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A B S T R A C T   

The coronavirus disease 2019 (COVID-19) is a new infectious respiratory disease, which has caused a pandemic 
that has become the world's leading public health emergency, threatening people of all ages worldwide, espe-
cially the elderly. Complications of COVID-19 are closely related to an upregulation of the inflammatory response 
revealed by the pro-inflammatory profile of plasma cytokines (to the point of causing a cytokine storm), which is 
also a contributing cause of the associated coagulation disorders with venous and arterial thromboembolisms, 
causing multiple organ dysfunction and failure. In severe fulminant cases of COVID-19, there is an activation of 
coagulation and consumption of clotting factors leading to a deadly disseminated intravascular coagulation 
(DIC). It is well established that human immune response changes with age, and also that the pro-inflammatory 
profile of plasma cytokines is upregulated in both healthy and diseased elderly people. In fact, normal aging is 
known to be associated with a subclinical, sterile, low-grade, systemic pro-inflammatory state linked to the 
chronic activation of the innate immune system, a phenomenon known as “inflammaging”. Inflammaging may 
play a role as a condition contributing to the co-occurrence of the severe hyper-inflammatory state (cytokine 
storm) during COVID-19, and also in other severe infections (sepsis) in older people. Moreover, we must consider 
the impact of inflammation on coagulation due to the crosstalk between inflammation and coagulation. The 
systemic inflammatory state and coagulation disorders are closely related, a phenomenon that here we call 
“coagul-aging” (Giunta S.). In this review, we discuss the various degrees of inflammation in older adults after 
being infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and the adverse effects of 
aging on the inflammatory response and coagulation system. 

It is important to note that although there is no gender difference in susceptibility to COVID-19 infection, 
however, due to differences in angiotensin-converting enzyme 2 (ACE2) expression, innate immunity, and 
comorbidities, older men exhibit more severe disease and higher mortality than older women. 

There are currently no FDA-approved specific antiviral drugs that can be used against the virus. Therapies used 
in patients with COVID-19 consist of remdesivir, dexamethasone, low-molecular-weight heparin, in addition to 
monoclonal antibodies against the spike protein of SARS-CoV-2 in the early phase of the disease. Future phar-
macological research should also consider targeting the possible role of the underlying scenario of inflammaging 
in healthy older people to prevent or mitigate disease complications. It is worth mentioning that some specific 
cytokine antagonists and traditional Chinese medicine preparations can reduce the elderly's inflammatory state.   

1. Introduction 

COVID-19 is a new infectious respiratory disease caused by SARS- 

CoV-2, a highly contagious and life-threatening disease (Gorbalenya 
et al., 2020; Ludwig and Zarbock, 2020). The virus enters human cells by 
binding to the receptor angiotensin-converting enzyme 2 (ACE2) 
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(Hoffmann et al., 2020; Letko et al., 2020). This virus threatens people of 
all ages worldwide, especially the elderly. Although there is no signifi-
cant difference in the risk of infection among the various age groups (Bi 
et al., 2020), older people, the most vulnerable population, appear to be 
particularly susceptible to COVID-19 and at higher risk of disease 
severity, complications, and mortality, especially older males with 
preexisting comorbidities (Gao et al., 2020; AlGhatrif et al., 2020; Wang 
et al., 2020; Dang et al., 2020). 

