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a  b  s  t  r  a  c  t

The  pandemic  situation  with  the  emergence  of  severe  acute  respiratory  syndrome  coronavirus  2  (SARS-
CoV-2)  from  China  has  endangered  human  lives.  Coronavirus  disease  2019  (COVID-19)  is  presented  with
asymptomatic,  mild,  or severe  pneumonia-like  symptoms.  COVID-19  patients  with  diabetes,  chronic
obstructive  pulmonary  disease  (COPD),  cardiovascular  diseases  (CVD),  hypertension,  malignancies,  HIV,
and  other  comorbidities  could  develop  a life-threatening  situation.  SARS-CoV-2  utilizes  ACE-2  receptors
found  at  the  surface  of  the  host  cells  to  get  inside  the  cell.  Certain  comorbidities  are  associated  with a
strong  ACE-2  receptor  expression  and  higher  release  of  proprotein  convertase  that  enhances  the  viral
entry into  the  host  cells.  The  comorbidities  lead to  the COVID-19  patient  into  a  vicious  infectious  circle  of
life and  are  substantially  associated  with  significant  morbidity  and  mortality.  The  comorbid  individuals
must  adopt  the  vigilant  preventive  measure  and  require  scrupulous  management.  In  this  review,  we
ardiovascular diseases rigorously  focused  on the  impact  of common  morbidities  in COVID-19  patients  and  recapitulated  the
management  strategies  with  recent  directions.  We  found  limited  resources  describing  the  association  of
comorbidities  in  COVID-19;  however,  our review  delineates  the  broader  spectrum  of comorbidities  with
COVID-19  patients.

©  2020  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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Table 1
Mortality rate of COVID-19 patients with comorbidities.

S. No. Disease Country with mortality % References

China Italy USA

1 Hypertension 9.5 73.8 Not reported [13,41,53]
2  Diabetes 7.4 35.5 58 [13,52,53]
3  COPD 7 13.7 4 [13,32,53]
4  CVD 7.3 42.5 9 [41,53,54]
5  Liver diseases 2.4 3.7 0.6 [53–55]
6  Obesity 13 8.5 55 [15,41,51]
ntroduction

The Wuhan City of China evidenced unknown etiology pneu-
onia cases at the end of December 2019. On 7 January 2020, the

ausative agent was identified as a novel coronavirus (2019-nCoV),
urrently referred to as SARS-CoV-2, and coronavirus disease as
OVID-19 [1]. The disease overrun entire China and surpassed

nternational borders in no time, extending the world tally to >7
illion confirmed cases and >0.4 million deaths [2]. Coronaviruses

CoVs) classified into four genera: �-CoV, �-CoV, �-CoV, and �-
oV. Among these genera, only �-CoV and �-CoV are known to
ause diseases in mammals. �-CoVs were known to cause ter-
ible life-threatening respiratory disorders such as severe acute
espiratory syndrome (SARS) in 2003 and the Middle East respi-
atory syndrome (MERS) in 2012 [3]. SARS-CoV-2 also belongs to
-CoV, an enveloped virus with a positive sense-RNA genome is
ulpable for COVID-19 [4]. Genomic analysis of SARS-CoV-2 con-
rmed 96% of its genome similarity with bat CoV RaTG13. Early
eports on phylogenetic analysis of SARS-CoV also indicate its
imilarity with Rhinolophus affinis,  Bat-SL-CoVZC21, and then Bat-
L-CoVZC45, confirming its origin from Chinese chrysanthemum
at. The genomic sequence and evolutionary of analysis SARS-CoV-

 presented 79.5% genome resembled with SARS-CoV, and the bats
ave suggested as potential reservoirs that transferred the virus
o humans via an unidentified intermediate host. Lately, pangolin
ound to share 99% genome similarity with SARS-CoV-2 and sug-
esting to play an essential role in viral transmission and infection
5]. SARS-CoV-2 is transmitted through zoonotic animals or human
nteraction through respiratory droplets (Fig. 1).

