, 5% and 4% of patients, respectively (“[The 
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epidemiological characteristics of an outbreak of 2019 novel coronavirus  diseases (COVID-19) 

in China].,” 2020). An Italian study by Onder et al. found type 2 diabetes in 36% and CVD in 

43% of 355 Italian patients with SARS-CoV2 (Onder et al., 2020). Similar evidence of risk among 

persons with type 2 diabetes has been reported for the two earlier CoV infections, SARS in 

2002 and MERS in 2012 (J. K. Yang et al., 2006) (Yu et al., 2006). In addition, plasma glucose 

levels and type 2 diabetes are independent predictors for mortality and morbidity in patients 

with SARS. Even for H1N1, metabolic disorders have been associated with symptom severity 

and mortality (Papp et al., 2002) (Sun et al., 2016).  

Obesity has been added to the comorbidities able to exacerbate risk factors for poor outcome 

in corona virus disease 2019 (COVID-19) (Vaduganathan et al., 2020). As a matter of fact, the 

ACE2/RAS axis, activated in SARS-CoV2 lung infection, is also implicated in the 

pathophysiology of obesity; furthermore, ACE2 is not only highly expressed in adipocytes but 

its expression increases in adipocytes of obese and/or type 2 diabetic subjects (Kruglikov & 

Scherer, 2020). Such features could be the reason why seriously ill COVID-19 patients are 

often overweight or obese. Ryan and Caplice proposed a mechanism explaining how adipose 

tissue could act as a viral reservoir (Ryan & Caplice, 2020), able to support a sustained viral 

infection, as already proven for H5N1 virus infection: such a condition would occur in an 

already chronic low grade inflamed state, such as obesity, leading to a worse metabolic 

perturbation (Nishimura et al., 2000). Although it has not been described a direct SARS-CoV2 

infection of adipose tissue has not been described, ACE2-expressing adipocyte cells are 

reported to be the entry point for other viruses, such as H1N1, type A influenza, and SARS-

CoV, (Gu & Korteweg, 2007) (Maier et al., 2018), thus hypothetically allowing the spread of 

the viral infection to adjacent fat deposits in the heart, kidneys and intestines (Ryan & Caplice, 

2020).  

Several factors might link the presence of the above-mentioned metabolic diseases 

and worse SARS-CoV2 outcome; people suffering from metabolic disorders show a wide range 

of negative hallmarks, such as dysregulation of the glucose metabolism and immune system 

and increased inflammatory response that may contribute to worsening of the infection.  The 

“cytokine storm” that mediates inflammatory and immune responses in SARS-CoV2 (Grant et 

al., 2020), appears to be exacerbated in metabolic disorders, thus interfering with infection 

resolution and management. 

 

Immune and inflammatory response in COVID-19 infections 
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Innate immunity, the first-line host defence system, is able to recognise general patterns 

associated with viral, bacterial and fungal infections, thus eliminating pathogen-damaged cells 

(Amano et al., 2014). Specifically, after exposure to a pathogen, the cells that present antigens 

block its replication via the phagocytosis of infected host cells; in particular, the defence 

system acts through pattern recognition receptors (PPRs), such as Toll-like receptors (TLRs) 

and nucleotide-binding oligomerisation domain (NOD)-like receptors (NLRs), which bind the 

pathogen’s components (Amano et al., 2014). Moreover, the rapid activation of PPR signalling 

cascades leads to the release of different cytokines and chemokines, which initiate an 

inflammatory response. The innate immune system-driven inflammatory responses are 

associated with the signalling of TLR2 and TLR4, which are highly expressed in pancreatic cells: 

notably, these responses are able to exacerbate insulin resistance in type 2 diabetes (Chan et 

al., 2019). In pancreatic islets, in fact, the overproduction of inflammatory cytokines, such as 

IL-1β and TNF-α, and chemokines, such as CCL2, induces the cell dysfunctions underlying type 

2 diabetes (G. Chen et al., 2020) (N. Chen et al., 2020). 

