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INTRODUCTION

A new coronavirus in late 2019 resulted in a number of pneumonia cases in 
China in people who attended the Wuhan fish market in the Hubei region 1. 
This virus quickly spreads to numerous other countries, in February 2020 
WHO defines the disease triggered by this coronavirus: COVID-19 2,3. On 
11 March 2020, WHO declares the world pandemic, with 118,000 cases 
in 114 countries and 4.291 deaths from COVID-19 4. The virus that causes 
COVID-19 is a virus of the genus Beta-coronavirus and of the species 
SARS-CoV (severe acute respiratory syndrome-related coronavirus), and 
is called SARS-CoV-2  5. The SARS-CoV-2 virus uses the ACE2 receptor 
(angiotensin-converting enzyme-2) to enter into the cells of the upper res-
piratory tract 1. The aim of this review is to analyze the gender differences, 
comorbidities and the special population related to COVID-19.

METHODS

The included studies were identified by using PubMed, Medscape and 

Background. On March 2020, WHO declares the world pandemic by 
COVID-19. In this report we report the COVID-19 infection, related to 
male gender, comorbidity and special population. 
Data resources. We describe the published studies by PubMed, Med-
scape and Scopus between December 2019 to May 2020. Keywords 
used: male/man gender, sex differences, COVID-19, comorbidity, dia-
betes, hypertension, elderly, pregnancy, children. 
Results. The elderly population and infants are a population at higher 
risk. The comorbidities are risk factors for the development of a more 
severe form of disease. There may be a sex predisposition to COVID-19 
infection, with men more prone to be affected. 83.9% of COVID-19 
patients with chronic kidney disease (CKD) and 57.3% of COVID-19 
patients with liver diseases, have a severe disease.
Conclusions. Older age, infants, male gender and comorbidity de-
scribe a crucial role for severity of COVID-19 disease. Future studies 
are need for the management of these patients. 
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Scopus on the special population, male gender and 
COVID-19 until 30th June 2020. Keywords used: male 
gender, man differences, COVID-19, special population, 
comorbidity, diabetes, hypertension, elderly, pregnancy, 
children. Clinical trials, retrospective and prospective 
studies were included. Studies written in languages 
other than English were excluded. Three authors (T.C., 
G.S. and G.M.) reviewed all study abstracts. Studies 
were included if gender differences in comorbidity and 
COVID-19 were reported. All selected studies were 
qualitatively analyzed.

Special population

Elderly population

The elderly is certainly the most fragile population, 
which has been most exposed to COVID-19. In fact, in 
Italy, 39.1% of infected patients were over 70 years old 
and 72.2% were over 50 years old. In addition, elderly 
have a markedly higher mortality than the young 6,7. A 
study of 1099 patients with SARS-CoV-2 showed that 
15.1% of the population is 60 years old and above, 
and 27% of those who are critically is 60 years old and 
above. Another large study analyzed 4021 confirmed 
cases, and 1052 (26.2%) were 60 years old or older. 
The mortality rate of patients aged 60 years old and 
over (5.3%) is significantly higher than that of patients 
under 60 years old (1.4%) 8. There are important corre-
lations between patient’s age and inflammatory indica-
tors, with lower levels of lymphocyte counts and albu-
min in patients over 60 years old. On other hand, levels 
of lactate dehydrogenase (LDH), blood urea nitrogen 
and C-reactive protein (CRP) are higher in patients over 
60 years old and there are even more pulmonary lobes 
involved. However, it has been reported a higher pro-
portion of bacteria co-infection in patient over 60 years 
old compared to those younger than 60  9. According 
to the report of 72.314 cases from the Chinese Centre 
for Disease Control and Prevention, the case fatality 
rate (CFR) was significantly higher in older and geriatric 
patients. In particular, it has been reported that the CFR 
was of 2.3% in all confirmed cases, 8.0% in patients 
aged 70-79 years old and 14.8% in patients over 80 
years old 10. So, the elderly population is at higher risk, 
and these data are probably related to the greater pres-
ence of comorbidities such as hypertension, diabetes, 
COPD, heart disease and chronic kidney disease. In 
particular, in the Centre for Disease Control data, hy-
pertension is present in 63.1% of adults older than 60, 
chronic kidney disease (CKD) in 38% of adults older 
than 60, and diabetes in 26.8% of adults older than age 
65 11. These are risk factors for the development of a 
more severe form of disease, and therefore in this pop-
ulation it has been reported a higher rate of ARDS and 

