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Evidence suggests severe coronavirus disease-19 (COVID-19) infection is characterised by pulmonary and sys-
temic microvasculature dysfunction, specifically, acute endothelial injury, hypercoagulation and increased
capillary permeability. Diabetes, which is also characterised by vascular injury in itself, confers an increased risk
of adverse COVID-19 outcomes. It has been suggested that pre-existing endothelial dysfunction and microvas-
cular disease in diabetes will exacerbate the vascular insults associated with COVID-19 and thus lead to increased
severity of COVID-19 infection. In this article, we evaluate the current evidence exploring the impact of
microvascular complications, in the form of diabetic retinopathy and nephropathy, in individuals with COVID-19

and diabetes. Future insights gained from exploring the microvascular injury patterns and clinical outcomes may
come to influence care delivery algorithms for either of these conditions.

1. Introduction

Coronavirus disease 2019 (COVID-19), initially identified in Wuhan,
China, is caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) which is a single-stranded RNA virus and is believed to be
of zoonotic origin (Asselah et al., 2021). Since COVID-19 was declared
by the World Health Organization as a global pandemic in March 2020
(WHO, 2020), the total number of reported cases has surpassed 102
million and with a death toll in excess of 2 million individuals (WHO,
2021). Individuals with COVID-19 may present in a wide-spectrum of
severity, requiring individualised management. The majority exhibit
mild COVID-19 infection and present with fever, cough and dyspnoea
(Huang et al., 2020a). However, approximately 5% of people develop
severe forms of the disease requiring hospitalisation (Beltran-Garcia
et al., 2020). The respiratory tract is predominantly affected, and res-
piratory failure is the leading cause of death in COVID-19 (Torres Acosta
and Singer, 2020). However, extrapulmonary organ involvement has
also been observed which may relate to the extensive distribution of
angiotensin-converting enzyme 2 receptor, the receptor responsible for
SARS-CoV-2 host cell invasion across body systems (Shang et al., 2020).

In its severe form, COVID-19 is associated with an excessive host
inflammatory response, endothelial injury, increased pulmonary

capillary permeability and venous thrombosis formation. These acute
micro- and macro-circulatory insults likely contribute to the develop-
ment of adverse complications, such as acute respiratory distress syn-
drome (ARDS) (Huertas et al., 2020; Whyte et al., 2020).

2. Vascular Injury in COVID-19

Pulmonary microvascular dysfunction is associated with severe
COVID-19 infection (Teuwen et al., 2020). Pulmonary interstitial
oedema, a result of increased capillary permeability, has been observed
in COVID-19 patient autopsies (Carsana et al., 2020). Pulmonary
oedema is a component of ARDS, a life-threatening condition occurring
in approximately one third of hospitalised COVID-19 patients (Endeman
et al., 2020; Tzotzos et al., 2020). Additionally, hypercoagulability is a
consistent characteristic of patients hospitalised with COVID-19. Pul-
monary emboli have been observed in approximately 15% of COVID-19
intensive care unit (ICU) patients (Nopp et al., 2020) and COVID-19
autopsies have consistently revealed pulmonary microthrombosis with
microangiopathy (Ackermann et al., 2020; Lax et al., 2020).

Endothelial inflammation and apoptosis have been identified in the
lungs of COVID-19 patient autopsies and likely contribute to the
microcirculatory impairments observed in severe disease (Varga et al.,
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Fig. 1. - Chronic diabetic complica-
tions are a manifestation of endothe-
lial and microvascular dysfunction
Abbreviations: CAD = coronary artery
disease, CVD = cerebrovascular dis-
ease.
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2020). This acute endothelial injury may be the result of direct viral
endothelial cell entry or the result of indirect host inflammatory cyto-
kines. An excessive host inflammatory response, known as a ‘cytokine
storm’, is a typical presentation of patients with severe COVID-19
(Siddigi and Mehra, 2020). Perivascular T-cell infiltration, in addition
to high plasma concentrations of tissue necrosis factor-alpha (TNF-a)
and interleukin-1 (IL-1) are observed in COVID-19 ICU patients (Huang
et al., 2020b). These cytokines can disrupt endothelial cell tight junc-
tions and dysregulate adhesive and pro-coagulative molecules (Pober
and Sessa, 2007).

Landecho et al. (2021) investigated the impact on new incident
retinal changes in patients discharged from hospital due to COVID-19
associated pneumonia. When assessed with fundoscopy, optical coher-
ence tomography (OCT) and OCT angiography fourteen days following
discharge, new cotton wool exudates were observed in 22% of patients,
irrespective of whether they had concomitant diabetes or not. These
results suggest COVID-19 may be associated with systemic micro-
angiopathy with indolent progression in the immediate recovery period
— whether this is directly related to the virus itself or secondary to the
hypoxia and the interventions offered to correct this remains unclear.

