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Abstract: Background and Objectives: In December 2019, a flu-like illness began in the Chinese city of
Wuhan. This sickness mainly affected the lungs, ranging from a minor respiratory tract infection to a
severe lung involvement that mimicked the symptoms of Severe Acute Respiratory Syndrome (SARS).
The World Health Organization (WHO) labelled this sickness as a pandemic in March 2020, after it
quickly spread throughout the world population. It became clear, as the illness progressed, that people
with concomitant illnesses, particularly diabetes mellitus (DM) and other immunocompromised
states, were outmatched by this illness. This study was aimed to evaluate the correlation between
Computed Tomographic Severity Score (CTSS) and underlying diabetes mellitus in coronavirus
disease (COVID)-19 patients. Materials and Methods: This was a hospital-based prospective study
in which a total of 152 patients with reverse transcriptase polymerase chain reaction (RT-PCR)
positive COVID status who underwent high-resolution computed tomography (HRCT) of the chest
were evaluated and categorized into mild, moderate and severe cases based on the extent of lung
parenchymal involvement. A total score from 0–25 was given, based on the magnitude of lung
involvement. Statistical analysis was used to derive a correlation between DM and CTSS, if any.
Results: From our study, it was proven that patients with underlying diabetic status had more severe
involvement of the lung as compared to non-diabetics, and it was found to be statistically significant
(p = 0.024). Conclusions: On analysis of what we found based on the study, it can be concluded that
patients with underlying diabetic status had a more prolonged and severe illness in comparison to
non-diabetics, with higher CTSS in diabetics than in non-diabetics.

Keywords: COVID-19; RT-qPCR; HRCT; diabetes mellitus; computed tomographic severity score;
immunocompromised

1. Introduction

In the Chinese city of Wuhan, the first instance of coronavirus disease 2019 (COVID-
19), which was brought on by the SARS-CoV-2 coronavirus, was discovered in December
2019. The outbreak started in the Huanan seafood and livestock market in Wuhan, in the
province of Hubei, and it gave some evidence of an animal to human transfer through
the trade in seafood and live livestock. The virus quickly spread throughout the Chinese
city of Wuhan and others by January 2020 [1]. It subsequently spread to other nations
and continents, and in March 2020, the WHO proclaimed it to be a pandemic. It has been
determined that the pathogen is a brand-new enveloped RNA coronavirus [2]. Electron
microscopy has shown that the coronavirus is a spherical virus with a diameter of ap-
proximately 125 nm. These virions feature surface-based projections that resemble clubs.
The coronavirus got its name because of these spikes, which make them resemble a solar
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corona. In the past, coronaviruses were believed to have a small involvement in human
respiratory infections that were mild and self-limiting. Every year, 15–30% of respiratory
tract infections are caused by endemic coronavirus infections in the human population [3].
The factors affecting the disease severity and mortality were still mainly unknown because
it was a new ailment. The intensity of the symptoms is thought to be affected by several
factors, including underlying health issues, patients over 65 years of age, and delayed
hospitalization. A severe coronavirus infection is thought to be more likely to occur in
patients with underlying medical conditions such as diabetes or high blood pressure. These
patients also have a higher chance of dying from COVID-19 and are likely to be more
vulnerable [4]. Despite the fact that COVID-19 has been linked to the dysfunction of nu-
merous important organs, including the kidneys, liver, heart, brain, and gastrointestinal
system, SARS-CoV-2 primarily targets the lung, and lung failure is the leading cause of
death in COVID-19 patients. The respiratory epithelium is infected with SARS-CoV-2,
which results in severe cough, increased mucus production, breathlessness, tightness of
the chest, and wheezing. Pneumonia, the development of Acute Respiratory Distress
Dyndrome (ARDS), and respiratory failure necessitating mechanical ventilation are the
hallmarks of severe COVID-19 [5]. The severity of COVID-19 disease is exacerbated by
the presence of underlying comorbidities. Moreover, these patients have a higher risk of
hospitalization and an increased need for ICU admissions and ventilators. While they
typically have the worst prognosis, individuals with infirmities should take all essential
steps to prevent contracting SARS-CoV-2. These safety measures include avoiding close
contact with others and practicing social distancing, regularly washing hands with soap
and water or using an alcohol-based hand sanitizer, donning a face mask in public settings
and avoiding being out in public unless absolutely essential [6]. Approximately 537 million
individuals throughout the world have diabetes mellitus (DM), according to statistics [7].
India has been dubbed the “Diabetes Capital of the World” due to the high incidence of
DM. In the Southeast Asian area, it is anticipated that the prevalence of diabetes will rise to
11.3% among people between the ages of 20 and 79. About 77 million Indian individuals
had diabetes overall as of 2019, and by 2030, it is projected that this figure will increase to
100 million [8]. Patients with a CTSS of >18 have a greater probability of dying, and this
score is a reliable predictor of mortality. Using an ideal CTSS cutoff in the visual scoring
of lung involvement, the likelihood of mortality for COVID-19 patients could be precisely
predicted [9]. The identification and continual evaluation of COVID-19 rely heavily on
HRCT. In patients with COVID-19 pneumonia, the imaging findings include ground-glass
opacities and/or consolidations. It has been determined that respiratory failure brought on
by diffuse alveolar injury is the main cause of death. The production of hyaline membrane
and severe inflammatory exudates in intra-alveolar spaces are correlated with the ground
glass opacities. It was also discovered that people who died had severity scores that were
greater than people who only had mild to moderate sickness [10]. China has been acknowl-
edged as having made progress in the outbreak’s containment. The ability of China to
effectively combat this disease is due to its robust economy, an abundance of economic
resources, a strong government, efficient policy execution, and national cohesion. China
took drastic measures to stop the spread of the disease by segregating suspected patients,
keeping a tight eye on contacts, collecting data effectively, and developing diagnostic and
treatment methods quickly and effectively. To contain the pandemic, enormous quarantine
facilities were constructed and set aside [11].