complications related to COVID-19 12-14. To this regard, 
it has been reported that, in elderly or geriatric patients, 
the cardiac injury due to myocardial damage caused by 
SARS-CoV-2, induce more fatal outcomes and higher 
mortality than those without 9. In addition, the CFR in 
patients without comorbidities was 1.4%, whereas it 
was 13.2% for patients with cardiovascular disease, 
9.2% for patients with diabetes, 8.4% for patients with 
hypertension, 8% for patients with chronic respiratory 
disease, and 7.6% for patients with cancer 11. 
However, other two elements characterized the elderly 
during this pandemic: social isolation and malnutrition. 
Social isolation for older adults is a “serious public 
health concern” because of their risk of cardiovascu-
lar, autoimmune, neurocognitive, and mental health 
problems  14. Some studies demonstrated that social 
isolation puts older adults at greater risk of depression 
and anxiety 15. On one hand, it is important for elderly 
people to remain home, with food and medications de-
livered, and avoid social contact with family and friends, 
on other hand, it is even important to have actions to 
mitigate the mental and physical health consequenc-
es 14. For what concern malnutrition, a study reported 
that incidence of malnutrition in the elderly was about 
50.5% higher in rehabilitation institutions, and 38.7% in 
hospitalized patients. However, the incidence of mal-
nutrition in elderly patients with COVID-19 seems to be 
higher, and this phenomenon certainly participates in 
the development of immune dysregulation, which could 
account for a greater susceptibility to Covid-19 for el-
derly people 16,17.

Children population

Children of all ages can be infected, from newborn in-
fants to young children. In the largest Chinese pediatric 
case, the median age at pediatric diagnosis was seven 
years. Instead, the median was 6.7 years in 171 pa-
tients from the Wuhan Children’s Hospital 18. The rate of 
incidence in children for COVID-19 is low, accounting 
for about 2% in China 19. Similar findings were observed 
in Europe with 1% in children less than 10 years old 
and 4% in 10 to 19 years old. Fever and cough are the 
commonest presentation in symptomatic cases. Radio-
logical imaging is abnormal in more than half of cases. 
All cases in children recovered don’t reported fatality 19. 
In fact, adult and elderly patients are more prone to 
end-organ damage, systemic failures and death follow-
ing COVID-19 than children. The explanation could be 
related to the impaired immunity in the elderly patients, 
and the increased prevalence of co-morbidities such 
as cancer, diabetes and cardiovascular diseases in 
the adult and in the elderly  19. There are other theo-
ries underlying this epidemiological difference between 
adults and children. Some studies show the possibility 
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of the presence of more antibodies against viruses and 
of an immune system differently responsive for children 
than adults. Other studies propose the possibility of a 
reduced presence of the ACE2 receptor on the cells of 
the respiratory tract of children 20. In addition, it should 
be highlighted that infants could have worse compli-
cations than children  20. Most of the children patients 
manifested mild symptoms. There are several risk 
factors for severity in children who were hospitalized 
with COVID-19. For laboratory tests, the presence of 
elevated white blood cell, high CRP, and activated IL-6, 
IL-10, NK and the higher INR, D-dimer are risk factors 
for higher severity  21. Moreover, regarding radiological 
findings, in this study 21 it has been reported, that at the 
first day of admission, severe children patients mani-
fested computerize tomography (CT) image positive as-
sociated with COVID-19 disease severity 21. The most 
vulnerable fragments in these patients are left lower 
lung, right upper lung, right lower lung, rather than just 
lower lobe. In adult, conversely, is damaged often lower 
lobe 21. A study suggest that more than three lung seg-
ments was the high-risk factor associated with severe 
COVID-19 in children 21. In a Chinese study, laboratory 
and radiological characteristics, were analyzed in 20 
children affected by COVID-19 and they found that, in 
16 of 20 children, the Procalcitonin level was high; 12 
of 20 children had ground glass opacity at the chest CT 
scan; and in 10 of 20 children, in chest CT scan there 
was an opacity surrounded by a halo sign, that could 
be a typical sign of COVID-19 in children. Also, in 8 of 
20 children was found a bacterial co-infection, which is 
probably more common in children than in adult 22. For 
the children who need admission to hospital, the man-
agement is based on supportive therapy, including ad-
equate nutrition and calorie intake, fluid and electrolyte 
management and oxygen supplementation. Another 
important issue of management is the communication 
with parents with the aim of alleviating anxiety 23. Finally, 
a multisystem inflammation syndrome has been found 
in children with COVID-19, which could clinically ap-
pear very similar to Kawasaki disease. Indeed, in Italy a 
cluster of ten children showed symptoms very similar to 
Kawasaki (i.e., non-purulent conjunctivitis, polymorphic 
rash, mucosal changes, and swollen extremities)  24-26. 
About newborn, if the puerperant is positive for SARS-
CoV-2, the neonate must be isolated, then detected 
SARS-CoV-2, because an early identification and isola-
tion are very important for COVID-19 control 27. COV-
ID-19 neonates should be placed in negative pressure 
rooms 27. In conclusion, the management of COVID-19 
newborns with severe acute respiratory distress syn-
drome (ARDS), is the same of all cause of ARDS and 
neonatologist could use high-dose pulmonary sur-
factant, inhaled nitric oxide, high-frequency oscillatory 