For example, in China, the case-fatality rate (CFR) was 2.3% in the 
early 44,672 confirmed cases, but the CFR was 8.0% in people aged 70 
to 79 years and 14.8% in people over 80 years (Wu and McGoogan, 
2020). In the United Kingdom, most patients hospitalized due to the 
SARS-CoV-2 infection were elderly ≥60 years old, accounting for 72.7% 
of the total hospitalizations. Compared with the age group of <50 years, 
the hazard ratio of death in the 70–79 years group was 8.51 (95% 
confidence interval 6.85 to 10.57), and that in the group ≥80 years was 
11.09 (95% confidence interval 8.93 to 13.77) (Docherty et al., 2020). In 
Italy, the deaths were mainly elderly people. Elderly patients over 80 
years old accounted for 52.3% of the total deaths, and the CFR was 
20.2% (Onder et al., 2020). According to the estimates of O'Driscoll 
et al., the average increase in infection fatality ratio (IFR) is 0.59% (95% 
confidence interval 0.51% to 0.68%) for every five years of age increase 
(O'Driscoll et al., 2021). Especially elderly men, they have a higher rate 
of severity and mortality compared to women of the same age (Jin et al., 
2020; Yanez et al., 2020; Pérez-López et al., 2020; Borges do Nascimento 
et al., 2020). For those over 80 years old, the overall IFR estimate is 
approximately 5.76% for women, while it is as high as 10.83% for men 
(O'Driscoll et al., 2021). Race is another critical factor affecting the 
prognosis of the elderly. In the United States, African Americans, 
American Indians, Hispanics/Latinos have higher rates of hospitaliza-
tion and mortality relative to non-Hispanic whites. This may be related 
to the socio-economic status and the underlying diseases of these older 
people (Wilder, 2021; Garg et al., 2020). 

2. Inflammaging and COVID-19 

2.1. The pro-inflammatory cytokines characteristic of inflammaging are 
also involved in the severe hyper-inflammatory state of COVID-19 

The human immune response changes with age, and the pro- 
inflammatory profile of cytokines is known to be upregulated in both 
healthy and diseased elderly. Indeed aging is known to be linked to a 
subclinical low-grade systemic pro-inflammatory state, known as 
“inflammaging” (Franceschi et al., 2000). The human innate immune 
system triggers inflammaging, which is recently believed that the phe-
nomenon also includes non-immune cells, such as endothelial, adipo-
cytes, and other senescent cells. Besides, inflammaging is in the absence 
of infection (“sterile” inflammation) and is one of the main “hallmarks of 
aging” (Franceschi et al., 2000; Giunta, 2006; Giunta, 2008; Dewan 
et al., 2012; Xia et al., 2016), relating to the increase in plasma levels of 
some cytokines, particularly of interleukin 6 (IL-6), tumor necrosis 
factor-alpha (TNF-α), interleukin 1 beta (IL-1β) and other pro- 
inflammatory mediators (Franceschi and Campisi, 2014; Salminen 
et al., 2008; Ferrucci et al., 1999; Fabbri et al., 2015; Maggio et al., 
2006). IL-6 has been defined by Ershler “A Cytokine for Gerontologists” 
(Maggio et al., 2006) as one of the major signaling pathways implicated 
in senescence, and its plasma levels are elevated with increasing age 
(Bhandage et al., 2019). Increased plasma levels of IL-6 in the elderly 
have been demonstrated to constitute a crucial risk factor and predictor 
of frailty, comorbidity/multimorbidity, and mortality (Franceschi and 
Campisi, 2014; Ferrucci et al., 1999; Fabbri et al., 2015; Maggio et al., 
2006; Ma et al., 2018). Through binding with the transmembrane IL-6 
receptor (mIL-6R) or soluble IL-6 receptor (sIL-6R), and the signal 
transduction subunit gp130, IL-6 activates the downstream JAK/STAT3 
and many other signal pathways to contribute to the occurrence of 
inflammation (Uciechowski and Dempke, 2020). In particular, for what 

is concerned with pulmonary inflammaging, IL-6 strengthens the 
secretion of monocyte chemoattractant protein (MCP-1) by monocyte 
and monocytes' differentiation into macrophages, which aggravates the 
pulmonary inflammation and injury (Yu et al., 2002). 

Another cytokine closely related to inflammaging is TNF-α (Desdin- 
Mico et al., 2020; Fabbri et al., 2015; Franceschi et al., 2000; Franceschi 
et al., 2018; Michaud et al., 2013). TNF-α can induce senescence and is 
involved in age-associated comorbidity, frailty, sarcopenia, insulin 
resistance, dementia, and other aging-related diseases (Krabbe et al., 
2004; Magalhaes et al., 2018; Michaud et al., 2013; Paolisso et al., 
1998). The primary receptor of TNF-α is tumor necrosis factor receptor 1 
(TNFR1), which is expressed on almost all cell types so that TNF-α can 
widely participate in the occurrence of inflammation in the body 
(Aggarwal, 2003). 