Analyzing the clinical and epidemiological data of COVID-19
rom the last few weeks suggest that specific comorbidities increase
he risk of infection with worse lung injury and death. The most
ommon comorbidities reported up till now are hypertension, car-
iovascular diseases, and diabetes [6]. Also, a high proportion of
OVID-19 patients and other conditions in admitted ICU cases sug-
est comorbidities as a potential risk factor for COVID-19 patients
7]. In this review, we have highlighted the association of COVID-
9 with some comorbidities, including hypertension, diabetes,
besity, chronic obstructive pulmonary disease (COPD), asthma,
ardiovascular diseases (CVD), liver diseases, malignancy, human
mmunodeficiency viruses (HIV) and renal diseases. We  have also
riefly observed the morbidity, mortality, and management of
OVID-19 comorbid patients.

isks of and pathogenesis of COVID-19

SARS-CoV-2 infects people of all age groups, but individuals
ged above 60 years, along with comorbidities such as diabetes,
hronic respiratory disease, and cardiovascular diseases, are at a
igher risk of developing infection [2]. The underlying mecha-
ism of SARS-CoV-2 remains elusive; however, it is established
hat the virus utilizes ACE-2 receptors, which are found on the
urface of the host cells to get inside the cell [5]. High-plasma

ro-inflammatory cytokines, lymphopenia, and atypical respira-
ory manifestations are the attributes of COVID-19 patients with
igh-grade fever and breathing problems. Several metabolic and

nfectious diseases impact the severity of COVID-19 and play a
7  Renal diseases 0.7 20.2 21 [13,52,53]
8  Malignancy 2 5 9.5 [15,46,49]

pivotal role in establishing complex symptoms. A summary of
pathogenesis is depicted in Fig. 1 while the comorbidities and their
fatalities are shown in Fig. 2. The mortalities, symptoms, and target
sites in various morbidities in COVID-19 are mentioned in Tables 1
and 2 .

Diabetes and COVID-19

People with diabetes are inclined to get infections due to
impaired phagocytic cell capabilities. Further, several other fac-
tors increase the risk of COVID-19 in diabetic patients. An elevated
level of ACE-2 receptors found to be causally related to diabetes
by Mendelian randomization analysis; this might prejudice peo-
ple with diabetes to SARS-CoV-2 infection [8]. Furin is a type 1
membrane-bound protease expressed in high levels in diabetic
patients [9]. This proprotein convertase involved in the entry
of the virus inside the host cell by decreasing the SARS-CoV-2
dependency on human proteases. The SARS-CoV-2 spike (S) pro-
tein attach to the ACE-2 receptors is activated by the enormous
furin levels. This pre-activation of S protein allows the viral entry
into the cell and escapes from the human immune system [10].
Hence, a dysregulated immune response with increased ACE-2
receptors and furin expression may  lead to a higher lung inflam-
mation rate and lower insulin levels. The convenient entry of
virus leads to a life-threatening situation for diabetic patients
[8,9]. Moreover, the impaired function of T-cell and elevated lev-
els of interleukin-6 (IL-6) also plays a decisive role in developing
COVID-19 disease in diabetics [11]. Emerging data about COVID-19
suggests that 11–58% of all COVID-19 patients have diabetes, and
an 8% COVID-19 fatality rate has been reported in diabetic patients
[12,13]. The risk for ICU admissions in COVID-19 individuals with
diabetic comorbidity is 14.2% higher than individuals without
diabetes [7].

Obesity and COVID-19

Obesity (BMI ≥ 30 kg/m2) is linked with reduced oxygen sat-
uration of blood by compromised ventilation at the base of the
lungs. Additionally, some other characteristic features of low-grade
inflammation due to obesity may  occur, such as the abnormal

secretions of cytokines, adipokines, and interferon consequences
in compromised immune response [14]. Surprisingly, obesity was
not a risk factor for COVID-19 in the early reports from China,
Italy, and the United States [13,15,16]. Nevertheless, the high
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Fig. 1. This figure depicts the pathogenesis of SARS-CoV-2 as it is transmitted from bat through pangolin as an intermediate host and transferred from human to human.
The  virus utilizes the ACE-2 receptor present in alveolar cells in the lungs, hepatocytes, and kidneys, and affects the host’s biochemistry by entering cells. SARS-CoV-2 causes
acute  respiratory distress syndrome (ARDS) by entering into the lungs and generating cytokine storms, which can affect the circulatory system that leads to morbidity and
mortality.

