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Abstract. Severe acute respiratory syndrome (SARS)-like coronavirus (SARS-CoV-2) is the seventh member of the coro-

naviruses (CoVs) family that infects humans and causes coronavirus disease 2019 (COVID-19), which is currently a global 

pandemic. Widespread secretion of cytokines has been shown to occur early in severe cases of the disease and can be an ef-

fective factor in the rapid progression of the disease. Systemic inflammation indicates an advanced stage of acute disease, 

which is characterized by multiple organ failure and elevated key inflammatory markers. Studies have shown a gender 

difference between the incidence and mortality of COVID-19. In this review, we investigated the gender difference in the 

systemic effects of COVID-19 and found that this gender difference exists especially in the respiratory, cardiovascular, 

liver, gastrointestinal and kidney systems. Due to the worse outcome of COVID in males, the role of female sex hormones 

in causing these gender differences is noticeable. There can be a systemic and local effect of female sex hormones, espe-

cially estrogen and possibly progesterone, on various cells. Among the effects of these hormones is the regulation of local-

ized angiotensin-converting enzyme 2 (ACE2) levels. ACE2 is the route of entry for SARS-CoV-2 virus into the cell. It is 

hoped that this review would address gender differences for better management of COVID-19 treatment.
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ПОЛ ПАЦИЕНТА ВЛИЯЕТ НА ОТВЕТ СИСТЕМ ОРГАНИЗМА И КЛИНИЧЕСКИЙ ИСХОД ПРИ COVID-19
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Резюме. Коронавирус тяжелого острого респираторного синдрома (SARS-CoV-2) является седьмым представите-

лем семейства коронавирусов (CoV), патогенным для человека, и возбудителем коронавирусного инфекционного 

заболевания (COVID-19), достигшего к настоящему времени масштаба глобальной пандемии. Было показано, что 

на ранней стадии тяжелых случаев заболевания секретируется значительный объем цитокинов. Это может стать 

важным фактором быстрого прогрессирования заболевания. Системное воспаление указывает на запущенную 

стадию острого заболевания, которая характеризуется полиорганной недостаточностью и повышенным уровнем 

ключевых воспалительных маркеров. Ранее проведенные исследования продемонстрировали гендерные разли-

чия в уровне заболеваемости и смертности от COVID-19. В данном обзоре мы исследовали гендерные различия 

в системных эффектах COVID-19 и обнаружили, что подобные различия наиболее выражены в дыхательной, сер-

дечно-сосудистой системах, желудочно-кишечном тракте, печени и почках. На основании регистрации худшего 

исхода COVID-19 у мужчин высказано предположение о возможном влиянии женских половых гормонов на тече-

ние болезни. Женские половые гормоны, особенно эстроген и, возможно, прогестерон, могут оказывать систем-

ное и местное действие на различные типы клеток, а также регулировать локальные уровни ангиотензинпревра-

щающего фермента 2 (ACE2). Установлено, что вирус SARS-CoV-2 проникает в клетку через ACE2. Мы полагаем, 

что рассмотренные в настоящем обзоре гендерные различия позволят улучшить ведение пациентов с COVID-19.
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Gender-related response of body systems 
in COVID-19 affects outcome

Coronavirus disease 2019 (COVID-19) is cur-

rently a global pandemic that has affected ap-

proximately 212 countries worldwide and has so far 

claimed the lives of more than 931 321 people in the 

world. Currently there are approximately 29 444 198 

confirmed cases of COVID-19 in the world [28, 152]. 

The COVID-19 first originated in Wuhan, China 

in December 2019, and scientists around the world 

are working to understand this virus and its properties 

in order to design interventional strategies to combat 

the disease. COVID-19 is caused by a virus called se-

vere acute respiratory syndrome (SARS)-like coro-

navirus (SARS-CoV-2), which is a single-stranded 

RNA (ssRNA) virus with genome size of 29 903 bp. 

The SARS-CoV-2 belongs to the same beta-corona-

virus that were previously reported as SARS-CoV 

and middle east respiratory syndromecoronavirus 

(MERS-CoV). They are not only sequentially simi-

lar, but the point of entry to human for both is through 

the same receptor [3, 55]. SARS-CoV-2 is the seventh 

member of the coronaviruses (CoVs) family that in-

fects humans and causes COVID-19 [153].

Human CoVs (HCoVs) have neuronal invasive 

capacities and may act through two main mecha-

nisms [12, 30, 31]: virus replication within glial 

or neuronal cells of the brain, or an autoimmune 

reaction with the host’s inadequate immune re-

sponse [79]. In relation to COVID-19, data on cen-

tral nervous system (CNS) involvement are unusual 

but growing, which indicate a high frequency of neu-

rological symptoms [99, 112, 115]. Coronaviruses 

can cause nerve damage through direct infection 

pathways (circulatory and nerve pathways), hypoxia, 

immune damage, angiotensin-converting enzyme 

(ACE2) activity, and other mechanisms. In addition, 

they can enter the nervous system directly through 

the olfactory nerve, bloodstream or nerve pathways, 

resulting in neurological disorders. Also, coronavi-

ruses have destructive effects on the lung tissue and 

cause a series of lung lesions such as hypoxia [154].