This study aimed to establish an association between the severity of COVID-19
and DM.

2. Materials and Methods
2.1. Study Design

The study was a prospective one carried out in a tertiary care hospital, namely SKIMS
Soura. IEC clearance was obtained. The IEC number of our study is IEC-SKIMS/2022-466.
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2.2. Inclusion Criteria

All patients with RT-PCR proven COVID-19 status who had undergone HRCT chest
scans.

2.3. Exclusion Criteria

Patients with severe motion artefacts precluding CTSS assessment and those who had
undergone contrast study.

2.4. Data Collection

The investigation of choice for diagnosis of COVID-19 is RT-PCR. Patients who had
been diagnosed with COVID were subjected to HRCT chest scans. HRCT scans were
performed between the 5th and 10th day after the onset of symptoms. Using 64-slice
multidetector CT (SOMATOM, Siemens Health liners, Erlangen, Germany), HRCT chest
scans were obtained with patients in the supine position and breath-holding. The following
parameters were used: tube voltage of 120 kV, tube current of 100–200 mAs, collimation of
1.5–2.5 mm, and slice thickness of 1–2 mm. The HRCT chest scans were analyzed using
lung and mediastinal window reconstruction algorithms. The data from the HRCT lung
studies of 152 patients performed between March and June 2021, during the second wave
of COVID-19, were prospectively collected and inspected to determine the connection
between diabetes and COVID-19 severity. An experienced radiologist scrutinized the
data to determine the CTSS of the COVID-19 lung infection. A numerical CT score was
computed based on the grade of lung parenchymal involvement (range: 0–5 for each
lobe; total score range: 0–25). CT severity score (CTSS), when computed, helps to classify
patients into mild (0–11/25), moderate (12–18/25), and severe (>18/25) (Table 1). The lung
lobar involvement was set side by side between diabetic and non-diabetic patients based
on CTSS.

Table 1. Tabular representation of grading of COVID-19 patients based on CTSS.

CLASS CTSS (out of 25)

MILD 0–11

MODERATE 12–18

SEVERE >18

2.5. Statistical Analysis

The categorical variables were presented in the form of numbers and percentages (%).
On the other hand, the quantitative data with normal distribution were presented as the
means ± SD, and the data with non-normal distribution as median with 25th and 75th
percentiles (interquartile range). The data normality was checked by using the Kolmogorov–
Smirnov test. For the cases in which the data were not normal, we used nonparametric tests.
The following statistical tests were applied for the results: The comparisons of the variables
that were quantitative and not normally distributed in nature were analyzed using the
Kruskal–Wallis test, and variables that were quantitative and normally distributed in nature
were analyzed using ANOVA. Univariate and multivariate logistic regression was used
to identify significant risk factors for a moderate/severe CTSS (Table 2). Data entry was
performed in Microsoft EXCEL spreadsheet, and the final analysis was conducted with the
use of Statistical Package for Social Sciences (SPSS) software ver. 25.0 (IBM, Chicago, IL,
USA). A p value of less than 0.05 was considered statistically significant.
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Table 2. Univariate logistic regression to identify significant risk factors of moderate/severe CTSS.