2.2. Cytokine storm is the major cause of poor prognosis in elderly 
COVID-19 patients 

Older people with COVID-19 infection often suffer a severe form of 
interstitial pneumonia accompanied to an excessive human immune 
response with a hyper-inflammatory condition characterized by the in-
crease of many plasma cytokines, including IL-6, interleukin 8 (IL-8), 
interferon (IFN), and tumor necrosis factor levels increase, particularly 
of IL-6 (the so-called “cytokine storm”), a condition associated with 
acute respiratory distress syndrome (ARDS) and acute respiratory failure 
(Channappanavar and Perlman, 2017). Therefore, dramatic forms of this 
pro-inflammatory condition are the predominant pathophysiologic 
features of COVID-19 and are more common in the elderly (AlGhatrif 
et al., 2020; Rossotti et al., 2020; Li et al., 2020b). 

What drives such intense hyper-inflammation in COVID-19 is not yet 
known; however, the upregulation of IL-6 seems the pivotal pro- 
inflammatory function is contributing to COVID-19 severity. A meta- 
analysis of 1426 patients from nine studies illustrated that elevated 
serum IL-6 on hospital admission was connected with increased mor-
tality, and could serve as a good indicator of the severity of COVID-19 
(Aziz et al., 2020). If using the circulating IL-6 level to distinguish 
whether the patient can survive, the best area under the curve (AUC) is 
0.901 (95% confidence interval 0.860 to 0.942) (Aziz et al., 2020). The 
preliminary positive results obtained in COVID-19 infection with toci-
lizumab therapy, a recombinant humanized monoclonal antibody 
against both the sIL-6R and the mIL-6R, confirms the critical role of IL-6 
in SARS-CoV-2 infection in a way (Rossotti et al., 2020). 

TNF-α is another important cytokine participating in the cytokine 
storm. Fever and malaise are common symptoms caused by elevated 
plasma TNF-α in COVID-19 patients. Compared with mild cases, severe 
cases have higher TNF-α levels (Huang et al., 2020; Chen et al., 2020; 
Shimabukuro-Vornhagen et al., 2018). 

More importantly, TNF-α also participates in inflammaging; in SARS- 
CoV-2 infection, it induces T cell apoptosis through the TNFR1 receptor 
on T lymphocytes (Gupta et al., 2005), which leads to lower T cells 
(including CD4+ and CD8+ cells) in severe COVID-19 patients, as well 
as the ability of cell clearance in patients (Diao et al., 2020; Zheng et al., 
2020). In addition, TNF-α can promote the production of IL-6, which 
constitutes an integral part of the cytokine storm (Uciechowski and 
Dempke, 2020). 

There are differences in the severity of cytokine storms in older 
adults of different genders. Estrogen is protective for older women. It 
can inhibit TNF release in women, and this effect is seen even for 
postmenopausal women (Straub, 2007). In addition, the level of ACE2 in 
the lungs of men is higher than that of women (Wei et al., 2020). Elderly 
men have higher levels of TNF-α, IL-8, high-sensitivity C-reactive pro-
tein (hsCRP) and ferritin, and lower levels of lymphocytes (Qin et al., 
2020; Takahashi et al., 2020), suggesting elderly males are prone to 
cytokine storm, so the severity and mortality rates of elderly male pa-
tients are higher than female patients. 

Herein, we suggest that the preexisting upregulation of cytokine 
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expression of inflammaging may trigger, and also support, the excessive 
hyper-inflammatory state in older people. Indeed, the superimposed 
SARS-CoV-2 infection in older adults may acutely exaggerate the 
already present pro-inflammatory background of inflammaging, pre-
disposing older people to greater COVID-19 disease severity and mor-
tality. The co-occurrence of the COVID-19 infection, constituting a 
second-hit to the preexisting pro-inflammatory condition of inflam-
maging, leading to a dysregulation of inflammation, which becomes 
harmful, reaching a severe pathological threshold (Fig. 1). 