Extensive secretion of cytokines has been shown 

to occur prematurely in severe cases of COVID-19, 

and this can be a factor in the rapid progression of the 

disease. Multiple organ failure (Fig. 1) observed 

in many patients is caused by the storm of inflamma-

tory cytokines, including interleukin (IL)-1β, IL-2, 

IL-7, IL-6, IL-8, IL-10, IL-17, and gamma inter-

feron (IFNγ), which is possibly associated with dif-

fuse macrophage activity [154]. Excessive systemic 

inflammation or induced cytokine cascade may be 

associated with lymphocytopenia, and is one of the 

characteristics of severe inflammatory disease [90]. 

Systemic inflammation indicates an advanced stage 

of acute disease which is characterized by multiple 

organ failure and elevated key inflammatory mark-

ers [125]. Based on clinical data, these inflammatory 

markers include IL-6, IL-2, IL-7, tumor necrosis 

factor-α (TNFα), IFNγ inducible protein (IP)-10, 

monocyte chemoattractant protein (MCP)-1, mac-

rophage inflammatory protein (MIP) 1-α, granulo-

cyte-colony stimulating factor (G-CSF), C-reactive 

protein (CRP), procalcitonin and ferritin [62, 90, 119, 

125, 148]. Following a viral infection, these cytokines 

activate the pathways that lead to the differentiation 

of immune cells, the migration of leukocytes to the 

sites of infection, and the proliferation of hematopoi-

etic stem cells [139].

Responses to viruses as well as compatible immune 

responses during viral infections differ between men 

and women [147]. Women have been shown to have 

higher inflammatory, antiviral, and humoral immune 

responses than men during viral infections [147], 

which help the better clearance of viruses, including 

SARS-CoV [18]. Enhanced immunity in women can 

lead to more immunopathology and tissue damage 

in the late stages of viral disease [145]. This review arti-

cle intends to address the effects of COVID-19 on dif-

ferent systems of the body, the issue of gender differ-

ences in the outcomes of COVID-19, and separation 

of different body systems if we can find any research 

on that (Fig. 2). With this review, the research gap 

in this area will be identified and maybe better treat-

ment management will be provided when the effects 

of gender difference are taken into consideration.

COVID-19 and gender differences

A published study of 168 patients with severe 

COVID-19 in Wuhan, China, reported that men 

were hospitalized and died more than women, and 

few of them were discharged during the study pe-

riod [91]. A difference between men and women 

at the ages of 60 and older is evident. In this study, 

the ratio of neutrophils to lymphocytes and se-

rum C-reactive protein concentration were twice as 

high in men with COVID-19 then in women with 

the same disease. These data suggest that inflam-

matory immune responses and cell counts may be 

higher in men, and also can be associated with worse 

COVID-19 outcomes in men than in women [91].

Studies conducted on mice have shown that, 

the males are more susceptible to coronavirus in-

fection than females [27, 66, 131]. Another study re-

ported that male patients with COVID-19 were 65% 

more likely to die than women with the same disease. 

The World Health Organization states that a smaller 

percentage of women infected with the virus die from 

it in comparison with the men [85]. Another study 

also reported that female patients were less in need 

of intensive care compared to male patients [44].

The potential factors influencing these gender dif-

ferences need to be identified. Numerous factors, such 

as immune system, sex hormones, physiological factors, 

lifestyle and socio-cultural behaviors are likely to be re-

sponsible for these differences [9, 10, 14, 16, 27, 52].



1022

Инфекция и иммунитетM. Khaksari et al.

Women’s immune cells are more active than men, 

which is associated with the stimulation of Toll-

like receptor 7 (TLR-7) and production of interfer-

on [26]. In addition, after infection with viral agents, 

women produce lower levels of IL-6 than men, which 

are associated with longer life expectancy [26, 111]. 

In the face of viral infections, women’s immune 

system functions differently from men’s; this trig-

gers a stronger immune response that leads to viral 

clearance. In general, antibody production in women 

is higher and lasts for longer than in men. Differences 

in women’s immune responses may be related to sex 

hormones and factors related to X chromosome [59, 

72]. Female sex steroids [121, 128] regulates inflam-

matory responses as well as immune system-regu-

lating genes located on the X chromosome [80, 114, 

132], so it can be assumed that cytokine cascades, 

which are associated with impaired regulation of im-

mune system, occur less frequently in women than 

in men [80, 97].

Sex steroids are potential modulators of the im-

mune system, and different concentrations of estro-

gens, progesterone, and androgens between men and 

women, in addition to genetics, are likely to affect 

immune responses to COVID-19 and inflammatory 

outcomes. This is especially important because acute 

illnesses, such as COVID-19, may alter the function 

of gonadal-hypothalamic-pituitary axis and reduce 

the endogenous production of estrogens and proges-

terone [88].

Among factors that cause gender differences in the 

outcome of COVID-19, the role of sex hormones 

that affect immune responses should not be ignored. 

Some studies suggest that estrogen therapy plays an 

important role in the creation of protective immune 

response against COVID-19 [134]. It has been re-

ported that female sex hormones, especially estro-

gen, can lead to better outcomes and greater resist-

ance to COVID-19 in women. This resistance is due 

to the systemic and local effect of female hormones 

on different cells. In particular, estrogens stimu-

late the immune system by modulating the function 

of B cells and improving the activity of T-helper 2 

cells (Th2) [137]. Estrogen boosts immune respons-

Figure 1. Systemic effects of COVID-19

Note. ↑ — increase; ↓ — decrease; ACE2 — angiotensin-converting enzyme 2; AKI — acute kidney injury; ALP — alkaline 
phosphatase; ALT — alanine transaminase; ARDS — acute respiratory distress syndrome; AST — aspartate transaminase; 
BBB — blood-brain barrier; BUN — blood urea nitrogen; CK — creatine kinase; COVID-19 — coronavirus disease; 
Cr — creatinine; GFR — glomerular filtration rate; GGT — gamma-glutamyltransferase; LDH — lactate dehydrogenase.
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es, causing virus clearance to occur more quickly and 