In addition to their function in counteracting infections, components of innate 

immunity also play a key role in maintaining metabolic homeostasis, thus properly regulating 

the so-called immune metabolic interactions (N. Chen et al., 2020) (Chan et al., 2019). As a 

consequence, macrophages, the major innate immune cells, increase in type 2 diabetes and 

accumulate in adipose tissue during obesity (X. Chen et al., 2020) (Donath, Dinarello, et al., 

2019) (Drucker, 2020) (Dunachie & Chamnan, 2019). As mentioned above, type 2 diabetic 

subjects are at high risk for the COVID-19 infection, potentially complicated even more by a 

secondary bacterial infection. In general, diabetic subjects have a high susceptibility to human 

pathogen infections due to an impaired innate immune system, including neutrophil and 

monocyte dysfunctions (Guan & Zhong, 2020). The underlying mechanisms probably involve 

protein kinase C activation and TLR overexpression, with a consequent inhibition of the 

neutrophil function and decreased phagocytosis (S. Gupta et al., 2007). In addition, 

hyperglycaemia, which causes direct glycosylation of proteins, can alter the tertiary structure 

of complement inhibiting immunoglobulin-mediated opsonisation of bacteria and 

complement fixation to bacteria and decreasing phagocytosis (Murai et al., 2019).  

Nevertheless, type 2 diabetic subjects have a dysregulated inflammatory response 

characterised by infiltration and accumulation of neutrophils and monocytes in metabolic 

tissues. The diabetes-related inflammatory state reduces the innate immune response by 

blunting pro-inflammatory cytokine production upon macrophage activation (R. Gupta et al., 

2020) (Hill et al., 2018). Thus, type 2 diabetic subjects are more prone to bacterial infections 
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and other complications of COVID-19, including death (R. Gupta et al., 2020) (Lackey & Olefsky, 

2016) (Luzi & Radaelli, 2020) (Magee & Narayan, 2013) (Morgan et al., 2010) (Moser et al., 

2019). 

The chronic and low-grade inflammation determined by metabolic disorders causes an 

increase in levels of the same pro-inflammatory cytokines, such as IL-6, that are hallmarks of 

the cytokine storm in viral infections, such as SARS-CoV2 (Ruiz et al., 2018) (Taguchi & Mukai, 

2019) (Donath, Meier, et al., 2019). Haematological biomarkers related to the inflammatory 

state of COVID-19, such as IL-6, C-reactive protein (CRP), D-dimer and ferritin, are the main 

cytokines to be used as predictors of poor prognosis for SARS-CoV2. On top of that, during 

disease worsening, a further gradual increase of IL-6 has been observed, reaching extremely 

high levels in dead patients (Wu et al., 2020) (Ye et al., 2020) (Zheng et al., 2015).  

Based on these biochemical findings, COVID-19 patients with type 2 diabetes are more likely, 

as a result of immune dysfunction and altered inflammatory response, to have adverse clinical 

outcomes, including admission to an intensive care unit, need for mechanical ventilation and 

death. Strict glycaemic control is therefore crucial for limiting any risk of favouring viral 

infections, including SARS-CoV2 (Honce & Schultz-Cherry, 2019) (Jafar et al., 2016). With this 

aim in mind, regular PA is a strategy that is adaptable to anyone’s needs and capable of 

improving insulin sensibilisation as well as immune response in terms of macrophage 

activation (Rada et al., 2018).  

 

Immune and inflammatory response regulation through PA: possible links with COVID infection  

PA includes all activities performed daily, including work, transportation and structured 

exercise-training, such as playing ball-games, cycling, walking and other activities and, in 

association with equilibrated diet, represents the main component of a healthy lifestyle. To 

date, the effectiveness of performing a regular PA, including structured exercises and 

personalised training protocols, for all people is undisputed. Regular PA increases 

cardiorespiratory fitness, reduces the risk of cardiovascular mortality and improves 

psychosocial well-being (Sigal et al., 2006). Several studies, dealing with the association 

between exercise and inflammation, affirm that regular moderate PA (65-85%HRmax) 

(Hammami A, Harrabi B, Mohr M, 2020) has an anti-inflammatory effect counteracting 

metabolic disease, obesity increased inflammatory status as in ageing, CVD, etc. (Nicklas et al., 

