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Abstract

The pandemic of novel coronavirus disease 2019 (COVID-19) is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Diabetes mellitus is a
risk factor for developing severe illness and a leading cause of death in patients
with COVID-19. Diabetes can precipitate hyperglycaemic emergencies and cause
prolonged hospital admissions. Insulin resistance is thought to cause endothelial
dysfunction, alveolar capillary micro-angiopathy and interstitial lung fibrosis
through pro-inflammatory pathways. Autopsy studies have also demonstrated
the presence of microvascular thrombi in affected sections of lung, which may be
associated with diabetes. Chest imaging using x-ray (CXR) and computed
tomography (CT) of chest is used to diagnose, assess disease progression and
severity in COVID-19. This article reviews current literature regarding chest
imaging findings in patients with diabetes affected by COVID-19. A literature
search was performed on PubMed. Patients with diabetes infected with SARS-
CoV-2 are likely to have more severe infective changes on CXR and CT chest
imaging. Severity of airspace consolidation on CXR is associated with higher
mortality, particularly in the presence of co-morbidities such as ischaemic heart
disease. Poorly controlled diabetes is associated with more severe acute lung
injury on CT. However, no association has been identified between poorly-
controlled diabetes and the incidence of pulmonary thromboembolism in patients
with COVID-19.

Key Words: Diabetes mellitus; COVID-19; Chest X-Ray; Chest imaging using x-ray;
Computed tomography of chest
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Core Tip: COVID-19 infection can present as multifocal peripheral airspace changes on
chest imaging using x-ray (CXR). Ground-glass opacities are the most common
computed tomography finding in coronavirus disease 2019 (COVID-19). Post
admission daily bloody glucose readings are a strong predictor for COVID-19 CXR
changes that indicate poorer outcomes. Poorly controlled diabetes is associated with
increased volumes of ground-glass opacity and consolidation. Diabetes is also linked
with endothelial dysfunction and hypercoagulability, which may result in the formation
of microvascular thrombi in peripheral segments of lung.

Citation: Gangadharan S, Parker S, Ahmed FW. Chest radiological finding of COVID-19 in
patients with and without diabetes mellitus: Differences in imaging finding. World J Radiol
2022; 14(1): 13-18

URL: https://www.wjgnet.com/1949-8470/full/v14/i1/13.htm

DOI: https://dx.doi.org/10.4329/wjr.v14.i1.13

INTRODUCTION

The world is currently undergoing a significant healthcare crisis due to the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic. In March 2020,
World Health Organisation declared a pandemic caused by SARs-CoV-2. SARS-CoV-2
was named novel coronavirus disease 2019 (COVID-19). Hospitals in different
countries have been overwhelmed with patients suffering from COVID-19. So far, 2.78
million people have died as of 29* March 2021[1].

Diabetes mellitus (DM) is a risk factor associated with severe illness in SARS-CoV-2
infection, precipitating hyperglycaemic emergencies such as diabetic ketoacidosis
(DKA) and hyperosmolar hyperglycaemic state (HHS)[2]. A third of deaths in England
up to May 2020 related to COVID-19 occurred in people with DM[3]. Patients with DM
are more likely to stay longer in hospital[4]. DM can cause a deregulated immune
system predisposing to infection; the endothelial angiotensin-converting enzyme 2
(ACE2) receptor responsible for SARS-CoV-2 invasion in human cells has reduced
expression in patients of DM, possibly due to glycosylation[5]. Insulin resistance and
altered glucose homeostasis have been thought to cause alveolar capillary micro-
angiopathy and interstitial fibrosis via over-inflammation[6].

A normal chest radiograph does not exclude COVID-19 pneumonia, and no single
feature on a radiograph is diagnostic[7]. However, a combination of multifocal
peripheral airspace changes often found bilaterally may be present in COVID-19. Due
to limited PCR testing capacity in the early d of the pandemic, in addition to its low
sensitivity and waiting period of up to 2 d, many clinicians turned to chest computed
tomography (CT) for early detection of COVID-19.