lity in

n
o
n
o
t

Fig. 2. The frequency of comorbidity and its fata

umber of COVID-19 cases observed in the regions with more

bese people from Europe and North America [17]. Thus, it is
eeded to explore the relationship of obesity with the frequency
f COVID-19. Obesity is one of the less highlighted comorbidi-
ies in COVID-19 infections. Though, 47.6% of obese people get
 COVID-19 infections [13,29,32,34,37,41,51,52].

infected with COVID-19 and out of these patients, 68.6% receive

ventilation in a critical situation [18]. Hence, a high body mass
index (BMI) is a risk factor in COVID-19 severity, and obese peo-
ples should take extra care to prevent themselves in this current
pandemic.
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Table 2
Comorbidities, symptoms, and targets concerning SARS-CoV-2.

S. No. Disease SARS-CoV-2 targets Symptoms References

1 Hypertension Upregulate ACE-2 expression Increased blood pressure with
pneumonia

[20]

2  COPD Upregulate ACE-2 expression Severe hypoxemia [19]
3  CVD Impaired immune system Myocardial injury, heart attack [12,29]
4  Liver diseases ACE-2 expression in liver cells, i.e.,

cholangiocytes, endothelial cells
hepatocytes, and Kupffer cells

Elevated serum aminotransferases [31,32]

5  Malignancy Impaired immune system Adult respiratory distress syndrome [32,49]
6  Asthma Delayed innate antiviral immune

response and delayed secretion of
IFN-�

Chronic respiratory diseases along
with pneumonia-like symptoms

[22,56]

7  Renal diseases Increase secretion of enzymes,
dipeptidyl peptidase-4 and
angiotensin-converting enzyme
(ACE-2)

Acute kidney injury (AKI) [40,52]

8  HIV Antiretroviral therapy (ART) with the
impaired immune system and ACE-2
receptor in the lungs

Pneumonia like symptoms with
jaundice

[57]

9  Obesity The abnormal secretions of cytokines,
adipokines, and interferons

Chronic low-grade inflammation of
abdominal obesity with effect on
bronchi and lung parenchyma

[17,51]
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10  Diabetes ACE-2 expression, impaired T
function and increased interle
(IL-6)

OPD and COVID-19

COVID-19 illness can lead to the development of hypoxemia in
5–20% of the patients, which require ventilator support in adverse
onditions [19]. The transition in the inflammatory response,
icrobiome imbalance, weak immunity, continual mucus produc-

ion, use of respiratory corticosteroids, and structural damages are
nvolved in establishing COPD. COPD and other chronic disorders

ere also associated with SARS (1.4%) and MERS (13%) infections
3]. Although earlier studies did not report a high number of COVID-
9 cases with COPD, the expression of ACE-2 receptors is increased

n this disease, contributing to the establishment of severe symp-
oms among COVID-19 individuals, including structural damage to
ungs, weak immunity and hyper mucous production [20]. COPD
bserved in 50–52.3% of the total ICU admitted COVID-19 cases,
ead to high mortality among these patients with increased mucous
roduction and blockage of air passages [21].