2008) (Park et al., 2014) (Lancaster & Febbraio, 2014) (Allen et al., 2015) (Bente Klarlund 

Pedersen, 2017). In addition, there is growing evidence to suggest that the immune system 

responds to PA and that the corresponding adaptations depend on the intensity and duration 
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of the effort and the type of exercise (Nieman & Wentz, 2019) (Bermon et al., 2017). PA, 

performed regularly and at moderate intensity  (60 % VO2max/up to 60 minutes), stimulates 

the immune system by improving the function and antimicrobial action of tissue macrophages 

and promoting the activation and recirculation of key immune system factors, such as 

immunoglobulins, anti-inflammatory cytokines, neutrophils, NK cells, cytotoxic T cells and 

immature B cells. Over time, these favourable changes can improve immunosurveillance 

against infectious pathogens and protect or mitigate the symptoms of infectious diseases 

(Nieman & Wentz, 2019) (Davison et al., 2016) (Zheng et al., 2015); conversely, high-intensity 

training (>70-75% VO2max), competitive sport and related physiological, metabolic and 

psychological stress are strongly associated with temporary negative changes in the immune 

response, inflammation, oxidative stress and increased risk of disease (Laddu et al., 2020). 

The anti-inflammatory response induced by regular PA is mediated by the muscle endocrine 

function; indeed, during contraction, muscle-derived cytokines, named myokines, are 

released to regulate not just both muscle metabolism but also the functioning of distant 

organs and tissues (bones, adipose tissue, brain and liver) in a paracrine/endocrine fashion. In 

this scenario, patients with type 2 diabetes, who are often overweight/obese, benefit from PA 

through a rapid improvement in the immune response, and concurrently reduced morbidity 

and mortality, even without substantial weight loss. On the other hand, stressful exercise also 

stimulates the release of cortisol and catecholamines (epinephrine and noradrenaline) due to 

activation of the hypothalamic-pituitary-adrenal axis and the sympathetic nervous system 

(SNS). Both hormones act by reducing inflammatory cytokines (Prigent et al., 2004) (Kitamura 

et al., 2007), and, in particular, catecholamines (Uchida et al., 2014). 

PA elicits potent effects on the immune system by reducing the risk, duration and severity of 

different viral infections, presumably including COVID-19 (Zbinden-Foncea et al., 2020). In a 

recent study conducted in obese mice with H1N1 viral infection, the authors demonstrated 

that PA reversed the immune system alterations associated with obesity in the host's immune 

defence (Warren et al., 2015). These results suggested that exercise stimulates the impaired 

immune system response in obese mice, thus promoting  better recovery from viral infection 

(Luzi & Radaelli, 2020). The pattern of cytokines induced by moderate PA is typically anti-

inflammatory, with a marked increase in serum levels of several anti-inflammatory cytokines, 

such as IL-10, IL-1 receptor antagonist (IL-1ra), IL-37, a natural inhibitor of innate and acquired 

immunity, and IL-6 (Bente K Pedersen & Febbraio, 2008) (P. Fernandes et al., 2019) (Abbasi et 

al., 2014) (Nold et al., 2010). In particular, the production and release of significant amounts 

of IL-6 helps to suppress the secretion of pro-inflammatory cytokines in several tissues, thus 
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creating an anti-inflammatory environment for several hours after exercise. It is well known 

that IL-6 has both pro and anti-inflammatory actions. In the "classic" signalling, IL-6 stimulates 

target cells by the binding its receptor (IL-6R) and the gp130 protein, inducing anti-

inflammatory effects. However, very few cells express the membrane-bound IL-6R, whereas 

the majority of the cells presents only gp130, which is insensitive to IL-6 alone, but can interact 

with the soluble complex IL-6/IL-6R. This process, named “trans-signalling”, is responsible for 

the IL-6 pro-inflammatory response, observed in COVID-19 patients (Scheller et al., 2011). This 

process could explain, at least in part, the clinical efficacy of tocilizumab, the humanised 

monoclonal antibody that binds and neutralises both the soluble and the membrane-bound 

IL-6 receptor, in the treatment of several inflammatory diseases, including SARS-CoV2 (Radbel 

et al., 2020) (Hashizume et al., 2015). Hence, the anti-inflammatory effects of IL-6 induced by 

PA might interfere with the pro-inflammatory effects elicited by the virus. 