Variable Beta
Coefficient Standard Error p Value Odds

Ratio

Odds
Ratio Lower
Bound (95%)

Odds
Ratio Upper
Bound (95%)

Gender
Female 1.000
Male −0.040 0.339 0.905 0.960 0.494 1.866

Diabetics 0.973 0.397 0.014 2.645 1.214 5.761

3. Results

In our study, a total of 152 patients were enrolled. Out of these, 98 were males and 54
were females (approximately 65% males and 35% females, as depicted in Table 3).

Table 3. Distribution of demographic and baseline characteristics of study.

Demographic and Baseline Characteristics

Age (Years) Frequency Percentage

≤20 years 01 0.66%
21–40 years 26 17.11%
41–60 years 86 56.58%
61–80 years 37 24.34%
>80 years 02 01.32%

Mean ± SD 52.9 ± 13.7
Median (25th–75th percentile) 50 (45–61.25)

Range 18–88
Gender
Female 54 35.53%
Male 98 64.47%

Diabetics 37 24.34%

A total of 37 patients were diabetics (24.34%). Of these 152 patients, just one was
below 20 years of age, and most of the patients were in the age group from 41–60 years,
with a mean age of 53 years. Furthermore, in our study, 25 patients (16%) were or had a
history of being smokers with varying pack years. Approximately 28 patients (18%) were
on antihypertensives, although their blood pressure was under control. As many as five
patients had chronic kidney disease (3.2%). Additionally, 12 patients were on inhalers for
COPD (7.8%). Four patients were undergoing treatment for hematological malignancies
(2.6%). In this study, three patients (1.9%) had incidental detection of lung masses, and two
patients (1.3%) had lung nodules.

Patients were labelled into mild (0–11), moderate (12–18), and severe (>18) categories
based on the severity of lung involvement (Figure 1).

Multivariate logistic regression was carried out to identify significant risk factors for
moderate/severe CTSS (Table 4).

Table 4. Multivariate logistic regression to identify significant risk factors for moderate/severe CTSS.

Variable Beta
Coefficient

Standard
Error

p
Value

Odds
Ratio

Odds
Ratio Lower
Bound (95%)

Odds
Ratio Upper
Bound (95%)

Diabetics 0.886 0.425 0.037 2.426 1.054 5.584

Moderate and severe categories were classified into one category, and the association
between DM and severe COVID-19 was calculated. Out of 152 patients with COVID-19,
77 (50.66%) had a mild score; 68 (44.74%) patients had a score of 12–18, which suggests
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moderate involvement, and the remaining 7 (4.61%) patients had a severe form of lung
parenchymal involvement (Table 5).
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Table 5. Association of CT severity score in patients with and without DM.

CT Severity
Score

Patients without
DM (n = 115)

Patients with
DM (n = 37) Total p Value

0–11 {Mild} 65
(56.52%)

12
(32.43%)

77
(50.66%)

0.02412–18
{Moderate}

46
(40%)

22
(59.46%)

68
(44.74%)

>18 {Severe} 4
(3.48%)

3
(8.11%)

7
(4.61%)

Total 115
(100%)

37
(100%)

152
(100%)

Of the patients without diabetes, 65 (56.62%) were affected by a mild form of COVID-
19, 46 (40%) had moderate disease, and four (3.48%) had a severe form of lung involvement
as per CTSS scores (Table 5). Of patients with diabetes, 22 (59.46%) had a moderate and
three (8.11%) had severe form of the disease (Figure 2). This relationship between COVID-19
infection and serious lung involvement was statistically significant (p = 0.024).

Additionally, it was found that lung involvement in COVID-19 was more severe in
diabetics than in non-diabetics (as depicted in Table 5). Axial and coronal CT images of the
patients depicted grading of COVID-19 infection (Figure 3).

Furthermore, it was found in our study that the mean duration of hospital stays of
diabetics afflicted by COVID-19 was much higher than that of non-diabetics. We also noted
longer recovery times for those COVID patients with underlying diabetes.
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Figure 3. Axial and coronal cuts of patients with varying degrees of involvement of lung fields
from severe to mild. (A,B) Coronal and axial cuts of a patient with severe involvement of the lung.
(C,D) Coronal and axial cuts depicting moderate disease. (E,F) Mild involvement of lung field in a
non-diabetic patient. The patient with severe lung involvement was the one who had underlying
diabetes mellitus, clearly depicting severe involvement of lung fields.