One of the most commonly reported cutaneous feature of COVID-19
is the chilblain-alike ‘perniosis’ particularly notable in the feet — some-
times referred to has COVID-toes (Kanitakis et al., 2020; Vas et al.,
2021). Histological examination of these have revealed dermal peri-
vascular inflammation, endothelial cell swelling and immune deposition
within the microvasculature. Post-mortem histopathological examina-
tion of the individuals with COVID-19 has observed thinning of the
endothelial cell basal lamina, congested blood vessels and relatively
intact vasculature even in those without antemortem neurological
symptoms (Lee et al., 2021).

3. Diabetes and COVID-19 outcomes

Diabetes increases the risk of hospitalisation, admission to critical
care and mortality in COVID-19. Studies indicate diabetes is present in

approximately 8 to 33% of hospitalised COVID-19 patients (Vas et al.,
2020). The concentrations of interleukin-6 (IL-6), C-reactive protein
(CRP), and D-dimer were significantly greater in hospitalised COVID-19
patients with diabetes compared to patients without, implying those
with diabetes are more vulnerable to developing a greater degree of
systemic inflammatory response to infection (Guo et al., 2020). A meta-
analysis of COVID-19 patients determined diabetes was associated with
over two-fold increased risk of greater COVID-19 severity and mortality
(Kumar et al., 2020). However, this study did not adjust for additional
COVID-19 risk factors such as obesity and old age. Among those with
diabetes certain individuals are at even greater COVID-19 risk than
others - for example, Holman et al. (2020) observed independent asso-
ciations between HbAlc and body mass index (BMI) with mortality in
individuals with COVID-19 and diabetes.

The COVID-19 pandemic has interrupted the normal monitoring and
treatment of diabetic complications. Patients with diabetic retinopathy
have been subject to reduced clinics and treatment with anti-VEGF in-
terventions (Ahmed and Liu, 2021). This may lead to long-term impacts
on visual acuity. Reports of suboptimal outcomes and a higher risk of
amputation during the pandemic have now started to emerge from many
parts of the world. On study from Italy, reported a threefold higher
amputation rate in 2020 compared to the year 2019 (Caruso et al., 2020)
and another from China also reported significant disruption of routine
foot care provision (Liu et al., 2020). One study reported that there was a
precipitous decrease in hospitalisation rates for diabetic foot ulcers
during the first French lockdown and fewer revascularisations were
undertaken (Mariet et al., 2021). Monitoring for diabetic kidney disease
has also been reported to decline during the pandemic due to redirection
of scare healthcare resources (Gregg et al., 2021). These studies high-
light the disruptive impact of the COVID-19 pandemic at a population
level and temporal data to assess the impact of microvascular (and by
extension, future macrovascular) outcomes is awaited.
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3.1. Microvascular complications of diabetes

The endothelium is the innermost lining of blood vessels and acts as a
paracrine organ, via the secretion of factors, to control vascular ho-
meostasis while simultaneously influencing vascular tone, platelet ag-
gregation local responses to inflammation and angiogenesis (Madonna
and De Caterina, 2011). Endothelial dysfunction is a common compli-
cation in diabetes. Endothelial dysfunction is associated with altered
vasomotor tone, promotion of a procoagulant state, increased vessel
permeability and abnormal expression of inflammatory cytokines (Ste-
houwer et al., 1997).

Microvascular complications observed in one end-organ is suggestive
of systemic vascular damage (Ikram et al., 2008; Nowroozpoor et al.,
2021). This is likely due to a common aetiology of endothelial
dysfunction. Endothelial dysfunction is closely associated with the
initiation and perpetuation of chronic macrovascular and microvascular
disease (Avogaro et al., 2011; Farrah et al., 2020) (Fig. 1).

3.2. Diabetic retinopathy

Diabetic retinopathy is a common complication of diabetes. In 2015,
the prevalence of diabetic retinopathy was 56% in patients with type 1
diabetes and 30% in patients with type 2 (Thomas et al., 2015). In the
SOULD-D study, a similar incidence of diabetic retinopathy and ne-
phropathy was observed after two years in a cohort of patients with
newly diagnosed type 2 diabetes (16% and 18% respectively) (Ismail
et al., 2017). Diabetic retinopathy is an independent risk for the devel-
opment of diabetic nephropathy and end-stage renal disease (Gall et al.,
1997; Looker et al., 2003; Zhang et al., 2018). Therefore, it is unsur-
prising diabetic retinopathy frequently coexists with extra-retinal
microvascular complications (Gross et al., 2005). Furthermore, dia-
betic retinopathy, in type 1 and 2 diabetes is associated with increased
risk of cardiovascular disease and mortality (Targher et al., 2006),
suggesting that retinopathy is one manifestation of generalised micro-
vascular damage and endothelial dysfunction (Fig. 1).