vaccines to be more effective [4, 66]. In most human 

or rodent experimental models, the anti-inflamma-

tory effects of estradiol (E2) on innate immunity 

include suppression of the production of inflamma-

tory cytokines (such as IL-6, IL-1β and TNFα) by 

monocytes and macrophages (TNFα is a major fac-

tor in cytokine cascade of COVID-19), strong inhi-

bition of chemokine (C-C motif) ligand 2 (CCL2), 

and prevention of innate immune cell migration 

to inflamed areas, especially neutrophils and mono-

cytes [88]. E2 produces helper T cells (CD4+) and 

anti-inflammatory cytokines, such as IL-4, IL-10, 

and IFNγ [2].

Estrogen receptors (ERs) are expressed in all 

immune cells, and act as transcriptional regula-

tors of cellular function. In human peripheral blood 

mononuclear cells (PBMCs), CD4+ T lymphocytes 

express higher levels of ERα-related mRNA than 

ERβ, while B cells show higher levels of ERβ-related 

mRNA than ERα [107]. Peripheral blood CD8+ 

T cells and monocytes express low levels of both 

receptors [107]. In female mice with COVID-19, 

the highest sex-specific protection was observed dur-

ing their reproductive period with strong ER signal-

ing. Therefore, in adult women, stronger ER signal-

ing may play an important role in health protection 

against COVID-19 infection compared to men [18].

Progesterone (P4) is another important hormone 

that modulates the immune and anti-inflammatory 

system, which is produced at high levels by the pla-

centa during pregnancy. Progesterone receptors 

(PRs) are expressed in most immune cells, includ-

ing epithelial cells, macrophages, lymphocytes, mast 

cells, and eosinophils [72]. P4 inhibits the production 

of pro-inflammatory cytokines of IL-1β and IL-12 

by human and rodents’ macrophages and dendritic 

cells [72, 108, 135]. Also, P4 treatment fastens re-

covery by increasing Transforming growth factor 

(TGF-β), IL-6, IL-22, and number of Th17 cells [54].

Plasma testosterone levels decreases with age, and 

studies in older men with COVID-19 [7] show that 

low testosterone level is associated with high inflam-

matory conditions [83]. In addition, testosterone 

therapy has been shown to reduce IL-6, IL-1β and 

TNFα [96]. However, unlike estrogen, testoster-

one has been shown to play an inhibitory role in the 

body’s immune processes, which is a further possible 

explanation for men’s susceptibility to infections [4]. 

High and low testosterone concentrations appear 

to increase the risk of infection and possible compli-

cations of COVID-19 [129].

Due to the age-related decrease in sex hormones 

in the elderly, these hormones can be suggested as 

a treatment option and may help reduce inflamma-

tion in elderly patients with COVID-19 [69, 105].

Figure 2. Gender difference in the effects of COVID-19 on body different systems

Note. ↑ — increase; ↓ — decrease; ACE2 — angiotensin-converting enzyme 2; COVID-19 — coronavirus disease; 
Cr — creatinine.
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COVID-19 and the nervous system

Outcomes of severe COVID-19 in patients in-

clude destruction of blood-brain barrier (BBB) 

and secondary intracranial infection, which may 

cause headache, vomiting, loss of vision, and sei-

zures [109]. Viral encephalitis, infectious toxic en-

cephalopathy, and acute cerebrovascular disease are 

some of the neurological diseases associated with 

COVID-19 [154].

Encephalitis is known as one of the symptoms 

of COVID-19. Encephalitis refers to inflammatory 

lesions in the brain parenchyma, including neuronal 

damage and nerve tissue damage caused by patho-

gens. This disease is characterized by an acute onset 

and its common symptoms include headache, fever, 

vomiting, seizure, and disturbances of conscious-

ness [36]. Early detection of viral encephalitis is very 

important [156].

Infectious toxic encephalopathy, also known as 

acute toxic encephalopathy, refers to a syndrome 

of reversible brain dysfunction caused by factors such 

as systemic toxemia, metabolic disorders, and hypox-

ia during the acute infection process [95, 138, 161]. 

Major pathological changes in this disease include 

cerebral edema for which there is no evidence of in-

flammation in cerebrospinal fluid analysis. Patients 

with a mild course of the disease may experience 

headache, delirium, mental disorders, and anxiety. 

Patients with high severity of the disease may expe-

rience loss of consciousness, disorientation, coma, 

and paralysis [33, 95]. Acute viral infection is one 

of the major causes of this disease, which is exempli-

fied by CoV-induced respiratory infection. Patients 

with COVID-19 often have severe hypoxia and 

viremia [50], which can lead to toxic encephalopa-

thy. In addition, approximately 40% of patients with 

COVID-19 develop headache, loss of consciousness, 

and other symptoms of brain dysfunction [87]. One 

study reported that edema was diagnosed in the brain 

tissue of patients with COVID-19. In general, these 

findings provide evidence that COVID-19 can cause 

infectious toxic encephalopathy [159].

In the case of acute cerebrovascular disease, there 

is considerable evidence that respiratory-related in-

fection is an independent risk factor for it [35, 150]. 