Another mechanism supporting the anti-inflammatory effects of PA could be the modulation 

of TLR expression on monocytes and macrophages (Rada et al., 2018) (Flynn & McFarlin, 

2006). In the past decade, the association between increased expression of TLRs, sedentary 

lifestyle, inflammation and disease has been consolidated. In vitro studies have shown that 

blood monocytes from physically active individuals exhibit a reduced inflammatory response 

after endotoxin stimulation, and reduced TLR4 expression both at mRNA and protein level, 

associated with a reduction in the production of inflammatory cytokines compared to inactive 

subjects (Lancaster et al., 2005) (Gleeson et al., 2011). Suppression or inactivation of TRL2 and 

TRL4 has been shown to reduce chronic inflammation in obese mice. The reduced expression 

of TLRs in adipose tissue, skeletal muscle and monocytes represents a molecular mechanism 

able to explain the anti-inflammatory response to both aerobic exercise and resistance 

training, especially in patients with low-grade chronic inflammation, such as obese and type 2 

diabetic subjects. (Nold et al., 2010) (Collao et al., 2020) (Rada et al., 2018). Similarly, high TLR 

activity in obese subjects and smokers has been linked to insulin resistance (Könner & Brüning, 

2011). McFarlin and colleagues also demonstrated, in physically active young and elderly 

subjects, a significant reduction in lipopolysaccharide-IL1β-stimulated IL6, TNF-α production, 

TLR4 expression and high-sensitive C-reactive Protein (hsCRP) compared to inactive 

participants (McFarlin et al., 2006). In addition, in obesity, PA is involved in the inhibition of 

inflammation through the reduction of immune cells infiltration into the adipose tissue. This 

mechanism involves the reduction of pro-inflammatory cytokines, as well as the reduction of 

plasma FFA levels, which suppresses TLR activation (Flynn & McFarlin, 2006) (Gleeson et al., 

2011) (Ringseis et al., 2015) (Rada et al., 2018). Conversely, lipopolysaccharide (LPS), the major 
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pathogenic components of the cell wall of Gram-negative bacteria, and probably of SARS-

CoV2, could bind to the TLR, triggering inflammation. This TLR-mediated intracellular pro-

inflammatory signalling involves several proteins able to stimulate caspase 1 and induce the 

activation of the inflammasomes and the transcription of pro-inflammatory genes through the 

nuclear factor-kappa B (NF-B) (Zbinden-Foncea et al., 2020).  

Other mechanisms that could account for the positive PA effect against inflammation linked 

to COVID-19 infection are mediated by activated mitogen protein kinase (AMPK). This fuel-

sensing enzyme, activated in contracting skeletal muscles, stimulates energy-generating 

pathways such as glucose uptake and fatty acid oxidation, and decreases energy-consuming 

processes such as protein and lipid synthesis (Richter & Ruderman, 2009). PA-mediated AMPK 

signalling accomplishes a dual purpose: it induces energy metabolism and can indirectly inhibit 

the inflammatory response induced by the NF-κB by means of several downstream targets of 

5' adenosine monophosphate-activated protein kinase (AMPK), including sirtuin 1 (SIRT1), 

peroxisome proliferator-activated receptor-gamma coactivator (PGC-1α), p53 and Forkhead 

box O (FoxO). This mechanism is linked to chronic stress, likewise occurring in metabolic 

syndrome as well as in type 2 diabetes and obesity (H.-W. Liu & Chang, 2018). 

Other studies have recently demonstrated that the phosphorylation of ACE2, the main 

receptor for many coronaviruses, (Yan et al., 2020) improves Ang1-7, via AMPK, in pulmonary 

endothelial cells, thus reducing pulmonary hypertension (Zhang et al., 2018); Prata and 

colleagues demonstrated that moderate PA, performed by mice with bleomycin-induced 

pulmonary fibrosis, increased Ang1-7 via ACE2 in lung lesions, making these mice less 

susceptible to the disease (Prata et al., 2017). Figure 1 summarises the above-mentioned PA-

mediated molecular mechanisms, which could help active subjects to counteract the current 

SARS-CoV2 infection. 