3.3. Diabetic nephropathy and albuminuria

Albuminuria (urinary albumin creatinine ratio >3 mg/mmol) is an
early marker for diabetic nephropathy, a common complication of dia-
betes, as well as a marker for cardiovascular disease (Dinneen and
Gerstein, 1997; Hillege et al., 2002). Microalbuminuria is present in
approximately 40% of individuals with diabetes (Parving et al., 2006).
The Steno hypothesis (Deckert et al., 1989) suggested albuminuria is a
manifestation of systemic microvascular damage and evidence con-
tinues to support this (Goligorsky, 2017; Martens et al., 2016). Thus,
albuminuria is a useful clinical marker of generalised endothelial
dysfunction and microvascular damage in patients with diabetes (Jensen
et al., 2000; Toto, 2004).

3.4. Diabetic neuropathy

Diabetic somatic neuropathy is associated with microvascular com-
plications elsewhere as well as macrovascular complications such as
cardiovascular and cerebrovascular events (Pop-Busui et al., 2017).
Presence of diabetic autonomic neuropathy (DAN) can lead to direct
microvascular and sudomotor dysfunction and may also affect the lungs.
Autonomic neuropathy in patients with type 1 diabetes has been asso-
ciated with dysfunctional bronchial neuro-adrenergic innervation
(Antonelli Incalzi et al., 2002). Additionally, cardiac autonomic neu-
ropathy is significantly associated with decreased diffusing capacity of
carbon monoxide (DLCO) (Pitocco et al., 2008). The autonomic nervous
system also provides negative feedback during an inflammatory
response to decrease macrophage production of inflammatory cytokines
(Pitocco et al., 2021).

Microvascular Research 140 (2022) 104310

4. Microvascular complications of diabetes as a risk factor for
severe COVID-19

Several studies of COVID-19 patients with diabetes demonstrate
increased risk of adverse outcomes in the presence of diabetic micro-
vascular complications. The CORONADO study investigated the char-
acteristics and outcomes of 1317 hospitalised COVID-19 patients with
diabetes from 53 different hospitals in France (Cariou et al., 2020). The
study identified underlying microvascular disease, defined as severe
diabetic retinopathy and/or diabetic kidney disease and/or diabetic foot
ulcer, was independently associated with the risk of mortality on day 7
of hospitalisation, when adjusting for age and gender (odds ratio (OR)
2.14, 95% confidence interval (CI) 1.16-3.94).

Only a few studies have investigated the effect of individual diabetic
microvascular complications on COVID-19 outcomes. A single centre
study of 189 hospitalised COVID-19 patients with diabetes (Corcillo
et al., 2020), identified that the presence of diabetic retinopathy was
associated with over five-fold increased odds of intubation (OR 5.81,
95% CI 1.37-24.66 [P < 0.001]), independent of other well-established
COVID-19 risk factors. In the study, 80% of patients with retinopathy
had background retinopathy. Apart from the study by Landecho et al.
(2021), there are no published studies exploring the relationship be-
tween past COVID-19 positivity and changes to current diabetic reti-
nopathy status independent of glycaemic status.

McGurnaghan et al. (2021) investigated the outcomes and associated
risk factors of 319,349 individuals, in a large Scottish database, with
COVID-19 and diabetes. There was a greater risk of death and/or
requirement for critical care in COVID-19 individuals with referable
retinopathy (OR 1.67, 95% CI 1.38-2.03 [P < 0.0001]). Additionally,
these authors determined that the prevalence of albuminuria was
significantly greater in COVID-19 individuals who died and/or required
critical care-unit treatment. However, neither retinopathy nor albu-
minuria were significant after carrying out a stepwise logistic regression
which included age, sex, type of diabetes and duration of diabetes at
baseline. Therefore, retinopathy and albuminuria were not included in
the final risk prediction model for fatal or critical care unit-treated
COVID-19. McGurnaghan et al. (2021) also observed that the esti-
mated glomerular filtration rate (eGFR) was significantly lower in pa-
tients with fatal or critical care unit-treated COVID-19 and eGFR
remained significant in the final prediction risk model (OR 0.992, 95%
CI 0-989-0-995 [P < 0.0001]). Thus, it is possible albuminuria was not
selected in the final risk prediction model due to the close association
between eGFR and albuminuria in diabetes. Furthermore, 43% of pa-
tients who died or required critical care unit-treated COVID-19 had
missing albuminuria status.