Data from laboratory models show that the influenza 

(flu) virus can exacerbate ischemic brain damage by 

stimulating a cytokine cascade, and increase the risk 

of cerebral hemorrhage following a treatment with 

tissue-type plasminogen activator [101]. The CoV in-

fection, particularly SARS-CoV-2, has been widely 

reported to cause a cascade of cytokines, which may 

be one of the factors, by which CoV causes acute 

brain disease [20, 90].

In fact, although severe respiratory complica-

tion is the most common symptom in patients with 

COVID-19 that leads to hospitalization in intensive 

care units, some patients have also shown neurologi-

cal symptoms, which are classified in three catego-

ries; symptoms of CNS disease (headache, dizziness, 

impaired consciousness, ataxia, acute cardiovascular 

disease and epilepsy), symptoms of peripheral nerv-

ous system (PNS) (hypogeusia, hyposmia, neuralgia) 

and symptoms of musculoskeletal [78, 87].

According to reports, hACE2 (human angioten-

sin-converting enzyme-2 receptor), like other organs 

in the brain, is expressed primarily in the brainstem 

and in areas involved in cardiovascular function and 

blood pressure regulation [45, 155]. It is also consid-

ered the entry point of SARS-CoV-2 viruse in hu-

man, which is why the brain is not immune to viral 

infection. It has been reported that ACE2 levels are 

different in men and women, and women have lower 

levels of ACE2 than men [85].

Although SARS-CoV-2 has not yet been detected 

in cerebrospinal fluid, SARS-CoV has been identi-

fied in cerebrospinal fluid of patients with similar 

structural and functional characteristics, indicat-

ing the virus’s ability to cause extremely severe BBB 

damage [78]. If previous studies with other CoVs 

are considered, SARS-CoV-2, like other members 

of its family, first infects peripheral nerve terminals 

and then slowly travels to CNS through the synap-

tic pathway [140]. Reported involuntary respiration, 

hyposmia, and ageusia in patients with COVID-19 

have speculated that SARS-CoV-2 not only infects 

the lungs but also significantly affects neurons, espe-

cially in the medulla oblongata, which regulates pul-

monary and cardiac function, and any damage to it 

can lead to chronic respiratory distress, which has 

been reported in COVID-10 patients [78]. Recently, 

more serious complications including acute hemor-

rhagic necrotizing encephalopathy (ANE) have been 

reported in studies [112]. ANE is a rare complication 

of viral infections such as flu, and is associated with 

a significant increase in intracranial cytokines, lead-

ing to the failure of BBB [118].

One study found that more than a quarter of peo-

ple with COVID-19 suffered from mental illness, 

anxiety and depression, and about a third had sleep 

disorders. In addition, the prevalence of anxiety 

and depression in COVID-19 pandemic was higher 

than the 2003 acute respiratory syndrome (SARS) 

epidemic. Endocrine system function often plays 

a role in the biological explanation of gender differ-

ences in psychological outcomes, so that the preva-

lence of anxiety, depression and sleep disorders 

in women with COVID-19 is much higher than men. 

Decreased estrogen may increase the risk of anxi-

ety in women [92]. Effective treatment for anxiety 

in women should eliminate mental illness and also 

should include comprehensive interventions such as 

hormone regulation Approximately 30.6% of patients 

showed sleep problems [42]. Regarding the effect 

of COVID-19 on the nervous system, not much study 

was found to examine the effect of sex differences 

in this regard.
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COVID-19 and the respiratory system

There is a crosstalk between the brain and lungs 

during COVID-19 infection. SARS-CoV-2 uses ACE2 

as a receptor for viral cell entry, and induces lung 

damage by increasing cytokines in the immune sys-

tem, which can reduce the expression of central ACE2 

protein. Inhibition of ACE2 activity reduces the sen-

sitivity of baroreceptor reflex that controls heart rate 

and also increases sympathetic tone, which ultimately 

leads to increased blood pressure and impaired heart 

function. In addition, in the case of neuroprotective 

property of ACE2, its inhibition may upset the neu-

rotoxicity/neuroprotection balance within the brain. 

Elevated inflammatory cytokines during lung injury, 

hypoxemia, and increased sympathetic tone through 

inhibition of central ACE2 lead to overactive CNS, 

which may play a critical role in the etiopathogen-

esis of neurogenic pulmonary edema and possibly 

COVID-19 pulmonary complications in patients [57]. 

It has been reported that 3% to 20% of patients with 

COVID-19 are associated with acute respiratory dis-

tress syndrome (ARDS) [21, 48, 148]. Recent stud-

ies have shown that renin angiotensin system (RAS) 

activation plays an important role in acute lung inju-

ry [164]. Animals with ARDS have reduced ACE2 ac-

tivity, and a lack of ACE2 can lead to excessive neutro-

phil accumulation, increased vascular permeability, 

exacerbated pulmonary edema and eventually ARDS. 

Exogenous ACE2 exogenous supplement can reduce 

the inflammatory response and increase oxygen deliv-

ery in various ARDS animal models [164].

Progressive respiratory failure is the leading cause 

of death in COVID-19 disease. One study showed that 

all lung samples from the COVID-19 group had dif-

fuse alveolar damage with alveolar epithelial cell ne-

crosis, pneumocyte type-2 hyperplasia, intra-alveo-

lar fibrin deposition, and infiltration of perivascular 

lymphocytes. But in some people, the changes were 

local and they only had mild interstitial edema [86].