4. Discussion

As per the data currently available, it is proven beyond doubt that underlying diabetic
status significantly affects the clinical outcome of COVID-19 patients. Diabetics who
contract COVID-19 have worse prognosis and a higher risk of death, although it has been
found that symptomatology between diabetics and non-diabetics does not vary much in
patients with COVID-19. Diabetes and other chronic diseases continue to present one of
the biggest problems for healthcare professionals in terms of meeting patient’s on-going
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needs. According to studies, preventing dysglycemia in diabetics can delay or even stop the
development of their problems [12]. There is a high prevalence of diabetes in hospitalized
COVID-19 patients. Moreover, underlying diabetes is a risk factor for higher mortality,
especially in severely sick patients. Furthermore, it has been found that there is higher
morbidity and mortality in diabetics who contract COVID-19 [13]. Diabetic patients with
COVID-19 have a substantially higher mortality rate (15 vs. 2.3%) compared to COVID-19
patients without diabetes. Only a few research studies have demonstrated the link between
diabetes and higher mortality risk (22–31% vs. 2–4%) [14]. The Computed Tomographic
Severity Score (CTSS) is an indicator to gauge the severity of COVID-19 pneumonia [15].
Lower lobes of the lung, specifically the medial basal and lateral basal segments of the lung
in both the right and left lower lobes, as well as the superior lingular segment, were the
lobes most often afflicted [16].

Diabetic individuals showed a greater level of lung involvement than those without
diabetes, which suggested a more serious lung infection, according to the quantifiable CT
lung parenchymal involvement score [17]. A review of meta-analyses of various studies has
shown that there is an association between COVID-19 and diabetic patients. The existence
of chronic obstructive airway disease (COAD), acute kidney injury (AKI), underlying
cardiac illness, advanced age, smoking and elevated BMI are additional variables that have
been linked to poor outcomes in COVID-19 patients [18]. In a study conducted by the
Chinese CDC, it was found that diabetics had a higher case fatality rate of 7.3%, in contrast
to 2.3% in patients without diabetes. According to the Italian National Institutes of Health,
35.5% of patients who died from SARS-CoV-2 infection had diabetes [19]. Numerous other
research studies have discovered that people with severe COVID-19 had a higher risk of
developing diabetes, with some studies showing a two-fold increased risk. According
to research by Wuhan Union Hospital using COVID-19 data, 21.2% of participants had
diabetes, with radiographs showing advanced illness. Additionally, research from Italy
similarly showed a 7.2% case fatality rate. Another study of ICU patients revealed that
diabetes, hypertension, and cardiovascular disease were most frequently linked to serious
illness [20].

There are clinically diagnosed stages of sickness in COVID-19 patients: the viremic
stage, the acute stage, and the recovery stage. The joint action of the immune system’s
innate and adaptive mechanisms is responsible for this clinical result. Viral infections are
recognized by the innate immune system through toll-like receptors (TLRs). The generation
of type I interferons and NK cell defensive mechanisms then occurs. The production of
antibodies by the adaptive immune system limits the persistence of infection. Lymphope-
nia observed during the acute stage of COVID-19 disease is caused by CD4+ and CD8+
apoptosis. The percentage of CD4+ and CD8+ T-cells in patients with COVID-19 was much
lower than it was in the control group, according to the results of immunophenotyping [21].
The poor clinical outcomes in patients with diabetes and cardiovascular diseases afflicted
with COVID-19 appear to be due to the down-regulation of the ACE2 protein. Human
ACE2 is mostly expressed in the small intestine, adipose tissue, kidneys, lungs, and nasal
epithelium. High levels of ACE2 expression in nasal mucosa are consistent with clinical
findings indicating symptomatic COVID-19 patients have higher viral loads in their nasal
cavities than in their throats, which may explain why some patients report losing their
sense of smell. The ectodomain of ACE2 is a dissolvable protein that, despite maintaining
its catalytic function, can be discovered in blood in the circulatory system [22]. Without a
shadow of a doubt, people with hypertension or over the age of 60 have greater needs for
both invasive and non-invasive ventilation [23].