ventilation, and extracorporeal membrane lung may be 
useful 27.

Pregnant women

The data related to SARS infection in pregnant women 
showed a high incidence of adverse maternal and neo-
natal complications, such as spontaneous miscarriage, 
preterm delivery, intrauterine growth restriction, en-
dotracheal intubation, admission to the intensive care 
unit, renal failure, and disseminated intravascular co-
agulopathy. On the other hands, during the COVID-19 
disease, the course of infection of pregnant patients 
tends to be similar to non-pregnant women  28. Preg-
nancy is a very special time in a woman’s life and the re-
sponse to inflammation also changes from trimester to 
trimester. Indeed, the first trimester is pro-inflammatory, 
the second is anti-inflammatory, and the third trimes-
ter is a pro-inflammatory phase again. Coronavirus is 
a pro-inflammatory disease, therefore for the reasons 
mentioned above, pregnant women are at higher risk 
of contracting the disease in the first and third trimes-
ter 29. Phoswa et al., suggest that pregnancy could be 
a risk factor for the development of COVID-19, because 
pregnant women showed decreased lymphocytes and 
Natural Killer cells, increased NKG2A inhibitory recep-
tors, and increased ACE2, IL-8, IL-10 and IP-10 levels. 
However, these changes in immune response are similar 
to those that occur during COVID-19 infection, for this 
reason the authors describe that pregnancy could be a 
risk factor for COVID-19 29. For the radiological diagno-
sis of COVID-19, X-ray and CT scan, should be used 
even for pregnant women as clinically necessary, with 
informed consent obtained, abdominal shielding and 
limiting exposure times to the minimum necessary  30. 
Chest CT features of COVID-19, in pregnant patients, 
are the same of non-pregnant patients. Indeed, it has 
been reported, ground glass opacity with consolidation 
or reticulation, and complete consolidation with pre-
dominantly peripheral distribution and bilateral lung in-
volvement. However, the consolidation lesions seem to 
be more prevalent in the pregnant cases 31. The placen-
ta of pregnant women with COVID-19 infection, should 
be considered as biohazardous waste 30. If the maternal 
COVID-19 infection, is assessed as severe or critical, 
early delivery should be considered to ensure maternal 
safety, regardless of gestational age  32. Some studies 
have even analyzed the possibility of the transplacental 
passage of SARS-CoV-2, but it was considered un-
likely 33. Regarding breast-feeding, limited data showed 
that SARS-CoV-2 is not transmitted through breast 
milk, but further studies are needed 34. Furthermore, the 
complications related to the mental health of pregnant 
women during the lockdown for the pandemic, must 
not be overlooked. In fact, in many cities in the United 
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States, the pregnant women had to deliver without their 
partner or relatives, and women with COVID-19 were 
immediately separated from the newborn in order to 
reduce the infection. These elements and the need for 
social distance could make pregnant and post-partum 
women more vulnerable and isolated 35.