The lungs of patients with COVID-19 have three 

characteristics. First, severe endothelial damage asso-

ciated with the intracellular SARS-CoV-2 virus, and 

destruction of endothelial cell membranes. Second, 

the lungs of patients with COVID-19 have extensive 

vascular thrombosis with microangiopathy and al-

veolar capillary occlusion [84, 89]. Third, the lungs 

of patients with COVID-19 show significant vascu-

lar growth through the intussusceptive mechanism 

of angiogenesis [86]. Tissue hypoxia is also observed 

in these patients and a large number of ACE2 positive 

cells are observed in the lungs of these patients [144].

Impaired intercellular connections, cell swell-

ing, and loss of contact with the basal pulmonary 

membrane are shown in COVID-19 patients [144]. 

Another study showed that in the lungs of patients 

with COVID-19, there was obvious destruction of pul-

monary parenchyma, including interstitial inflam-

mation and extensive consolidation [38]. In a study 

of several different patients with COVID-19, a signif-

icant increase was found in pulmonary edema in the 

lungs with a slight increase in consistency of the low-

er lobe of the lung. No local changes were observed 

on the incised surfaces of the lung. Histologically, 

in addition to detected pulmonary edema, capillary 

florid endotheliitis was shown in lower lobs with in-

creased neutrophils and formation of microthrombus 

in alveolar capillaries and small pulmonary vessels 

including septal veins, and also cytokines such as IL-

1β and IL-6 were increased in the lung tissue [13].

The cytokine cascade is the cause of lung tissue 

damage and the immunopathogenesis of COVID-19 

infection. It has been shown that, the level of IL-6 

(one of the important components of cytokine cas-

cade and the driving force behind cytokine cas-

cade) is higher in men than women [151]. High levels 

of IL-6 in men may be associated with worse out-

comes than in women, which may indicate a higher 

risk of cytokine cascade in male patients. It has also 

been shown that antibody levels are higher in women 

with COVID-19 than in men [132].

COVID-19 has been shown to be transmitted 

through the upper respiratory tract, mucosal contact 

and eye conjunctiva, and droplets in the air or on sur-

faces contaminated by coughing or sneezing [137]. 

Estrogen has a beneficial effect on the upper and lower 

airways [137]. First, women’s noses respond to chang-

es in estrogen levels by improving the local immune 

response. This hormone stimulates the nasal mucosa 

and hypertrophy of the nasal turbines, and increas-

es the production of nasal mucosa, which contains 

mucin, electrolytes, immunoglobulin A (IgA), IgG, 

lysozyme, lactoferrin and oligosaccharides. These 

substances have antiviral and antibacterial proper-

ties that are essential against upper respiratory tract 

infections [51, 141]. In addition, estrogen stimulates 

the production of hyaluronic acid, which maintains 

a warm and moist environment in the nasal mucosa 

and cilia [51, 141]. Finally, estrogen acts directly 

on the nasal immune system by increasing the activ-

ity of phagocytes, dendritic cells, and natural kill-

ers [51]. Estrogen is also involved in the oral mucosa 

making it well hydrated by stimulating the production 

of hyaluronic acid, and also improves the function 

of lower respiratory tract by acting directly on bron-

chial epithelial cells, which increase the production 

of mucus rich in antiviral substances [136]. Estrogens, 

especially E2, can protect premenopausal women 

from the most serious side effects of COVID-19, given 

the higher levels of serum estrogen [46].

The positive effect of estrogen is supported by 

the action of progesterone, which regulates epi-

dermal growth factor of amphiregulin by inducing 

lung structure repair in the event of a viral infec-

tion. Progesterone administration during menopause 

in women improves the outcome of lung disease [54, 

136]. In a study in mice, progesterone treatment re-

duced the inflammatory environment of the lungs, 
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improved pulmonary function, and promoted cell 

proliferation and pulmonary repair, resulting in ear-

lier recovery without affecting viral load [54].

COVID-19 and the cardiovascular system

Heart damage seems to be one of the prominent 

features of COVID-19 disease, which occurs in 20 

to 30% of hospitalized patients and contributes 

to 40% of deaths [62, 119, 124]. Although the clinical 

manifestations of COVID-19 are related to the res-

piratory system, some patients have severe cardiovas-

cular damage. In addition, some patients with car-

diovascular disease (CVDs) may have an increased 

risk of death [62]. Patients with COVID-19 who do 

not have cardiovascular disease have better outcomes 

than patients with cardiovascular disease and hyper-

tension [168].

In patients with COVID-19, studies have shown 

that 51% of patients with heart disease died, while 

only 4.5% of patients without heart disease died from 

COVID-19 [62]. The mortality rate in COVID-19 

patients without Cardiovascular disease (CVD) with 

a normal cardiac troponin (cTn) level was 7.6%. 

In patients with CVD and a normal cTn level, it was 

13.3%. In patients without CVD and a high cTn level, 

it was 37.5%. In patients with CVD and a high cTn 

level, it was 69.4% [62]. Huang et al., reported that 

12% of patients with COVID-19 were diagnosed with 

acute myocardial injury, which was mainly mani-

fested by an increase in troponin I [5], and had blood 

pressure disorders [62, 119]. In another study, it was 

shown that among 138 patients with COVID-19, 

17.6% had arrhythmia and 7.2% had acute heart dam-

age [148]. There is a significant relationship between 

plasma troponin T levels of patients with COVID-19 

and their plasma C-reactive protein and N-terminal 

pro-brain natriuretic peptide (NT-proBNP) lev-

els [62]. Like SARS, patients with COVID-19 also 

showed potential heart damage. Chen et al. reported 

that out of 99 confirmed COVID-19 patients admit-

ted to Wuhan Jinyintan Hospital, 13 (13%) showed 

elevated creatine kinase and 75 (76%) showed elevat-

ed lactate dehydrogenase [21].