Onder et al. observed that out of 355 patients who died due to COVID-19 in Italy,
diabetic status accounted for the most common comorbidity (35.5%) attributed to COVID-
19 death, followed by cardiac ischemic diseases (30%) [24]. Wang G. et al. found higher
chances of diabetes in those with severe disease (10.8% vs. 5.4%) [25]. In Wuhan, Wang D.
et al. noticed that patients who were in need of ICU treatment (n = 36) were more likely to
have diabetes than patients who did not require ICU care (n = 102) (22.2% vs. 5.9%) [26].
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In their study, Wu et al. noted an increased incidence of SARS in COVID-19 patients
who had underlying diabetic status than in non-diabetics. Furthermore, it was found
that among those who had developed SARS, those that were diabetic were more likely to
experience death. It is unclear how diabetes worsens COVID-19, but multiple factors may
play a role [27]. NK cells are a crucial type of effector in innate immunity. The function
of these cells is crucial for adaptive immunity. These cells can also activate or suppress
T-cell responses. Ineffective T cell, NK cell and complement action causes inadequate viral
clearance and hence may play a role [28]. Adaptive and innate immunity are influenced
by dysglycemia in diabetics, which might explain the increased incidence of viral and
bacterial infections involving the lung in these patients [29]. COVID-19, beyond doubt,
has been proven to be a pro-inflammatory state and thus might aggravate the cytokine
storm. It is regarded as the root cause of ARDS and systemic dysfunction [30]. Adipokines
have been discovered to play a significant role in how diabetics who also have COVID-19
fare [31]. Given this, it is important to note that in Type 2 diabetes, aberrant adipokine and
cytokine production, and reduced immunity are all associated with an increased risk of
infection [32]. Increased SARS-CoV-2 pathogenicity, which has been connected to diabetes,
has been linked to higher plasminogen levels.

Diabetic patients are more likely to develop an aggressive form of coronavirus disease
when their serum plasminogen levels are higher [33]. Serum levels of IL-6, ferritin, ESR,
CRP, D-dimer and fibrinogen are significantly higher, as COVID-19 is an inflammatory
and prothrombotic state [34]. An increase in ferritin, a protease enzyme associated with
coronavirus entry into cells, may be the cause of increased viral replication in diabetes [35].
Patient care in diabetics should be improved to prevent morbidity issues and death [36]. For
diabetics, self-care involves becoming aware of the complexity of their illness and acquiring
the tools they need to manage it. Self-monitoring gives insight into one’s current glycemic
state, enabling therapeutic evaluation and directing changes to one’s diet, exercise routine,
and prescriptions in order to attain proper glycemic control [37]. Since the dysglycemia
associated with diabetes is known to hinder patient recovery, diabetes and the COVID-19
condition may work in concert to adversely impair the patient’s prognosis. It is possible that
COVID-19 and diabetes have a reciprocal connection, with SARS-CoV-2 either aggravating
existing diabetes or causing those who are not diabetic to develop it. SARS-CoV-2 penetrates
cells via the ACE2 pathway, and as ACE2 is extensively expressed in the liver and pancreas,
it may have a role in insulin resistance and decreased insulin production. The genesis and
evolution of human diabetes are mostly dependent on beta-cell dysfunction because of the
cumulative effects of hereditary and acquired factors [38].

There is no doubt that the pancreas of people with diabetes has a lower number of islet
cells or a reduced number of beta cells. A crucial component of appropriate and proper
beta-cell function is normal beta-cell integrity. Diabetes patients have been shown to have a
beta-cell mass of less than 60%. Although beta-cell mass is known to be significant, Type 2
diabetes mellitus etiopathogenesis is more strongly associated with beta-cell number [39].
To reiterate, SARS-CoV-2 penetrates cells via the ACE2 pathway, and as ACE2 is extensively
expressed in the liver and pancreas, it may have a role in insulin resistance and decreased
insulin production [40]. Increased oxidative damage and inflammation caused by high
blood sugar levels have been seen to alter the expression of genes linked to aberrant insulin
production and an increase in apoptosis. Damage to mitochondria, cell proteins, nucleic
acids, and lipids results from oxidative stress. Additionally, all of this results in endoscopic
reticulum stress, which in Type 2 diabetes mellitus causes beta-cell death. Pancreatic beta-
cell infection in susceptible people may eventually result in beta-cell autoimmunity [41].
After the COVID-19 outbreak has passed, we might witness a rise in the prevalence of
autoimmune diabetes. Although we are well-versed in the immediate concerns of COVID-
19 patients, its long-term effects also demand vigilance. The length of stay in the hospital
was prolonged in diabetics patients as compared to non-diabetics [42].

Diabetic patients have longer hospital stays and a higher incidence of complications.
Numerous studies have conclusively shown that diabetics do have longer hospital stays
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and greater admission rates (2–6 times higher than non-diabetics). Hospitalization rates
and length of stay have been observed to be correlated with serum levels of HbA1c, insulin
demand, duration of diabetes, and presence of complications, and the worse these factors,
the worse will be the outcome of the patient [43]. Although the increasing problems in
diabetes are still not fully understood, the immune system may contribute to the worsening
of the condition. Since IL-6 can trigger an immune response and the formation of effector T
cells, it is known to defend against infections [44]. The synthesis of acute phase reactants
such as serum amyloid A, fibrinogen, C-reactive protein (CRP), haptoglobin, and alpha
1-antichymotrypsin is induced by IL-6, which is first produced in a local lesion during
the early stages of inflammation [45]. It is also known that IL-6 alters the control of iron
absorption and increases hepatic hepcidin synthesis. Additionally, it has been discovered
that IL-6 increases VEGF synthesis, which promotes angiogenesis and increases vascular
permeability [46].