Studies have reported the negative predictive value of using CT to be above 90%[8,
9]. Chest CT was used to detect subtle radiological changes consistent with COVID-19
in patients where the chest radiograph was reported to be normal or indeterminate.
Typical CT findings seen in patients with COVID-19 include peripheral ground-glass
opacities (GGO), which progresses to consolidation and interstitial thickening within
GGO areas known as ‘crazy paving pattern’[10,11]. These non-specific imaging
findings of acute lung injury are indistinguishable from other types of viral pneu-
monia or interstitial lung diseases, thereby limiting the use of CT as a confirmatory
diagnostic test in COVID-19.

This article reviews current literature regarding chest imaging changes in patients
with DM affected by COVID-19.

LITERATURE SEARCH

A literature search was conducted on PubMed using the keywords of COVID-19 or
Coronavirus; CXR or x-ray or radiograph; CT chest; CTPA or pulmonary embolism or
PE; and diabetes mellitus or diabetes within the title or abstract.
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Chest Radiography

Studies have shown chest radiographs of patients with DM to have increased bilateral
airspace consolidation compared to patients without DM[12,13]. The severity of chest
radiograph changes in patients with DM has indicated a significant correlation with
mortality, as evidenced in multivariate analysis by Cellina et al[14]. Patients with
bilateral peripheral alveolar disease (Figure 1) often present at a later stage and have a
worse outcome. However, some patients with COVID-19 have preserved lung comp-
liance despite being acutely hypoxaemic, suggesting poorer outcomes result from
processes other than alveolar damage[15].

In some studies, DM alone was not associated with an increased risk of intensive
care unit admission or death. Still, it was associated with cardiovascular disease as a
driver of poorer outcomes. Izzi-Engbeaya et al[16] studied 889 patients admitted to
London hospitals with COVID-19, and their outcomes found patients with DM were
found to have a 33% increased risk of death or ICU admission if they also have
ischaemic heart disease. Surprisingly, a similar severity of CXR changes was
demonstrated for patients with and without DM. Mozzini ef al[17] (2021) studied 50
Italian patients with COVID-19, 32% of which had DM. Patients with hypertension or
DM had 8 times greater risk of having more severe CXR changes.

COVID-19 infection in patients with DM leads to hyperglycaemia, and in some
cases leads to DKA and/or HHS|2]. It has been shown that there is a positive
correlation between daily average blood glucose readings and CXR findings. Similarly,
post-admission day-1 hyperglycaemia was found to be the strongest independent
predictor for COVID-19 CXR changes. This was a stronger predictor than age, body
mass index, and temperature[18].

Chest computed tomography

Earlier studies employed semi-quantitative methods to analyse chest computed
tomography (CT) findings (Figure 2) in patients with COVID-19[19,20]. This involved
a single, or multiple experienced radiologists blinded to clinical parameters and
assigning a score based on the severity of findings. Higher chest CT scores have been
found in patients with DM, suggesting more severe COVID-19 pneumonia when
compared with patients without DM[19]. Findings by lacobellis et al[18] suggested
day-1 hyperglycaemia as a predictor of COVID-19 severity on CXR were confirmed on
CT.

Patients with poorly-controlled DM are likely to have more severe COVID-19
pneumonia. A recent study by Lu et al[21] using a quantitative artificial intelligence
algorithm found parameters including the percentage of ground glass volume (PGV)
and percentage of consolidation volume (PCV), positively correlated with fasting
blood glucose and HbAlc. Unlike semi-quantitative methods, results using this
approach were not affected by inter- and intra-observer variability. Raoufi et al[20]
used a semi-quantitative method to study 117 patients with DM in Iran and found no
significant difference in patients with well-controlled (defined as maintaining
glycaemic variability between 3.9-10 mmol/L) and poorly-controlled DM. However,
the poorly-controlled group contained almost 4 times the number of patients (93 vs 24).
Furthermore, the median age of patients in the well-controlled group were older (75 vs
62 years) which may have been a confounding factor for this negative result[20].