As seen in the reports, abnormal electrocar-

diogram (ECG) changes have also been recorded 

in critical situations [58]. One study found that a high 

percentage of patients had prolonged QT and rare 

arrhythmias [63]. There are several possible mecha-

nisms for that. First, ACE2 was first identified as 

a functional receptor for coronavirus that is highly 

expressed in the heart and lungs [143]. Therefore, 

ACE2-related signaling pathways may play a role 

in heart damage. Second, COVID-19-induced hy-

poxemia may damage myocardial cells. Third, sys-

temic inflammatory responses and immune sys-

tem disorders may be important factors in that [99]. 

However, it is also possible that the disorder may 

be due to decreased ACE2 activity in the heart, 

just like SARS [49]. Oudit et al. observed the pres-

ence of SARS-CoV and reduced expression of ACE2 

in the hearts of SARS-CoV-infected mice. They also 

reported that SARS-CoV was isolated from 7 autop-

sied human hearts among 20 patients, and the myo-

cardial damage was associated with decreased ex-

pression of myocardial ACE2 protein [104].

In general, ACE1 converts angiotensin 1 to 2, and 

angiotensin 2 induces vasoconstriction, inflamma-

tion, fibrosis, and proliferation through its receptor, 

which ultimately increases blood pressure, cardiac 

fibrosis, thrombosis, and ARDS [49, 120]. On the 

other hand, angiotensin 2 is converted to angiotensin 

1–7 by ACE2, which is a peptide without biological 

functions and has vasodilatory, anti-fibrotic, anti-

apoptotic and anti-proliferative effects, and finally 

reduces blood pressure, heart fibrosis, thrombosis 

and ARDS [73]. COVID-19 inhibits this conversion 

and these effects in the heart [49].

A higher percentage of men (65.4%) had higher 

cardiac troponin (cTn) than women (42.2%) with 

COVID-19 [62]. Estrogen levels are inversely related 

to the expression of cTn, which is released from car-

diomyocytes exposed to ischemia or hypoxia [94]. 

The action of estrogen may explain these findings, 

as estrogen has been shown to decrease the concen-

tration of low-density lipoprotein (LDL) and in-

crease the concentration of high-density lipoprotein 

(HDL) [93]. The 17β-Estradiol specifically mediates 

the activity of nitric oxide synthase (NOS) through 

interaction with estrogen receptors. Functional es-

trogen receptors are also present in cardiomyocytes, 

which regulate NOS expression to protect against 

cardiovascular damage by inhibiting platelet activity, 

thrombus formation, and leukocyte-endothelial cell 

adhesion [74].

There is growing evidence that sex and sex hor-

mones affect many circulatory and tissue-based 

components of RAS such as ACE2 [41, 81]. The 17β- 

Estradiol regulates the expression of ACE2 in the 

heart, kidneys and uterus [65, 68]. For example, 

17β-estradiol increases local ACE2 activity in the 

heart and weakens the RAS system by isolating 

a residue angiotensin II to enhance angiotensin 1–7 

production, which protects the heart, and has anti-

inflammatory and anti-oxidative effects [15, 40, 

123]. Reducing the regulation of angiotensin II re-

ceptor type 1 (AT1R) by estrogens and regulating re-

nin activity by estrogens have been shown [113, 122]. 

Recently, estrogen has been shown to modulate lo-

calized RAS in the atrial myocardium by down-reg-

ulating ACE1 and simultaneously regulating ACE2, 

AT2R, and MAS expression levels [15]. The ACE2/

Ang1-7/Mas receptor axis appears to be more closely 

related to each other in women than in men [19].

COVID-19 infection causes harmful hyper-

coagulability by exacerbating patients’ endothelial 

dysfunction [6]. Activation of endothelial estrogen 

receptors has been shown to increase nitric oxide 
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(NO) and decrease Reactive oxygen species (ROS), 

and also protects the vascular system against angio-

tensin 2-mediated vasoconstriction, inflammation, 

and ROS production [77, 98, 130]. Higher mortality 

in men seems to be partly related to the prevalence 

of underlying diseases. One of the most common 

complications of high-intensity COVID-19 is cardio-

vascular disease, and testosterone activates the main 

pathway of myocardial inflammation, while estrogen 

has a protective effect against cardiovascular dis-

ease [70, 74, 102]. It has been reported that, in clini-

cal trials in which testosterone level was high, there 

was an increased susceptibility to cardiovascular in-

flammation, and these men were more vulnerable 

to COVID-19 [26].

COVID-19 and liver

More than one-third of patients hospitalized 

with SARS-CoV-2 infection have abnormal liver 

function, which is associated with longer hospi-

tal stays [37]. Liver failure in 60% of patients with 

SARS3 and in patients infected with MERS-CoV, 

have been reported. Patients with severe COVID-19 

appear to have higher liver dysfunction. Liver dam-

age in severe cases of COVID-19 is more common 

than in mild cases [153]. One study found that 2–11% 

of patients with COVID-19 had liver obstruction 

and 14.8–53.1% had abnormal levels of alanine ami-

notransferase (ALT) and aspartate aminotransferase 

(AST) during disease progression [153]. The preva-

lence of chronic liver disease has been shown to be 

relatively low in patients with COVID-19. However, 

individuals with severe forms of COVID-19 show sig-

nificant changes in liver enzymes as well as coagula-

tion and fibrinolytic pathways due to the innate im-

mune response to the virus [86].