The anti-inflammatory effects of regular PA on adipose tissue can be summarised in some 

fundamental mechanisms (Bente K Pedersen & Febbraio, 2008)(Mathur & Pedersen, 

2008)(Flynn & McFarlin, 2006). The first mechanism can be ascribed to the reduction of 

visceral fat mass. Improvement in body composition results in decreased circulating levels of 

pro-inflammatory adipokines, such as TNF, retinol binding protein 4 and leptin, and in 

increased anti-inflammatory cytokines, such as adiponectin (Mujumdar et al., 2011) (Ben 

Ounis et al., 2009) (Lim et al., 2008) (Metsios et al., 2020) (Nigro et al., 2014) (Orrù et al., 2017). 

Furthermore, reduction in adipose tissue is considered one of the main factors that can 

attenuate inflammation following regular exercise over the time. In fact, the adipose tissue 

acts as an endocrine organ, secreting many adipokines that coordinate/regulate multiple 
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physiological functions in a variety of tissues (Nigro et al., 2014) (Desruisseaux et al., 2007). 

The cellular composition of adipose tissue is heterogeneous and also includes also perycytes, 

monocytes and macrophages, thus highlighting an involvement of adipose tissue in the host 

immune response in an endocrine and/or paracrine fashion. In obese subjects, adipose tissue 

is responsible for the increase in pro-inflammatory factors; in particular, IL-6 and TNFα, 

deriving from macrophages present in adipose tissue, are higher in overweight/obese subjects 

compared to normal-weight subjects, and the activation of inflammatory processes occurs 

when the expansion of adipose tissue begins (Saltiel & Olefsky, 2017). In line with this, PA has 

been shown to significantly reduce fatty tissue compared to a low-calorie diet alone 

(Verheggen et al., 2016). Besides IL-6 and TNFα secretion, it should be noted that the obese 

state is characterised by an increase in macrophages in adipose tissue and of production of 

their corresponding cytokines and chemokines (IL-1b, IL-8, MCP-1 and IL-18) (Weisberg et al., 

2003)(H. Xu et al., 2003), as well as by a rise in leptin and a reduction in adiponectin (Corbi et 

al., 2019). Moreover, several TLRs are expressed in adipocytes, and their response to 

eso/endotoxins induces high levels of pro-inflammatory cytokines, sometimes displaying a 

higher sensitivity than what observed in macrophages (Desruisseaux et al., 2007). The strong 

interplay between adipose tissue, immune system and inflammatory cytokines profoundly 

affects not only adipose tissue metabolism and endocrine function, but also non-adipose 

tissues. The power of this network also indicates that adipose tissue-derived cytokines could 

be instrumental in defending the host when facing an immune challenge, such as SARS-CoV2 

(Al., 2020). An example is offered by PPARγ agonists, which are promising candidates for 

improving the clinical outcome of several viral diseases (Ciavarella et al., 2020). 

In support of the anti-inflammatory effects of PA in the general population, exercise-induced 

IL-6 production has been shown to be regulated by an interaction between two pathways: 

that of activated nuclear T cell factor (NFAT) and that of mitogenic protein kinase activated by 

glycogen-p38 (MAPK) (Muñoz-Cánoves et al., 2013), without an increase in TNF or NF-kB, 

usually elevated during prolonged inflammatory responses (Bente K Pedersen & Febbraio, 

2008) (Bente Klarlund Pedersen, 2017). Similarly, in healthy exercising individuals there is a 

decrease in the pro-inflammatory macrophages of subtype 1 (M1) present in the muscles and 

an increase in the anti-inflammatory macrophages of subtype 2 (M2). PGC1α, which increases 

rapidly after one bout of exercise, has also been shown to generate polarisation of 

macrophages from M1 pro-inflammatory to M2 anti-inflammatory (Dinulovic et al., 2016). 