Limitations

The limitations of our study were the limited sample size. In order to draw broader
conclusions, further research including a larger sample size of individuals with complex
clinical and laboratory correlations will be beneficial.

5. Conclusions

Our study has proven beyond doubt that diabetics are at escalated risk of developing
a drastic form of COVID-19 illness. Any diabetic who has contracted COVID-19 should
have strict glycemic control to avoid life-threatening complications thereof. Henceforth,
diabetes is and should be considered one of the most important risk factors for developing
a severe form of COVID-19 illness. Thus, the best way to reduce morbidity and mortality
in diabetics is to avoid exposing them to COVID-19 positive patients.

Author Contributions: Conceptualization, M.B.; methodology, M.B., W.I. and I.R.; software, M.B.;
validation, M.B., W.I. and I.R.; formal analysis, M.B., W.I., T.R.B., F.A.A.-M., H.A.E.-S., C.V. and
I.R.; investigation, F.A.A.-M., H.A.E.-S., C.V. and M.B.; data curation, M.B., W.I., T.R.B. and I.R.;
writing—original draft preparation, M.B., W.I., T.R.B. and I.R.; writing—review and editing. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of SKIMS (IEC
number of our study is IEC-SKIMS/2022-466) for studies involving humans.

Informed Consent Statement: Not applicable.

Acknowledgments: The authors would like to extend their sincere appreciation to the Researchers
Supporting Project Number (RSP2023R24), King Saud University, Riyadh, Saudi Arabia. We sincerely
appreciate Sheikh Mansoor Shafi Department of Human Genetics at SKIMS for proofreading the
manuscript and for insightful advice and suggestions prior to publication.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Mohan, B.S.; Nambiar, V. COVID-19: An insight into SARS-CoV-2 pandemic originated at Wuhan City in Hubei Province of

China. J Infect. Dis. Epidemiol. 2020, 6, 146. [CrossRef]
2. Hu, B.; Guo, H.; Zhou, P.; Shi, Z.L. Characteristics of SARS-CoV-2 and COVID-19. Nat. Rev. Microbiol. 2021, 19, 141–154.

[CrossRef] [PubMed]
3. Fehr, A.R.; Perlman, S. Coronaviruses: An overview of their replication and pathogenesis. Coronaviruses Methods Mol. 2015, 1282,

1–23.
4. Chidambaram, V.; Tun, N.L.; Haque, W.Z.; Majella, M.G.; Sivakumar, R.K.; Kumar, A.; Hsu, A.T.; Ishak, I.A.; Nur, A.A.; Ayeh,

S.K.; et al. Factors associated with disease severity and mortality among patients with COVID-19: A systematic review and
meta-analysis. PLoS ONE 2020, 15, e0241541. [CrossRef]

http://doi.org/10.23937/2474-3658/1510146
http://doi.org/10.1038/s41579-020-00459-7
http://www.ncbi.nlm.nih.gov/pubmed/33024307
http://doi.org/10.1371/journal.pone.0241541


Medicina 2023, 59, 472 10 of 11

5. Upadhya, S.; Rehman, J.; Malik, A.B.; Chen, S. Mechanisms of lung injury induced by SARS-CoV-2 infection. Physiology 2022, 37,
88–100. [CrossRef]

6. Sanyaolu, A.; Okorie, C.; Marinkovic, A.; Patidar, R.; Younis, K.; Desai, P.; Hosein, Z.; Padda, I.; Mangat, J.; Altaf, M. Comorbidity
and its impact on patients with COVID-19. SN Compr. Clin. Med. 2020, 2, 1069–1076. [CrossRef]

7. Saeedi, P.; Petersohn, I.; Salpea, P.; Malanda, B.; Karuranga, S.; Unwin, N.; Colagiuri, S.; Guariguata, L.; Motala, A.A.; Ogurtsova,
K.; et al. Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results from the
International Diabetes Federation Diabetes Atlas. Diabetes Res. Clin. Pract. 2019, 157, 107843. [CrossRef]