An increase in the prevalence of liver injury in pa-

tients with COVID-19 was reported from 39.6% 

to 43.4%, which was mainly associated with increased 

ALT and AST as well as hypoalbuminemia [21, 

149]. In one study, 132 patients with liver damage 

were found to have slight increase in total biliru-

bin (TBIL), of whom 72 were male (54.5%) and 60 

were female (45.5%), [149]. Another study found that 

among COVID-19 patients admitted to an American 

academic medical center, 69% had abnormal liver 

biochemical factors at the time of admission and 93% 

had higher-than-normal hepatic biochemical factors 

during hospitalization. Approximately one in five 

hospitalized patients was at risk for grade 3 or 4 liver 

injury [11].

It has also been shown that the level of gamma 

glutamyl transferase (GGT), a biological diagnos-

tic marker for cholangiocyte damage, increases 

in COVID-19 patients. Increased alkaline phos-

phatase (ALP) levels have also been observed in sev-

eral COVID-19 patients during hospitalization [162]. 

Another study showed that ACE2 receptor expression 

in infinite cholangiocytes increases and this sug-

gests that SARS-CoV-2 may bind directly to ACE2-

positive cholangiocytes to impair liver function [17].

Liver damage in patients with COVID-19 in-

fection may be directly due to viral infection of the 

liver cells. Approximately 2–10% of patients with 

COVID-19 have diarrhea, and SARS-CoV-2 RNA 

has been detected in fecal and blood samples [160]. 

This evidence suggests that, the virus may be pre-

sent in the liver. Both SARS-CoV-2 and SARS-CoV 

bind to ACE2 receptor in order to enter the target cell 

(148), where the virus multiplies and subsequently 

infects other cells in the upper respiratory tract and 

lung tissue. Patients then begin to show clinical signs 

and symptoms [162].

Immune-mediated inflammation, such as cy-

tokine influx and pneumonia-induced hypoxia, may 

also contribute to liver damage or even liver failure 

in patients with COVID-19, who are in critical stages 

of the disease [162]. In these patients, the mild acute 

hepatic congestion and activation of non-inflamed 

Kupffer cells have been shown [13]. A recent study 

reported that moderate microvascular steatosis and 

mild lobular and portal activity occur in liver biop-

sy specimens, indicating that liver damage can be 

caused by SARS-CoV-2 infection [159].

After SARS-CoV-2 infection, pathogenic T cells 

are rapidly activated, producing granulocyte-mac-

rophage (GM-CSF), IL-6, and other inflammatory 

factors, and also activate inflammatory monocytes 

CD14+ and CD16+, resulting in higher levels of IL-6 

and other inflammatory factors, which lead to an in-

flammatory storm and immune damage to the liver. 

IL-6 and GM-CSF are two important inflamma-

tory factors that cause inflammatory storm in pa-

tients with COVID-19 [39]. One study found that, 

the prevalence of liver damage in male patients was 

higher than female ones [47]. Abnormal liver func-

tion has been shown to be more common in men with 

COVID-19 than in women, who have higher inflam-

matory markers such as C-reactive protein and pro-

calcitonin [37]. ACE2 expression in the liver of wom-

en is very low compared to men [110].

COVID-19 and gastrointestinal tract

COVID-19 infection may be present in the intes-

tine, leading to gastrointestinal symptoms such as 

diarrhea and abdominal pain. Intestinal metabolic 

disorders caused by this disease increase the absorp-

tion of harmful metabolites, which affects the func-

tion of central nervous system through the intesti-

nal axis and brain, and then leads to dizziness and 

fatigue. These metabolites are also harmful to liver 

tissue [170]. Although patients usually have fever and 

respiratory symptoms, some have gastrointestinal 

symptoms such as diarrhea, vomiting, and abdomi-

nal pain [47]. In the small intestine, mesenteric ede-

ma and peritoneal fluid have also been observed [8].
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Studies have shown that RNA of SARS-CoV-2 

is present in anal/rectal swabs and fecal samples 

of COVID-19 patients, even after virus clearance 

from the upper respiratory tract [158, 166]. In ad-

dition, ACE2 expression has been observed in gas-

trointestinal epithelial cells [55, 157]. Zhang et al., 

reported that ACE2 is expressed in esophageal epi-

thelial cells and enterocytes in ileum and colon [163]. 

Intestinal epithelial cells, especially small intestinal 

enterocytes, also express ACE2 receptors. In the in-

testine, ACE2 regulates the absorption of amino ac-

ids and the balance of intestinal bacteria to reduce 

intestinal inflammation [56], and because ACE2 

is the entry point of virus, the presence of ACE2 pre-

disposes the intestine to viral infection [76].

The role of intestinal microbiota in lung diseases 

is well confirmed. Respiratory viral infections have 

also been shown to disrupt the intestinal microbiota. 

Diet, environmental factors and genetics play an im-

portant role in the formation of intestinal microbiota 

that can affect immunity [29, 34, 53, 146]. The diver-

sity of intestinal microbiota is decreased in old age 

and COVID-19 has been mainly fatal for elderly pa-

tients, pointing again to the role that intestinal mi-

crobiota play in this disease [32, 82, 100].