Very recently, Eshak N. et al. (Eshak et al., 2020) and Bonafè M. et al. 
(Bonafè et al., 2020) suggested that some characteristics of inflam-
maging may lead to excessive SARS-CoV-2 mortality by Covid-19. 

3. Excessive inflammation leads to abnormal coagulation 

We must also consider the impact of a pro-inflammatory state on 
coagulation because of the crosstalk between inflammation and coagu-
lation (Kale and Yende, 2011). It is well established that the systemic 
inflammatory state of elderly people and coagulation disorder are 
closely linked, a phenomenon which here we refer to as “coagul-aging” 
(Giunta S.). Physiological aging is associated with increased plasma 
levels of many proteins of blood coagulation together with fibrinolysis 
impairment; this may be of great concern in view of the known associ-
ation between vascular and thromboembolic diseases and aging (Mari 
et al., 2008), a condition which, here we suggest, may also contribute to 
the co-occurrence of the high incidence of coagulopathy in older COVID- 
19 patients. 

Elderly male patients with COVID-19 are more susceptible than fe-
males to severe cytokine storms, leading them to be more prone to 
coagulation abnormalities (Wang et al., 2020; Yang et al., 2020). Lab-
oratory tests also indicate that they have longer prothrombin time (PT) 

and higher fibrinogen than females (Shi et al., 2021; Ten-Caten et al., 
2021). The higher incidence of coagulation abnormalities is another 
crucial reason for the high mortality rate in elderly male patients. 

Therefore, the elderly population is more susceptible to the devel-
opment of both a hyper-inflammatory state “cytokine storm” and of 
severe coagulopathy, including thromboembolism, when suffering from 
COVID-19 (Danzi et al., 2020; Grasselli et al., 2020; Lei et al., 2020), and 
DIC (Tang et al., 2020b). 

Indeed, it is now established that the risk of thrombosis increases, 
particularly in older patients during the COVID-19 (Ackermann et al., 
2020; Bikdeli et al., 2020). For instance, Llitjos and colleagues (Llitjos 
et al., 2020) reported that 26 critically patients with an average age of 
68 years who were treated in the ICU, and requiring mechanical venti-
lation, 6 of them (23%), developed pulmonary embolism even though 
they underwent prophylactic or therapeutic anticoagulation. Therefore, 
a high incidence of thrombotic complications in patients with COVID-19 
sometimes occurs even when thromboprophylaxis was administered. 

Most elderly patients with COVID-19 have higher levels of fibrinogen 
and D-dimer (Llitjos et al., 2020; Xiong et al., 2020). Both D-dimer and 
fibrin degradation product (FDP) were significantly higher in death 
cases than in survivors, and PT and activated partial thromboplastin 
time (APTT) were longer in dead patients (Sun et al., 2020; Tang et al., 
2020b). It is now well established that elderly patients with COVID-19, 
especially in more severe cases, have a hypercoagulable state and an 
increased tendency to thrombosis and thromboembolism. The causes are 
several, starting from the aging-associated procoagulative-state (coagul- 
aging), and, subsequently to SARS-CoV-2 infection, the development of 
a hyper-inflammatory state with cytokine storm, activation of platelets, 
endothelial dysfunction, and fibrinolytic dysfunction. 

First of all, after a cytokine storm occurs in these patients, high 
concentrations of plasma IL-6 contributes to the activation of 

Fig. 1. Different responses of young and old COVID-19 patients. Relative to young patients, IL-6, TNF-α, and other pro-inflammatory cytokines are enormously 
increased in older patients; the number of CD4+, CD8+ lymphocytes is decreased, the viral clearance ability is reduced, and the coagulation function is abnormal in 
elderly patients. 
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coagulation and the formation of clotting obstacles through multiple 
pathways, such as stimulating the liver to synthesize more fibrinogen, 
upregulating vascular endothelial growth factor affecting vascular wall 
homeostasis. IL-6 can also promote monocytes to express more tissue 
factor and activate the extrinsic coagulation system. The upregulation of 
thrombin, in turn, induces vascular endothelial cells to produce more IL- 
6, forming a vicious circle (Tanaka et al., 2016). In addition, elevated 
TNF-α levels can increase the mass and dysfunction of mitochondria in 
platelets. High levels of TNF-α induce increased platelet activity and 
enhance platelet procoagulant ability (Davizon-Castillo et al., 2019). 