Male and female subjects

In China and in Italy men are more infected by SARS-
CoV-2 than women  36. Several studies point out that 
men are more predisposed to develop Covid-19, and, 
in a study realized in New York, 70.8% of patients in 
invasive mechanical ventilation were men  37-39. Study 
about gender distribution, suggested that males ac-
count for 60% of COVID-19 patients. Reasons are 
not well explored yet. Some studies showed that even 
MERS-CoV and SARS-CoV infected more males than 
females. Many factors can explain this disparity. In par-
ticular, pre-existing diseases, such as cardiovascular 
or respiratory impairment, hypertension or diabetes 
may unfavorably impact the course of the COVID-19. 
However, higher risk behaviors, such as alcohol abuse 
and smoking, more common in male than female, 
may play a role in the pathophysiological process of 
COVID-19  40,41. However, it has been reported that 
hormones such as sex-specific steroids (estrogens, 
androgens and progesterone), and activity of X-linked 
genes, exert different effects on immune regulation 42. 
In fact, these modulate the innate and adaptive immune 
response to virus infection and influence the immune 
response 36,43. 
It is well known that estrogen suppresses T and B cell 
lymphopoiesis, activates B cell function and influences 
T cell development. Moreover, estrogen regulates a 
number of cytokines (such as IL-1, IL10, and IFN-γ) 
that modulate the immune response. While estrogen 
has immune-stimulatory roles, progesterone and an-
drogens are immune-suppressive and counteract the 
pathways affected by estrogen 44. In particular, proges-
terone increased IL-4, reduced IFN-γ (Th17) responses 
and reduced T cell proliferation and T cell dependent 
antibody responses. However, in CD8 T cells, pro-
gesterone reduced IFN-γ and cytotoxicity  45. Other 
possible explanation about  these differences between 
male and female subjects could be related to a higher 
number and activity of innate immune cells (including 
monocytes, macrophages, and dendritic cells, higher 
basal levels immunoglobulin and antibody responses) 
in women.
X chromosome contains several immune-related 
genes. In particular, females are mosaics for X-linked 
genes, and this contribute to generate a stronger im-
mune response (both innate and adaptive) and more 
frequent autoimmune and inflammatory diseases in 

female subjects  46. However, ACE-2 represents the 
primary route of infection of COVID-19 and it is located 
on X chromosome. It is expressed in lungs, kidneys, 
myocardium, gastrointestinal system and reproductive 
organs. Actions exerted by this enzyme consist not 
only in the conversion of Angiotensin I, but also in im-
munomodulation and prevention of lung injury, with a 
protective effect in female subjects 47. 
However, there are even behaviors which could contrib-
ute to a higher incidence for men, such as lower rates 
of hand washing, which is a recognized preventative 
measure, and delayed healthcare seeking  49. Gender 
differences are reported in symptoms by COVID-19. 
To this regard, females are more affected by hypos-
mia or anosmia and gustatory dysfunction compared 
to males 36. As for hospitalization rates, men are more 
hospitalized than women, and even the number of in-
tensive care unit (ICU) admissions are higher in men 49. 
These data appear to indicate that there may be a sex 
predisposition to Covid-19, with men more prone to be 
affected  50. In addition, Liu et al., analyzed post-trau-
matic stress symptoms (PTSS) prevalence in gender. 
This study demonstrated higher symptom prevalence 
in females, and women suffer more re-experiencing, 
negative alterations in cognition or mood and hypera-
rousal 51.