8. Paulsamy, P.; Ashraf, R.; Alshahrani, S.H.; Periannan, K.; Qureshi, A.A.; Venkatesan, K.; Manoharan, V.; Govindasamy, N.;
Prabahar, K.; Arumugam, T.; et al. Social support, self-care behaviour and self-efficacy in patients with Type 2 diabetes during the
COVID-19 pandemic: A cross-sectional study. Healthcare 2021, 9, 1607. [CrossRef]

9. Zakariaee, S.S.; Salmanipour, H.; Naderi, N.; Kazemi-Arpanahi, H.; Shanbehzadeh, M. Association of chest CT severity score
with mortality of COVID-19 patients: A systematic review and meta-analysis. Clin. Transl. Imaging 2022, 10, 663–676. [CrossRef]

10. Lee, J.H.; Hong, H.; Kim, H.; Lee, C.H.; Goo, J.M.; Yoon, S.H. CT Examinations for COVID-19: A Systematic Review of Protocols,
Radiation Dose, and Numbers Needed to Diagnose and Predict. J. Korean Soc. Radiol. 2021, 82, 1505–1523. [CrossRef]

11. Zhu, H.; Wei, L.; Niu, P. The novel coronavirus outbreak in Wuhan, China. Glob. Health Res. Policy 2020, 5, 6. [CrossRef]
12. Caballero, A.E.; Ceriello, A.; Misra, A.; Aschner, P.; McDonnell, M.E.; Hassanein, M.; Ji, L.; Mbanya, J.C.; Fonseca, V.A. COVID-19

in people living with diabetes: An international consensus. J. Diabetes Its Complicat. 2020, 34, 107671. [CrossRef]
13. Corona, G.; Pizzocaro, A.; Vena, W.; Rastrelli, G.; Semeraro, F.; Isidori, A.M.; Pivonello, R.; Salonia, A.; Sforza, A.; Maggi, M.

Diabetes is most important cause for mortality in COVID-19 hospitalized patients: Systematic review and meta-analysis. Rev.
Endocr. Metab. Disord. 2021, 22, 275–296. [CrossRef]

14. Yoo, S.J.; Goo, J.M.; Yoon, S.H. Role of Chest Radiographs and CT Scans and the Application of Artificial Intelligence in
Coronavirus Disease 2019. J. Korean Soc. Radiol. 2020, 81, 1334–1347. [CrossRef]

15. Sayeed, S.; Faiz, B.Y.; Aslam, S.; Masood, L.; Saeed, R. CT Chest Severity Score for COVID 19 Pneumonia: A Quantitative Imaging
Tool for Severity Assessment of Disease. J. Coll. Physicians Surg. Pak. 2021, 31, 388–392.

16. Rangankar, V.; Koganti, D.V.; Lamghare, P.; Prabhu, A.; Dhulipala, S.; Patil, P.; Yadav, P. Correlation between ct severity scoring
and diabetes mellitus in patients with COVID-19 infection. Cureus 2021, 13, e20199. [CrossRef]

17. Dessie, Z.G.; Zewotir, T. Mortality-related risk factors of COVID-19: A systematic review and meta-analysis of 42 studies and
423,117 patients. BMC Infect. Dis. 2021, 21, 855. [CrossRef]

18. Ssentongo, P.; Zhang, Y.; Witmer, L.; Chinchilli, V.M.; Ba, D.M. Association of COVID-19 with diabetes: A systematic review and
meta-analysis. Sci. Rep. 2022, 12, 20191. [CrossRef]

19. Yang, Y.; Zhong, W.; Tian, Y.; Xie, C.; Fu, X.; Zhou, H. The effect of diabetes on mortality of COVID-19: A protocol for systematic
review and meta-analysis. Medicine 2020, 99, e20913. [CrossRef]

20. Angelidi, A.M.; Belanger, M.J.; Mantzoros, C.S. Commentary: COVID-19 and diabetes mellitus: What we know, how our patients
should be treated now, and what should happen next. Metab.-Clin. Exp. 2020, 107, 154245. [CrossRef]

21. Fathi, N.; Rezaei, N. Lymphopenia in COVID-19: Therapeutic opportunities. Cell Biol. Int. 2020, 44, 1792–1797. [CrossRef]
[PubMed]

22. Obukhov, A.G.; Stevens, B.R.; Prasad, R.; Li Calzi, S.; Boulton, M.E.; Raizada, M.K.; Oudit, G.Y.; Grant, M.B. SARS-CoV-2
infections and ACE2: Clinical outcomes linked with increased morbidity and mortality in individuals with diabetes. Diabetes
2020, 69, 1875–1886. [CrossRef]