The second reason is that platelets are over-activated, and more 
platelet-monocyte aggregates are formed in severe COVID-19 patients 
(Mahévas et al., 2020). In comparison with non-infected controls, 
asymptomatic or mild cases, P-selectin (CD62P) and CD63 on platelets 
of severe patients are overexpressed, with the increase of plasma 
Thromboxane B2 (TXB2), that may cause platelet hyper-activation, 
inducing monocytes to form more platelet-monocyte aggregates and 
monocytes to express more tissue factor (Hottz et al., 2020). The 
excessive activation of platelets and monocytes may exacerbate the 
tendency to develop thrombosis in critically ill patients. 

ACE2 is expressed in vascular endothelial cells, and it has been re-
ported that SARS-CoV-2 can also infect endothelial cells through it 
(Hamming et al., 2004; Hoffmann et al., 2020). Endothelial cells are 
subjected to viral invasion as well as immune-mediated damage, leading 
to endothelial dysfunction (Varga et al., 2020). Endothelial dysfunction 
is a characteristic of age-associated diseases such as stroke, cardiovas-
cular diseases, and diabetes (Rajendran et al., 2013). Therefore, endo-
thelial dysfunction can aggravate hypercoagulability and promote 
thrombosis in the elderly (Sepulveda et al., 2017). The SARS-CoV-2 
capacity to directly infect vascular endothelial cells is the key to the 
high incidence of thrombosis in elderly COVID-19 patients. 

Moreover, the expression of plasminogen activator inhibitor-1 (PAI- 
1) is upgraded in patients with COVID-19 (Tang et al., 2020a), especially 
in older individuals (Vaughan et al., 2017). PAI-1 inhibits the fibrino-
lytic system by inactivating tissue-type plasminogen activator (t-PA) 
(Tucker and Idell, 2013). Wright and colleagues (Wright et al., 2020) 
analyzed thromboelastography (TEG) in 44 patients with COVID-19, a 
complete lack of lysis of clot in 30 min (LY30) occurred in 25 (57%) 
patients, which suggested the presence of fibrinolysis shutdown. 
Although the increase in D-dimer concentrations in severe COVID-19 
cases suggests an over-activation of the fibrinolytic system, this 

activity proves inadequate in relation to the rate of thrombosis. This 
relatively low fibrinolytic activity, associated with the state of hyper-
coagulability, increases the risk of thrombotic events in individuals 
infected with SARS-CoV-2 (Fig. 2). 

Intravenous injection of t-PA was effective in severe patients, which 
could increase the pressure of oxygen/FiO2 (P/F) ratio and reduce 
mortality (Choudhury et al., 2020; Wang et al., 2020a); atomization 
inhalation of plasminogen could effectively treat fibrin deposition in the 
lung and hypoxemia during COVID-19 (Wu et al., 2020b). These find-
ings suggest, in another way, that patients with COVID-19 have relative 
insufficiency of fibrinolytic activity. 

4. How to help elderly COVID-19 patients 

The study of the mechanisms by which elderly patients are prone to 
severe diseases and high mortality may help us improve the treatment 
for elderly COVID-19 and take targeted interventions to reduce their 
severity and mortality. One target is concerned with the “cytokine 
storm” that occurs because of the intense release of pro-inflammatory 
factors in seriously elderly patients with COVID-19. So inhibiting or 
limiting this hyper-inflammatory is a vital aspect of treatment. 