Comorbidity

Chronic kidney disease and liver dysfunction

In a study on April 2020, the prognosis of Covid-19 
patients with chronic kidney disease (CKD) and liver 
pathologies is analyzed. The authors indicate that the 
prevalence of CKD and liver pathologies is 1 and 3%, 
respectively, in COVID-19 patients  52. In particular, 
83.9% of COVID-19 patients with CKD, have a severe 
form of disease, while 57.3% of COVID-19 patients 
with liver diseases, have a severe form. The mortality in 
these two groups of patients is 53.3% in patients with 
CKD, and 17.6% in patients with liver pathologies 52. 
Despite this, it has not been unequivocally documented 
that pre-existing liver diseases can modify the course 
of the COVID-19 disease, but it is universally accepted 
that there is an increase in markers of liver damage in 
patients with COVID-19. However, the cause of this 
damage is not known  53. Some authors report that 
the virus was not found in the liver in autopsy findings, 
probably because the ACE2 receptor is not present on 
the hepatocyte membrane, and therefore liver dam-
age could be linked to drug toxicity, cytokine storm 
or hypoxia 52. Other authors, conversely, report that in 
48% of patients, the virus is in their stool, even after 
the negativity of nasopharyngeal sample, and this may 
be evidence of the presence of the virus in the portal 
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circulation. Furthermore, they reported the presence of 
the ACE2 receptor mainly in cholangiocytes, but also to 
a lesser extent in hepatocytes. This, in their view, could 
support the hypothesis of direct cytotoxic damage of 
the virus. Furthermore, given the presence of numerous 
inflammatory cells, they do not exclude the possibility of 
immune-mediated liver damage 54. 
ACE2 receptors seem to be over-expressed on tubular 
cells and dysregulation of the immune system is clas-
sically reported in patients with CKD. In particular, they 
have an altered ratio of CD4+/CD8+ T lymphocytes and 
a lower activity of natural killer cells. It should also be 
considered that some patients with CKD need to take 
glucocorticoids and immunosuppressants. This could 
explain a high disease severity in patients with CKD. In 
addition, the patients requiring dialysis treatment con-
stitutes a population with a greater risk of infection 55.

Diabetes mellitus

Patients with diabetes mellitus are typically more ex-
posed to infectious pathologies, especially bacterial 
and viral ones of the lower airways. The mechanisms 
related to this correlation are not very clear. However, 
hyperglycemia certainly determines an ineffective anti-
bacterial activity of neutrophils and also complications 
related to long-term diabetes seem to play an impor-
tant role. Diabetes mellitus has been indicated as an 
independent risk factor for the development of severe 
forms of infection even during H1N1 and MERS 56. A 
worse outcome was seen in COVID-19 patients with 
hyperglycemia than in those with euglycemia. However, 
variability in blood glucose values ​​has been widely doc-
umented, and this is due both to viral infection and to 
the use of corticosteroids. To this regard, the manage-
ment of hyperglycemia therapy, in critically ill patients, is 
a crucial factor of evaluation, because in the transition 
to insulin therapy there may be numerous fluctuations 
in blood glucose. This is a highly deleterious phenom-
enon in critically ill patients in general, and, in particular, 
in patients with COVID-19. In fact, the hypoglycemia 
enhances the innate immune response of the host with 
the mobilization of pro-inflammatory monocytes and 
this has a negative impact on cardiovascular mortality. 
Conversely hyperglycemia, makes patients more sus-
ceptible to infections. Therefore, this glycemic variability 
is predictive of high mortality in intensive care 56. Diabe-
tes is an important risk factor for COVID-19 progression 
and adverse endpoints, and it is important to manage 
in right way blood glucose, maintaining glycemic vari-
ability within 70 to 180 mg/dl. In fact, this strategy is 
associated with a significant reduction in the composite 
adverse outcomes and death 57. The prevalence of dia-
betes in patients with severe COVID-19 is up to 24% 50. 
However, COVID-19 patients with diabetes were older 