23. Das, S.; Anu, K.R.; Birangal, S.R.; Nikam, A.N.; Pandey, A.; Mutalik, S.; Joseph, A. Role of comorbidities like diabetes on severe
acute respiratory syndrome coronavirus-2: A review. Life Sci. 2020, 258, 118202. [CrossRef] [PubMed]

24. Abdi, A.; Jalilian, M.; Sarbarzeh, P.A.; Vlaisavljevic, Z. Diabetes and COVID-19: A systematic review on the current evidences.
Diabetes Res. Clin. Pract. 2020, 166, 108347. [CrossRef] [PubMed]

25. Liu, Z.; Li, J.; Huang, J.; Guo, L.; Gao, R.; Luo, K.; Zeng, G.; Zhang, T.; Yi, M.; Huang, Y.; et al. Association between diabetes
and COVID-19: A retrospective observational study with a large sample of 1,880 cases in Leishenshan Hospital, Wuhan. Front.
Endocrinol. 2020, 11, 478. [CrossRef]

26. Landstra, C.P.; de Koning, E.J. COVID-19 and diabetes: Understanding the interrelationship and risks for a severe course. Front.
Endocrinol. 2021, 12, 649525. [CrossRef]

27. Hussain, A.; Bhowmik, B.; do Vale Moreira, N.C. COVID-19 and diabetes: Knowledge in progress. Diabetes Res. Clin. Pract. 2020,
162, 108142. [CrossRef]

28. Paust, S.; Senman, B.; Von Andrian, U.H. Adaptive immune responses mediated by natural killer cells. Immunol. Rev. 2010, 235,
286–296. [CrossRef]

29. Chávez-Reyes, J.; Escárcega-González, C.E.; Chavira-Suárez, E.; León-Buitimea, A.; Vázquez-León, P.; Morones-Ramírez, J.R.;
Villalón, C.M.; Quintanar-Stephano, A.; Marichal-Cancino, B.A. Susceptibility for some infectious diseases in patients with
diabetes: The key role of glycemia. Front. Public Health 2021, 9, 559595. [CrossRef]

30. Ye, Q.; Wang, B.; Mao, J. The pathogenesis and treatment of the ‘Cytokine Storm’ in COVID-19. J. Infect. 2020, 80, 607–613.
[CrossRef]

31. Jaganathan, R.; Ravindran, R.; Dhanasekaran, S. Emerging role of adipocytokines in type 2 diabetes as mediators of insulin
resistance and cardiovascular disease. Can. J. Diabetes 2018, 42, 446–456.e1. [CrossRef]

http://doi.org/10.1152/physiol.00033.2021
http://doi.org/10.1007/s42399-020-00363-4
http://doi.org/10.1016/j.diabres.2019.107843
http://doi.org/10.3390/healthcare9111607
http://doi.org/10.1007/s40336-022-00512-w
http://doi.org/10.3348/jksr.2021.0096
http://doi.org/10.1186/s41256-020-00135-6
http://doi.org/10.1016/j.jdiacomp.2020.107671
http://doi.org/10.1007/s11154-021-09630-8
http://doi.org/10.3348/jksr.2020.0138
http://doi.org/10.7759/cureus.20199
http://doi.org/10.1186/s12879-021-06536-3
http://doi.org/10.1038/s41598-022-24185-7
http://doi.org/10.1097/MD.0000000000020913
http://doi.org/10.1016/j.metabol.2020.154245
http://doi.org/10.1002/cbin.11403
http://www.ncbi.nlm.nih.gov/pubmed/32458561
http://doi.org/10.2337/dbi20-0019
http://doi.org/10.1016/j.lfs.2020.118202
http://www.ncbi.nlm.nih.gov/pubmed/32758625
http://doi.org/10.1016/j.diabres.2020.108347
http://www.ncbi.nlm.nih.gov/pubmed/32711003
http://doi.org/10.3389/fendo.2020.00478
http://doi.org/10.3389/fendo.2021.649525
http://doi.org/10.1016/j.diabres.2020.108142
http://doi.org/10.1111/j.0105-2896.2010.00906.x
http://doi.org/10.3389/fpubh.2021.559595
http://doi.org/10.1016/j.jinf.2020.03.037
http://doi.org/10.1016/j.jcjd.2017.10.040


Medicina 2023, 59, 472 11 of 11

32. Daryabor, G.; Atashzar, M.R.; Kabelitz, D.; Meri, S.; Kalantar, K. The effects of type 2 diabetes mellitus on organ metabolism and
the immune system. Front. Immunol. 2020, 11, 1582. [CrossRef]
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