Moreover, it is also able to suppress the expression of inflammatory cytokines and increase 

the expression of anti-inflammatory cytokines (Eisele et al., 2015). Figure 2 shows the 
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inflammatory and immune events regulated by PA, with the release of cytokines and 

activation of elements of innate and adaptive immunity in muscle and adipose tissue. 

Although further studies are needed, we can assume that good cardiorespiratory fitness, 

together with ameliorated exercise-induced immunosurveillance, counteracts, through the 

described molecular mechanisms, the amplified adverse effects observed in patients with 

COVID-19 infection. 

 

Vitamin D supplementation and the risk of COVID-19 

The role and metabolism of Vitamin D role in humans is well established (Holick, 2007). Known 

as the “sunshine vitamin”, vitamin D is activated in the skin through the action of UVB 

radiation, then it is converted to 25(OH)D(calcidiol), in the liver, while the biologically active 

metabolite, 1,25(OH)2D (calcitriol), is produced principally in the kidneys and, to a lesser 

extent, in other organs.  Calcitriol is able to enter the cell nucleus by activating its receptor, a 

DNA binding protein responsible for chromatin remodeling, modulating its target genes 

expression (Pike & Christakos, 2017).  

Researchers’ interest in vitamin D has been enhanced by recent advances related to its 

biology, as it plays an important role, far beyond calcium metabolism, as a key regulator of 

the immune system, able to reduce the risk of microbial infections (Hewison, 2012). In a recent 

review, the mechanisms of vitamin D on immune system were classified into three main 

categories: i) action on physical barriers (vitamin D helps maintain tight junctions, gap 

junctions, and adherent junctions, by cadherin expression induction), ii) regulation of cellular 

natural immunity (vitamin D induces antimicrobial peptides and modulates cytokines activity 

and production), and iii) adaptive immunity enhancement (vitamin D suppresses responses 

mediated by the T helper type 1 cell, induces differentiation of macrophages and modulates 

inflammation promoting cytokine production by the T helper type 2 cells) (Rondanelli et al., 

2018).  

The hypothesis for supplementing Vitamin D to enhance immunity, was proposed in 

relationship to COVID-19 disease (Misra et al., 2020) (J. Liu et al., 2020), because the severity 

of the infection is associated to aged patients and serum 25(OH)D concentrations tend to 

decrease with age (Vásárhelyi et al., 2011). Serum vitamin D levels may be important for 

evaluating COVID-19 case-fatality rates (CFRs) which result to be increased with age (“[The 

epidemiological characteristics of an outbreak of 2019 novel coronavirus  diseases (COVID-19) 

in China].,” 2020). Vitamin D deficiency is therefore a risk factor for and/or a driver of the 

exaggerated and persistent inflammation that is a hallmark of ARDS (Dancer et al., 2015) and 
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its deficiency increases the risk for respiratory infections in both children and adults. 

Consistent with these findings, several recent meta-analyses assert that vitamin D 

supplementation may reduce the risk of respiratory tract infections. Accordingly, people at 

risk of influenza and/or COVID-19 might consider taking 10,000 IU/d of vitamin D3 for a few 

weeks to rapidly raise 25(OH)D concentrations, followed by 5000 IU/d, with the goal of raising 

25(OH)D concentrations above 40 ng/mL (100-150 nmol/L); higher vitamin D3 doses might be 

useful for already infected subjects (Grant et al., 2020).  

Indeed, there are certain factors possibly determining a vitamin D deficiency that, in turn, may 

increase susceptibility to SARS-CoV2 infection and poor prognosis: age, low exposure to sun, 

and physical inactivity. In the elderly, the progressive decrease of serum vitamin D levels may 

be a result of lower exposure time to the sun. In addition, several studies have highlighted 

that, during the winter months, at latitudes of >40°, little or no effective UVB radiation reaches 

the surface of the earth to activate vitamin D production. Living at high latitude therefore 

increases the risk of vitamin D deficiency during the winter (Leary et al., 2017). Factors like age 

and skin pigmentation features may partly explain the spread and severity of COVID-19 

disease in northern countries (Garg et al., 2020) and in the Chinese population (Herold et al., 

2020).  