Glucocorticoids (GCs) are a class of classic immunomodulatory 
drugs. They were widely used during the SARS epidemic in 2003, but 
their efficacy was controversial except for dexamethasone (Auyeung 
et al., 2005; Chen et al., 2006; Ho et al., 2003; Yam et al., 2007). GCs 
have a wide range of effects. They combine with intracellular GC re-
ceptor to form complexes, acting on the nucleus, inhibiting the expres-
sion of IL-1, IL-6, TNF-α, and other pro-inflammatory cytokines, and also 
the lymphocyte proliferation and monocytes-macrophages recruitment; 
in addition, they can inhibit the production of prostaglandins, leuko-
trienes and platelet activating factor through non-genomic mechanism; 
they also reduce the complement levels (Ericson-Neilsen and Kaye, 
2014; Liu et al., 2013; Streeten, 1975). Using dexamethasone can 
improve patients' P/F ratio, shorten hospitalization length (Wang et al., 
2020d), and decrease the mortality risk of death in patients with ARDS 
(Wu et al., 2020a). However, considering that GCs can inhibit B and T 
lymphocytes' activity, they may impair the body's capability of viral 
clearance; therefore, they should be used with caution (Solinas et al., 
2020). 

Unlike GCs, IL-6 blockers and TNF-α antagonists are more specific 
drugs. The use of IL-6 blockers (including tocilizumab, sarilumab, and 

Fig. 2. Main mechanisms and effects of cytokine storm and coagulation abnormalities in elderly COVID-19 patients.  
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siltuximab) seems a potentially important resource for some patients 
with high IL-6 status (Atal and Fatima, 2020; Palanques-Pastor et al., 
2020). Furthermore, clinical research on tocilizumab has shown that 
patients can benefit from it (Eimer et al., 2020; Moreno-Perez et al., 
2020; Patel et al., 2020; Rossotti et al., 2020). For instance, an Italian 
research involving 222 COVID-19 hospitalized patients showed that 
patients using tocilizumab had significantly better overall survival than 
the control group, with a Hazard Ratio (HR) of 0.50 (95% confidence 
interval 0.26 to 0.95). Some other clinical trials have shown that toci-
lizumab reduces COVID-19 mortality, the use of mechanical ventilation, 
and increase discharge rates (Eimer et al., 2020; Moreno-Perez et al., 
2020; Patel et al., 2020). However, further researches with tocilizumab 
are needed. 

Considering that TNF-α is also a component of the “cytokine storm” 
in infected people, TNF-α antagonists such as infliximab and adalimu-
mab are also potential therapeutic drugs (Duret et al., 2020; Feldmann 
et al., 2020). Previous research indicated anti-TNF therapy could 
improve mice's resistance to influenza virus and respiratory syncytial 
virus (Hussell et al., 2001); the therapeutic efficacy of TNF-α antagonists 
on COVID-19 needs further clinical research. 

Moreover, for the incidence of COVID-19 coagulopathy in elderly 
patients because of the cytokine storm and other causes of coagulopathy, 
using the Caprini model, the Padua model, and the IMPROVE model, 
and others can be considered for the assessment first. Treatment mea-
sures may include low-molecular-weight heparin anticoagulant, and, 
when necessary, targeted use of t-PA or plasminogen can also help to 
ameliorate the condition of patients (Choudhury et al., 2020; Wang 
et al., 2020b; Wu et al., 2020b). 

Where modernity meets tradition: targeting Inflammatory 
states by Traditional Chinese Medicine (TCM). 

Because some TCM preparations have immune regulation, anti- 
inflammatory, and antiviral effects, the therapeutic effect on COVID- 
19 has attracted an increasing amount of attention, especially Lian-
huaqingwen (LH) capsules and Xuebijing Injection (Lu, 2020; Xian et al., 
2020; Zhuang et al., 2020). LH capsule is a TCM preparation consisting 
of Forsythia, Flos Lonicerae Japonicae, Rheum palmatum, Rhodiola 
Crenulata, and seven other herbs (Jia et al., 2015). For SARS-CoV-2, in 
vitro experiments illustrated that LH capsule could significantly inhibit 
the virus's replication and suppress cytokine storm by reducing pro- 
inflammatory factors (Runfeng et al., 2020). 