sthma and COVID-19

It is known for almost 18 years that asthmatic people are more
rone to develop viral infections. If left uncontrolled, these viral

nfections can develop severe symptoms. People with asthma have
 delayed innate antiviral immune response and impaired secretion
f IFN-�, which makes people more susceptible to develop severe
omplications [22]. Asthma, along with other pulmonary chronic
iseases, were associated with SARS (1.4%) and MERS (13%), which

nduced severe symptoms [3]. Based on history, it is assumed that
sthma could be among a potent risk factor of COVID-19; however,
e did not find any specific evidence of SARS-CoV-2 in asthmatic
atients. A comparative analysis of critical and non-critical COVID-
9 patients in Wuhan revealed no significant association of SARS-
oV-2 with asthma and other self-reported allergies, such as food
llergy, atopic dermatitis, and allergic rhinitis. However, the risk of
eveloping severe disease in COVID-19 patients is associated with

sthmatic smokers, particularly geriatric individuals [23]. Though
sthma is not directly associated with COVID-19 infections, people
ith other complications and respiratory diseases are more likely

o become entangled during asthma.
6
Pneumonia like symptoms [11,58]

Hypertension and COVID-19

Uncontrolled blood pressure is associated with COVID-19 infec-
tion and also with a high case fatality rate (CFR). In China, 23%
of hypertensive COVID-19 cases were reported with 6% CFR, and
the number continuously inclined due to pandemic anxiety [24].
In patients suffering from hypertension, ACE-2 inhibitors, and
angiotensin receptor blockers (ARBs) are frequently used for the
treatment purpose. These inhibitors, when used in a high amount,
upregulate expression of the ACE-2 receptor, thereby leading
to increased susceptibility to SARS-CoV-2 infection [25]. Higher
expression of receptor cells on the lungs makes the infection more
vulnerable, and chances of severe lung injury and increased chances
of respiratory failure.

On the other hand, experimental studies suggest ACE-2 is a
potent anti-inflammatory agent and protects against lung injury,
kidney injury, and respiratory distress syndrome, which are the
common severe complications in COVID-19. The use of ACE
inhibitors and ARBs enhance ACE 2, which reduces the inflamma-
tory action of angiotensin II [26]. It is not clear either the use of ACE
inhibitors or ARB is harmful or beneficial, but it is recommended
to use these molecules to maintain the normal blood pressure. The
steps in controlling blood pressure should remain an essential con-
sideration in COVID-19 patients to reduce disease burden.

CVD and COVID-19

CVD had a strong relationship with SARS (8%) and MERS (30%)
[27,28]. Similarly, the increased prevalence of CVD observed in
COVID-19 patients, most notably among those with severe signs
and symptoms. A study in Wuhan noted 6.8% CVD non-survivors
from 191 COVID-19 patients, while another research observed
that 17% of the COVID-19 non-survivors had CVD [6,29]. Although
the mechanism behind the association between CVD and COVID-
19 is not precise, whether it is a direct or indirect relationship,
most of these COVID-19 patients reported with the compromised
immune system that is common in patients with CVDs [12]. High

risk of COVID-19 in pre-existing CVD patients might be due to
ACE-2 receptors’ presence on cardiac muscle cells, suggesting the
potential involvement of the cardiovascular system in SARS-CoV-
2 infection. Patients with CVD have a higher risk of developing
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cute coronary syndrome in acute infections. This syndrome esca-
ates the myocardial demand, which eventually led to myocardial
njury or infarction. Moreover, an increased rate of inflammatory
ytokines in COVID-19 cases mediate atherosclerosis, procoagulant
ctivation, and hemodynamic instability leading to ischemia and
hrombosis [30]. Cardiovascular comorbidities are common among
OVID-19 patients who need immediate care to reduce morbidity
nd mortality.

iver diseases and COVID-19

Liver injuries and abnormal liver biochemistry were reported
n SARS, MERS, and now in COVID-19 infections. It implies that
here is a relationship between abnormal liver enzyme secretion
nd coronavirus infection. ACE-2 receptors present on liver cells
ediate the entry of SARS-CoV-2 inside the liver cells [31]. Among