PA is also related to vitamin D status. Outdoor activities allow the synthesis of the vitamin D, 

thanks to the exposure to solar light (M. R. Fernandes & Barreto, 2017). However, recent 

studies have demonstrated that PA and exercise directly correlate with vitamin D levels 

regardless of outdoor practice, suggesting that the concentration of vitamin D is not only 

attributed to high sun exposure (van den Heuvel et al., 2013). On the other hand, poor levels 

of PA and fitness and obesity, two strictly interconnected conditions, are negatively correlated 

to plasma vitamin D levels (Brock et al., 2010). Table 1 reports the main literature data of the 

last seven years concerning the correlation between PA, fitness and serum vitamin D (Wanner 

et al., 2015) (Touvier et al., 2015) (Scott et al., 2015) (Pagels et al., 2016)(Valtueña et al., 2014) 

(Orces, 2019) (van den Heuvel et al., 2013) (Hossain et al., 2018).  

Up to now, studies on serum level of vitamin D serum levels in severe COVID-19 patients are 

lacking. A simple comparison of vitamin D levels between survivors and confirmed fatalities, 

taking into account other factors such as age, pre-existing morbidities and cigarette smoking 

history, should be performed in a retrospective manner, in order to clarify the link between 

vitamin D serum levels and severity of COVID-19 disease. Randomised controlled trials in a 

large population should be conducted to evaluate the efficacy of a supplementation. Finally, 

lifestyle behaviour including outdoor physical activities should be promoted to achieve 
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adequate levels of vitamin D activation, sufficient protection against infections such as COVID-

19 and a healthy status in all ages. 

 

Authors Year  Main findings 

Valtueña et al. 2014 Outdoor physical training is associated with increased plasma 

concentration of vitamin D in athletes 

Pagels et al.  2016 Exposure to the sun contributes to the synthesis of vitamin D 

Orces et al.  2019 Physical activity is effective for modulating vitamin D only in the 

elderly 

Hossai et al. 2018 Physical activity is effective for modulating vitamin D in children 

and adolescents 

Scott et al.  2015 Indoors exercise results in increased levels of vitamin D 

Touvier et al. 

Warnet et al. 

2015 Exercise results in increased levels of vitamin D, regardless of 

whether it is performed outdoors or indoors  

Van den Heuvel et al. 2013 Exercise results in increased levels of vitamin D, with the highest 

effects mediated by high-intensity training 

 

Table 1. Summary of studies related to outdoor and indoor physical activity and vitamin D synthesis 

 

 

Conclusions  

Metabolic disorders such as obesity, and type 2 diabetes negatively impact on susceptibility 

to infections. Active lifestyle represents the first line of defense against metabolic disorders 

and positively modulates the inflammation status. As we wait for an anti-COVID-19 vaccine or 

the most promising treatment for the new CoV, experimental evidence suggests that mild-to-

moderate PA could be a preventive strategy for positively modulating immune response, thus 

reducing comorbidities in COVID-19 infection.  At a time of pandemic infection due to SARS-

CoV2 infection, it is essential to persuade people to keep active in line with national 

recommendations in order to counteract metabolic-related disorders and reduce the impact 

on inflammatory status.  
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Figure legends 

Fig. 1:  Physical activity and anti-inflammatory response in COVID infection. Regular physical 

activity may reduce the acute inflammatory response through at least three mechanisms: 1. 

by reducing the inflammatory signalling pathway mediated by TLRs; 2. by increasing the anti-

inflammatory cytokines such as IL-10 and IL-37, which could inhibit the TLR-inflammatory 

signalling cascade and mitigate the inflammatory action produced by the inflammasome; 3. 

by reducing the lung inflammation through the activation of AMPK and promoting the 

conversion from Ang II to Ang 1-7. 

 

Fig.2: Physical activity and anti-inflammatory response in muscle and adipose tissue. 

Physical activity induces an anti-inflammatory response in muscle and adipose tissue through 

the involvement of cells (e.g. macrophages), cytokines (e.g. interleukins (ILs)) and adipokines 

(e.g. adiponectin). 
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