Its mechanism is multifaceted. Forsythia, Flos Lonicerae Japonicae, 
and Rheum Palm have active components that can act on the spike 
glycoprotein and human ACE2 receptor (Ho et al., 2007; Niu et al., 
2020), and Rhodiola Crenulata has protective effects on acute lung 
injury (Guan et al., 2012). A multicenter, randomized, prospective 
controlled trial conducted by Hu et al. involving 284 COVID-19 patients 
with a mean age of 51 years showed that taking LH capsule could 
significantly shorten the duration of fever, fatigue, coughing, and other 
symptoms, and improve the clinical cure rate (Hu et al., 2020). In China, 
the National Health Commission (NHC) has approved LH capsule for the 
therapy of COVID-19 (National Health Commission et al., 2020). 

Xuebijing Injection (XBJ) is another TCM made from five herbs, 
including Radix Paeoniae Rubra, Flos Carthami, Radix Salviae Miltior-
rhizae, Rhizoma Chuanxiong, and Radix Angelicae (Huang et al., 2011). 
XBJ has immunomodulation functions, anti-inflammation, anti-
coagulation, vascular endothelial protection (Li et al., 2020a), and 
reducing pulmonary inflammatory damage (Liu et al., 2014; Sun et al., 
2010). For the animal model of sepsis, XBJ can decrease the plasma 
levels of IL-1β, IL-6, and TNF-α (Jiang et al., 2013), and enhance the 
proliferation and differentiation of regulatory T cells (Chen et al., 2018). 
Recent clinical trials have suggested that XBJ can alleviate the diseases 
state of COVID-19 patients, reduce lung injury, enhance oxygenation 
index, decrease the partial pressure of carbon dioxide (PaCO2) and C- 
reactive protein (CRP) by repressing the expression of inflammatory 
mediators like IL-6 and TNF-α (Ma et al., 2020; Wen et al., 2020). The 
NHC has approved that XBJ is used for severe and critical COVID-19 

patients (National Health Commission et al., 2020). 

5. Conclusions 

Confronted the COVID-19 pandemic, the elderly are the most 
vulnerable group, especially elderly male patients. Therefore protecting 
the elderly population and effectively treating them is the key to tackling 
and treating this disease. 

Due to inflammaging and coagul-aging, the elderly are more prone to 
cytokine storm, coagulation dysfunction, and organ dysfunction. All 
these conditions put the elderly at a higher risk of death. In the future, 
we hope to carry out more studies on inflammaging and coagul-aging, 
which will enable us to understand the mechanism in-depth and find 
measures to intervene in the corresponding processes. Especially in the 
face of diseases such as COVID-19, which takes a high risk of critical 
illness and increases mortality in the elderly, more effective measures 
can be given. 

In addition, specific cytokine antagonists, steroids, and TCM prepa-
rations showed strong potential in the fight against COVID-19 inflam-
matory state, which are promising directions to ameliorate the condition 
of elderly patients with COVID-19. With their antiviral ability, TCM 
preparations and extensive immune regulation function can effectively 
protect patients, particularly in the early COVID-19 phases. In the 
future, more studies on TCM preparations will not only help elderly 
patients with severe infections like COVID-19, but can also have the 
potential to intervene in the aging-associated pro-inflammatory state 
and the senescence process itself. 

Declaration of competing interest 

The authors have no competing interests to declare. 

Acknowledgments 

This study was supported by the National Natural Science Founda-
tion of China (81870044). 

References 

Ackermann, M., Verleden, S.E., Kuehnel, M., Haverich, A., Welte, T., Laenger, F., 
Vanstapel, A., Werlein, C., Stark, H., Tzankov, A., Li, W.W., Li, V.W., Mentzer, S.J., 
Jonigk, D., 2020. Pulmonary vascular Endothelialitis, thrombosis, and angiogenesis 
in Covid-19. N. Engl. J. Med. 383, 120–128. https://doi.org/10.1056/ 
NEJMoa2015432. 

Aggarwal, B.B., 2003. Signalling pathways of the TNF superfamily: a double-edged 
sword. Nat. Rev. Immunol. 3, 745–756. https://doi.org/10.1038/nri1184. 

AlGhatrif, M., Cingolani, O., Lakatta, E.G., 2020. The dilemma of coronavirus disease 
2019, aging, and cardiovascular disease: insights from cardiovascular aging science. 
JAMA Cardiol. 5, 747–748. https://doi.org/10.1001/jamacardio.2020.1329. 