Odor and taste disorders are common in patients 

with mild to moderate COVID-19. One study report-

ed that in women infected with COVID-19, the rate 

of gastrointestinal symptoms, including diarrhea, 

loss of appetite, and olfactory and taste disturbances, 

was almost twice as high as in infected men [126], 

which were accompanied by higher levels of inflam-

mation and poorer liver function [170].

Levels of ACE2 expression in adipose and subcu-

taneous tissue of the large intestine are significantly 

higher in women than in men [142]. Another study 

found that, the proportion of gastrointestinal symp-

toms in female patients was significantly higher than 

in male patients. Clinical manifestations such as sore 

throat, dizziness, and fatigue were also more com-

mon in patients with gastrointestinal symptoms [170].

COVID-19 and kidney

Although COVID-19 infection is primarily a res-

piratory disease, other organs, including the kidneys, 

are often affected by it [60]. Acute kidney injury (AKI) 

is one of the major complications of COVID-19, which 

occurs in 0.5–7% of cases and in 2.9–23% of ICU pa-

tients [48, 62]. In a cohort study, 43.9% of hospitalized 

patients had proteinuria and 26.7% had hematuria. 

The prevalence of high serum creatinine, hyperurice-

mia and estimated glomerular filtration rate below 

60 ml/min/1.73 m2 were 14.4, 13.1 and 1.13%, respec-

tively. During the study period, AKI occurred in 5.1 

patients [23].

Podocytes and proximal direct tubule cells, as 

kidney cells, host the virus. According to the find-

ings, the effects of SARS-CoV-2 cytopathy on po-

docytes and proximal direct tubule may cause AKI 

in patients with COVID-19. Podocytes and proximal 

direct tubule cells play an important role in urine 

purification, reabsorption and excretion. It should 

be noted that podocytes are particularly vulnerable 

to viral and bacterial attacks, and podocyte damage 

easily induces heavy proteinuria [64]. As the data 

from one study showed, 43.9% of patients infected 

with SARS-CoV-2, especially patients with AKI, 

had proteinuria [24].

In the case of renal histopathology in COVID-19 

patients, in one study, significant ATI and occlusion 

of microvascular lumens were observed mainly by red 

blood cells with endothelial damage as well as glo-

merular and vascular changes [132]. These findings 

suggest that, the COVID-19 infection causes direct 

infection of renal parenchyma and possibly second-

ary endothelial damage. Acute tubular injury is asso-

ciated with loss of edging brushes and non-isometric 

vacuolation, which may in part be due to the direct 

effect of SARS-CoV-2, as demonstrated by ultra-

structural evaluation [133]. A study showed an im-

portant relationship between AKI and respiratory 

failure for the following reasons [60]:

First, severe AKI usually occurs during intuba-

tion and mechanical ventilation. Second, the AKI 

rate in patients under mechanical ventilation was 

89.7%, while in other patients it was 21.7%. Third, 

severe AKI (stages 2 and 3) occurred in 65.5% of pa-

tients using mechanical ventilation compared with 

6.7% of patients who were not using mechanical ven-

tilation [60].

The most obvious risk factors for the development 

of AKI in COVID-19 patients have been the need 

for ventilator support or treatment with vasopressor. 

Reported risk factors for poor COVID-19 outcomes, 

include aging, male gender, and high Body mass in-

dex (BMI) [22, 67, 127, 165, 169].

This virus has also been shown to cause intersti-

tial inflammation, acute tubular necrosis, podocy-

topathy, microangiopathy, and collapsing glomeru-

lopathy [71, 75, 103, 106]. Another study found that 

in patients with COVID-19, endothelium in the 

kidney, which is responsible for proteinuria, is af-

fected by the disease [117]. In addition, virus parti-

cles are present in renal endothelial cells. The virae-

mia is considered as a possible cause of endothelial 

damage in the kidney and a possible cause of AKI. 

Also, SARS-CoV-2 can directly infect renal tubu-

lar epithelium and podocytes via ACE2-dependent 

pathway, causing mitochondrial dysfunction, acute 

tubular necrosis, formation of protein reabsorption 

vacuoles, collapsing glomerulopathy, and protein 

leaks into Bowman capsules [75, 133].

Another potential mechanism for the development 

of AKI is impaired regulation of immune response 

to COVID-19 virus [116, 169]. Other factors that may 

contribute to AKI include rhabdomyolysis, mac-

rophage activation syndrome, and the development 
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of micro-embolism and micro-thrombosis in the con-

text of hypercoagulability and endotheliitis [144, 167].

Although the incidence of chronic kidney disease 

is more common in women, the progression of kid-

ney failure and mortality is higher in men [25]. There 

is a significant interaction between sex hormones 

and ACE2 expression. Removal of ovaries increased 

ACE2 expression in the kidney and adipose tis-

sue of women, and estradiol replacement decreased 

ACE2 expression [41]. Also, testosterone appears 

to increase ACE2 levels in the kidneys, while estro-

gen decreases ACE2 expression in the kidneys [41, 

43]. Compared to men, women showed lower levels 

of serum monocytes and creatinine [61].

Conclusion

Sex differences have been reported in the effects 

of COVID-19 on the respiratory system, cardiovas-

cular system, liver and kidneys. This sex difference 

appears to be attributable to levels of ACE2, a high 

expression of which has been reported in males. 

Estrogen, and perhaps progesterone, may regulate lo-

calized ACE2 levels, thereby reducing inflammation 

and oxidative stress, leading to protection against 

the virus. Further studies are needed to investigate 

the impact of sex differences on the nervous and gas-

trointestinal systems to better manage COVID-19 

treatment.
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