Studies have shown mortality rates to be higher among patients with poorly-
controlled DM and COVID-19 than the general population with COVID-19[22,23]. In
particular, high HbAlc levels have been linked with inflammation and hyperco-
agulability, resulting in an increased mortality rate in patients with DM suffering from
COVID-19[24]. However, the accuracy of these results may be influenced by other co-
morbidities such as ischaemic heart disease and stroke. No large-scale studies have yet
shown an association between worse CT findings and mortality in DM.

A high incidence of venous and arterial thrombotic complications in critically ill
patients with COVID-19 has been reported previously[25]. Recent literature based on
autopsy studies shows that the origin of thrombotic lesions in COVID-19 is largely
unknown. Lung histopathological analysis found multiple thrombi in small to
medium pulmonary arteries giving rise to the theory of COVID-19 associated immu-
nothrombosis, contrary to the conventional thromboembolic pathomechanism of PE
[26,27]. In situ microvascular thrombosis or immunothrombosis occurs due to alveolar
injury, inflammatory storm and disruption of the thromboprotective pulmonary
vascular endothelium. COVID-19 clinical outcomes are worse in patients with diseases
associated with endothelial dysfunction such as systemic hypertension, DM and
obesity[28].
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Figure 2 Chest X-Ray. A: Typical appearances of COVID-19 infection: Bilateral peripheral consolidation (1. block arrow), multifocal groundglass opacities (2.
straight arrow); B: Some areas of smooth intralobular septal thickening (3. curved arrow).

JBaishideng®

The radiological finding of subsegmental or segmental thrombi in peripheral
segments of lung affected by acute lung injury and the absence of deep vein
thrombosis (DVT) in patients with COVID-19 infection, assumes the theory of
immunothrombosis[27]. Monfardini et al[29] found 76% of patients with a moderate-
high pre-test probability of PE and positive D-dimer level (a fibrin degradation
product measured to help diagnose thrombosis), had positive CTPA findings.
Nevertheless, only 15% of these patients were associated with ultrasound detected
lower limb DVT[29], suggesting the remainder probably represented immuno-
thrombosis. A meta-analysis of twenty-seven studies by Suh et al[30] revealed DVT
was only found in 42% of patients with PE.

As yet, no large-scale studies have reported a link between pulmonary thromboem-
bolism and DM in patients with COVID-19. Kaminetzky ef al[31] found patients with
DM were significantly less frequently observed to have CTPA examinations. Of 23
patients identified to have PE in this study, only 3 had DM; however, this finding may
be attributed to the small sample size.

CONCLUSION

DM predisposes to immune deregulation and reduced expression of the ACE2
receptor, leading to severe acute lung injury[5,6]. Studies have proven a link between
DM and more severe airspace consolidation based on chest x-ray findings[12,13].
Furthermore, CXR evidence suggests DM is associated with higher mortality in
COVID-19. The exact pathogenesis of this is unclear but may be related to
microvascular immunothrombosis[26,28].

There is now quantitative evidence to suggest poorly controlled DM is associated
with more severe lung injury on CT[21]. However, no large-scale studies have invest-
igated a direct link between CT findings and mortality in DM. Although the incidence
of PE is greater in critically ill patients with COVID-19[25], no link has been
established between poorly controlled DM and the risk of PE.
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As new research into COVID-19 is produced and evidence emerges from autopsy

studies, the understanding of pathobiology of the disease has evolved. However, there
remains scope for future research; particularly whether small pulmonary thromboses
represent venous thromboembolism, immunothrombosis, or a combination of both.
Furthermore, a direct link between DM and immunothrombosis may help to guide
future management strategies.
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