Atal, S., Fatima, Z., 2020. IL-6 inhibitors in the treatment of serious COVID-19: a 
promising therapy? Pharm. Med. 34, 223–231. https://doi.org/10.1007/s40290- 
020-00342-z. 

Auyeung, T.W., Lee, J.S., Lai, W.K., Choi, C.H., Lee, H.K., Lee, J.S., Li, P.C., Lok, K.H., 
Ng, Y.Y., Wong, W.M., Yeung, Y.M., 2005. The use of corticosteroid as treatment in 
SARS was associated with adverse outcomes: a retrospective cohort study. J. Inf. 
Secur. 51, 98–102. https://doi.org/10.1016/j.jinf.2004.09.008. 

Aziz, M., Fatima, R., Assaly, R., 2020. Elevated interleukin-6 and severe COVID-19: a 
meta-analysis. J. Med. Virol. https://doi.org/10.1002/jmv.25948. 

Bhandage, A.K., Cunningham, J.L., Jin, Z., Shen, Q., Bongiovanni, S., Korol, S.V., Syk, M., 
Kamali-Moghaddam, M., Ekselius, L., Birnir, B., 2019. Depression, GABA, and age 
correlate with plasma levels of inflammatory markers. Int. J. Mol. Sci. 20 (24), 6172. 
https://doi.org/10.3390/ijms20246172. 

Bi, Q., Wu, Y., Mei, S., Ye, C., Zou, X., Zhang, Z., Liu, X., Wei, L., Truelove, S.A., 
Zhang, T., Gao, W., Cheng, C., Tang, X., Wu, X., Wu, Y., Sun, B., Huang, S., Sun, Y., 
Zhang, J., Ma, T., Lessler, J., Feng, T., 2020. Epidemiology and transmission of 
COVID-19 in 391 cases and 1286 of their close contacts in Shenzhen, China: a 
retrospective cohort study. Lancet Infect. Dis. 20, 911–919. https://doi.org/ 
10.1016/s1473-3099(20)30287-5. 

Bikdeli, B., Madhavan, M.V., Jimenez, D., Chuich, T., Dreyfus, I., Driggin, E., 
Nigoghossian, C., Ageno, W., Madjid, M., Guo, Y., Tang, L.V., Hu, Y., Giri, J., 
Cushman, M., Quere, I., Dimakakos, E.P., Gibson, C.M., Lippi, G., Favaloro, E.J., 
Fareed, J., Caprini, J.A., Tafur, A.J., Burton, J.R., Francese, D.P., Wang, E.Y., 
Falanga, A., McLintock, C., Hunt, B.J., Spyropoulos, A.C., Barnes, G.D., Eikelboom, J. 
W., Weinberg, I., Schulman, S., Carrier, M., Piazza, G., Beckman, J.A., Steg, P.G., 

K. Xu et al.                                                                                                                                                                                                                                       

https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1038/nri1184
https://doi.org/10.1001/jamacardio.2020.1329
https://doi.org/10.1007/s40290-020-00342-z
https://doi.org/10.1007/s40290-020-00342-z
https://doi.org/10.1016/j.jinf.2004.09.008
https://doi.org/10.1002/jmv.25948
https://doi.org/10.3390/ijms20246172
https://doi.org/10.1016/s1473-3099(20)30287-5
https://doi.org/10.1016/s1473-3099(20)30287-5


Experimental Gerontology 151 (2021) 111423

6

Stone, G.W., Rosenkranz, S., Goldhaber, S.Z., Parikh, S.A., Monreal, M., 
Krumholz, H.M., Konstantinides, S.V., Weitz, J.I., Lip, G.Y.H., the Iua, S.b.t.E.S.C.W. 
G.o.P.C, Right Ventricular, F, Global Covid-19 Thrombosis Collaborative Group, E.b. 
t.I.N.E, 2020. COVID-19 and thrombotic or thromboembolic disease: implications for 
prevention, antithrombotic therapy, and follow-up: JACC state-of-the-art review. 
J. Am. Coll. Cardiol. 75, 2950–2973. https://doi.org/10.1016/j.jacc.2020.04.031. 
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