he COVID-19 cases, 43.4% found with the abnormal secretion of
spartate aminotransferase (AST), alanine aminotransferase (ALT),
nd lactic dehydrogenase (LDH) [32]. However, no patient observed
ith the characteristic intrahepatic cholestasis or hepatic failure.
nother study reported that 39.1% of COVID-19 patients exhibit
levated ALT and AST levels, and 6% have increased bilirubin levels
33]. Around 29% of the COVID-19 patients demonstrate liver injury
nd develop severe complications during later stages of infections
34]. Besides abnormal liver function tests in COVID-19, elevated
nzymes may  also be released from cardiac and body muscles.
he changes in blood chemistry usually return to normal with-
ut significant hepatic morbidity. The liver damage is presented
s a temporarily raised level of ALT and AST without hepatic fail-
re in most of the patients; however, this could be detrimental in
evere cases of COVID-19. Psychological stress, systemic inflam-
atory response, drug toxicity, and preceding hepatic diseases

ould be the underlying mechanisms of liver damage in SARS-CoV-
 infection [35]. Currently, it is not evident that the SARS-CoV-2 is
ssociated with hepatocellular damage or intrahepatic cholestasis
athophysiology.

alignancy and COVID-19

Patients suffering from any malignancy are at a higher risk of
eveloping COVID-19 infection due to the weak immune response.
ARS-CoV-2 gets an efficient replication environment in these indi-
iduals’ to initiate infection. It has been found that 58.3% of the
OVID-19 patients in a study had lung carcinoma, and 41.7% of
hem were taking immunotherapy, chemotherapy, or radiother-
py. However, none of these patients required ICU care during the
ospital stay [32]. A total of 2% fatality rate observed among the
OVID-19 cases who already had malignancies [7].

IV and COVID-19

A strain of CoV OC43 was isolated from HIV positive patients in
003, and COVs have a firm history in HIV patients [36]. People suf-
ering from HIV infection have a high risk of developing COVID-19
isease because of the compromised immune system. After the first
eport of HIV affected patient positive for SARS-CoV-2, it was pre-
umed that HIV infection is vulnerable comorbidity with COVID-19
nfection [4]. However, no significant correlation observed between
IV positive individuals having COVID-19 infections. As the out-
reak expands, few more cases of COVID-19 were reported in HIV

atients; nevertheless, all patients had mild disease without ICU
dmissions. There is no correlation between HIV and COVID-19 was
bserved in Thailand, which is one of the most HIV affected areas
4]. Formerly, it was also speculated that antiretroviral drugs have
blic Health 13 (2020) 1833–1839 1837

potent activity against SARS-CoV-2, which could be a reason behind
fewer cases of SARS-CoV-2 in HIV patients [37].

Renal diseases and COVID-19

SARS-CoV-2 affects the kidneys by direct cellular injury or sep-
sis, leading to a cytokine storm. Recently, in Guangzhou, China
scientists successfully isolated SARS-CoV-2 from the urine sample
of an infected patient, which suggests the kidneys are also a poten-
tial target for SARS-CoV-2 [38]. Acute kidney injury (AKI) observed
in 3–9% of the COVID-19 cases while it was reported in SARS (5%)
and MERS (15%) patients with a 60%–90% mortality rate [38,39].
There are chances of mortalities in addition to the risk of AKI in
COVID-19. Besides, the raised levels of blood urea nitrogen, studies
suggest that 26.7% of patients develop hematuria, 34% albumin-
uria, 63% proteinuria [40,41]. Patients with renal diseases are more
likely to suffer from COVID-19 infection due to an increase in ACE-2
expression.

Patient management and challenges

Knowing that effective antiviral medications and SARS-CoV-2
vaccines are not yet available, treating a COVID-19 patient is a
major challenge for health care staff. COVID-19 with comorbidities
leads to a vicious circle, enormous morbidity, and higher mortal-
ity in affected patients. The exposure to SARS-CoV-2 in comorbid
individuals such as suffering from diabetes (lung inflammation and
higher ACE-2 expression), CVDs (impaired heart and immune func-
tions), and COPD (mucous production and inflammatory response)
is detrimental to lungs, heart, kidneys, and liver. The complications
end up with a deleterious effect on the patient due to multiple organ
failure, shock, acute respiratory distress syndrome, heart failure,
arrhythmias, renal failure, and, eventually, mortality [42,43]. World
Health Organization (WHO) and the National Institute of Health
(NIH) have issued recommendations based on clinical evidence and
expert guidance for optimal care of COVID-19 patients [44]. Man-
agement strategies vary according to the signs and symptoms of
COVID-19 patients, e.g., those with no visible symptoms but pos-
itive for COVID-19 should be isolated at home. Patients with mild
symptoms (absence of pneumonia and hypoxia) should start inter-
vention, and the decision of inpatient and outpatient settings vary
on case to case. While patients with severe symptoms of COVID-
19 (respiratory distress) require intensive care using a ventilator
and other supportive management. Therefore, efficient manage-
ment can be accomplished by following these guidelines to manage
further transmission and reduced mortality.