and had higher inflammation response. In particular, it 
has been reported that in COVID-19 patients with dia-
betes, there are increased leukocytes, neutrophils and 
decreased lymphocytes. Inflammatory indicators are 
more severe in patients with diabetes, such as CRP, 
procalcitonin, IL-2 receptor, IL-6, IL-8 and TNF, it is 
possible to find even increased level of urea nitrogen, 
albumin and NT-proBNP. These abnormalities sug-
gest that COVID-19 infection, may be associated with 
progressive systemic injury in patients with diabetes. 
However, these findings suggested that COVID-19 pa-
tients with diabetes, have more serious viral infection 
and are more inclined to have a bacterial co-infection. 
These elements could explain why the survival rate of 
diabetic COVID-19 patients are lower. In conclusion, 
patients with severe COVID-19 with diabetes tend to 
be particularly susceptible to receive mechanical ven-
tilation and intensive care  58. Some studies showed a 
complex link between COVID-19 and diabetes. SARS-
CoV-2 use ACE2 receptor to entry in target cells, and 
seems that hyperglycemia upregulate the expression of 
ACE2 receptor, so this could facilitate viral cell entry. 
The expression of ACE2 on pancreatic β cells can lead 
to a direct effect on β cell function, so COVID-19 could 
induce new onset of diabetes. To this regard, a study 
showed cases of Diabetic Ketoacidosis (DKA) at the 
moment of admission in hospital 59.

Arterial hypertension

Many studies in literature indicate a close relation 
between COVID-19 and arterial hypertension. One 
of these, was conducted on 1099 patients in China, 
and showed hypertension in 15% of population with 
COVID-19, that became 23.5% in severe patterns of 
COVID-19. This percentage was more than every other 
single disorder analyzed as COPD, Diabetes, chronic 
renal disease, cancer 38. In a review on May 2020, the 
prevalence of hypertension ranged from 4.5% in non-
critically ill patients to > 30% in older patients with COV-
ID-19. Therefore, it not only appears to be associated 
with COVID-19, but it could be also linked to the rate of 
severity of the disease. More studies will be needed 60. 
Different studies showed an increased risk of death in 
patient with hypertension 37,38,61. A recent retrospective 
study indicates that patients with hypertension have 
shown a higher incidence of dyspnea and impaired 
blood markers on admission. They also appear to have 
needed greater intensity of care  62. Hypertension has 
a higher prevalence in the elderly who, as previously 
mentioned, represent the age group most affected. For 
the treatment of hypertension in COVID-19 patients, 
someone initially hypothesized the possibility that 
ACEIs (angiotensin-converting enzyme inhibitors) and 
ARBs (angiotensin II receptor blockers) could facilitate 
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the infection. This theory was supported by studies in 
which this type of drug caused an increase in the ex-
pression of ACE2, a receptor involved in the process of 
entering the virus into cells 63,64. However, other authors 
have shown how, during COVID-19 infection, there is 
an over-expression of RAS (with suppression of ACE2), 
which would contribute to the progression of lung dam-
age, promoting inflammatory response and cytokine 
storm  65, cell contraction and vasoconstriction  66 and 
NADH/NADPH oxidase system  67. For this reason, it 
could be even protective to take ACEIs/ARBs during 
this disease because it could limit lung damage. For this 
reason, worldwide recommendations during this emer-
gency period, advise against suspension this type of 
drugs in patients who already used it 67. Further studies 
on this will be necessary.

CONCLUSIONS

In conclusion, by the data available in literature, we re-
ported that age (older age), comorbidity (in particular 
diabetes mellitus and hypertension), special condition 
(such as pregnancy) and male gender are crucial factor 
for evolution of COVID-19 disease. In fact, older, male 
and patients with comorbidity are characterized by 
worse outcome and higher case fatality rate. 
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