Although most COVID-19 patients develop mild disease, about
20% of patients need hospitalization, and 5–8% develop severe
symptoms and need intensive care and ICU admission [45]. Dif-
ferences in ICU admission rates in different countries are based
on clinical practice and ICU admission requirements in that area;
moreover, predisposing factors such as age and comorbidity often
influence the ICU administration rates. Different countries have a
variable proportion of patients admitted to ICU as China reported
7–26%, 5–12% in Italy, and the highest rate recorded in the United
States, 81% [46,47,48]. Accurate data related to the duration of ven-
tilation is limited, but sustained mechanical ventilation for two
weeks or more is required to make patients breathe normally.

Underlying diseases, such as hypertension, CVD, diabetes,
malignancy, COPD, and asthma, have been reported as risk factors
for severe disease and also increased the mortality rate, there-

fore better management with special consideration must be given
to these patients. Most of the COVID-19 patients die due to pre-
existing comorbidity; therefore, accurate evaluation is required at
the time of hospital admission. Patients with and without comor-
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idity must be separated into two groups, and different guidelines
hould be designed for these patients. The treatment for underly-
ng diseases while treating COVID-19 must continue without any
nterruption [49].

A vigorous handwashing, social distancing, and personal
ygiene ameliorate the prevention from the COVID-19. The indi-
iduals with comorbidities should conscientiously apply personal
rotective strategies. The use of the influenza vacci+ne reduces
3%–55% risk of pneumonia in diabetic patients and could be used
o differentiate influenza and COVID-19 symptoms [50]. Due to
he compromised immunity in comorbid patients, it is advised as
ong as the patient is suffering from mild or moderate symptoms
hat can be controlled at home, these patients should stay in home
solation. In addition to isolation and social distancing, the commu-
ication between patient and physician should be optimized for the
etter management of COVID-19 comorbid patients. This study’s
trength is our more comprehensive focus on the clinically signifi-
ant commodities common in our society with an association with
OVID-19, which have not probably described in a single study.

t would be instructive for the health professionals and the com-
unity regarding the precautionary measures, comprehend the

isk of comorbidities in COVID-19 and establishing management
trategies to combat the pandemic situation. However, we  found
imited data from several counties on mortalities associated with
omorbid COVID-19 patients. The mechanisms and pathophysiol-
gy of some comorbidities in COVID-19 patients yet need further
nderstanding.

onclusion

SARS-CoV-2 affected globally a large population with
neumonia-like symptoms, and the patients with other comorbidi-
ies are utmost at the risk of infection. Critical situations develop
n individuals with hypertension, diabetes, COPD, heart diseases,

alignancies, and HIV. COPD patients develop substantially
evere symptoms and comparatively higher mortality rates. The
eticulous management of COVID-19 patients with comorbidities

n contrast to without comorbidities is emphasized to control
he jeopardy of life. The comorbid individuals must undertake
igilant preventive measures to protect themselves during the
andemic. The SARS-CoV-2 infection becomes detrimental when

t confronts a person with comorbidity, and the management of
hese patients with appropriate medical care is an imperative step
owards their survival. The use of the influenza vaccine would
elp to differentiate the influenza-like symptoms in COVID-19 and
rotects comorbid patients from influenza. The individuals with
he comorbidities should be vaccinated on a first priority subject
o the availability of SARS-CoV-2 vaccine.
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