In an unpublished study, we investigated the effects of albuminuria
on adverse outcomes in a small cohort of 80 hospitalised COVID-19
patients with diabetes, at a single centre. The prevalence of albumin-
uria (defined as an albumin-to-creatinine ratio of >3 mg/mmol or a
protein-to-creatinine ratio >15 mg/mmol) was greater in patients who
died (n = 8, 100%) versus those who survived (n = 30, 42%) [P =
0.002].

In individuals with and without diabetes, chronic kidney disease
(CKD) is an independent risk factor for mortality in COVID-19 (ERA-
EDTA, 2021; Williamson et al., 2020). However, compared to non-
diabetic individuals with CKD, individuals with diabetic nephropathy
have a significantly greater probability of developing adverse outcomes
in COVID-19 (Leon-Abarca et al., 2020). Holman et al. (2020) showed a
negative linear relationship between eGFR and adverse COVID-19 out-
comes in individuals with diabetes. Compared to eGFR>90mL/min/
1.73 m2, an eGFR<15mL/min/1.73 m2 was associated with an
increased risk of mortality in COVID-19 patients in both type 1 diabetes
mellitus (adjusted hazard ratio (aHR) 8.35, 95% CI 5.50-12.70) and
type 2 diabetes mellitus (aHR 4.91, 95% CI 4.34-5.56) (Holman et al.,
2020).

Development of severe COVID-19 infection with hypoxemia
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requiring non-invasive ventilation has been shown to be associated with
the development of neuropathic symptoms and widespread sensory
dysfunction in diabetes patients without previous evidence of clinical
neuropathic abnormalities (Odriozola et al., 2021). Studies exploring
the presence of diabetic neuropathy on COVID-19 outcomes are un-
available presently, partly due to the challenging nature of diagnostic
certainty as well as the lack of routine characterisation of neuropathic
deficits, apart from foot ulcer risk, in people with diabetes. As previously
mentioned, the pro-inflammatory ‘cytokine storm’ is a hallmark of se-
vere COVID-19. Pitocco et al. (2021) suggest diabetic autonomic neu-
ropathy may lead to impaired negative feedback of the inflammatory
response. This may, in part, contribute to the excessive inflammation in
COVID-19 infection leading to more sever forms of the disease (Pitocco
et al., 2021). Studies investigating the association between diabetic
neuropathy and COVID-19 severity are required to confirm this
hypothesis.

5. Proposed mechanism - ‘the clash of two injuries’

Pulmonary endothelial cells have a pivotal role in optimising gas
exchange and regulating pulmonary vascular tone through the nitric
oxide (NO), prostacyclin (PGI2), endothelin (ET) and serotonin (5-HT)
pathways (Huertas et al., 2018). In COVID-19, acute endothelial injury,

uries in COVID-19. Adapted from “Acute Respiratory Distress Syndrome (ARDS)”

in addition to excessive host inflammation, likely contributes to micro-
circulatory impairments responsible for the formation of adverse com-
plications in COVID-19 (Ackermann et al., 2020; Huertas et al., 2020)
(Fig. 2). As well as COVID-19, diabetes is a well-established risk factor
for additional viral respiratory illnesses. A study by Badawi and Ryoo,
2016 observed a high prevalence of diabetes in patients with Middle
East respiratory syndrome coronavirus (MERS-CoV) (54.4%) and influ-
enza A HIN1 (14.6%). Pre-existing pulmonary vascular injury from
diabetic microvascular disease may be responsible for the increased
disease severity observed in patients with MERS-CoV and H1N1.

Evidence suggests the pulmonary vasculature is a site that manifests
diabetic microvascular damage (Khateeb et al., 2019). Individuals with
diabetes are observed to have impaired lung function, as indicated by a
significant reduction in the diffusing capacity of carbon monoxide
(DLCO). Additionally, individuals with diabetes are at increased risk of
developing adverse respiratory conditions such as asthma, fibrosis and
chronic obstructive pulmonary disease (COPD) (Ehrlich et al., 2010;
Fontaine-Delaruelle et al., 2016). Pre-existing pulmonary microvascular
dysfunction would mean less physiological reserve to facilitate pulmo-
nary vascular shunting to maintain oxygenation with COVID-19, which
is characterised by pulmonary capillary leakage and microthrombi for-
mation (Fig. 3).
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Fig. 3. Diabetic microvascular disease increases the risk of severe COVID-19
infection.

In diabetes, microvascular complications in the form of diabetic retinopathy
and diabetic nephropathy, may exacerbate the acute pulmonary endothelial
and microvascular injuries associated with COVID-19. This may lead to
increased alveolar infiltration, thrombosis and inflammation and thus increased
risk of adverse COVID-19 outcomes.

6. Interplay between diabetes and obesity

Obesity, hypertension and advanced age are each independently
associated with increased risk of adverse COVID-19 outcomes (Grasselli
et al., 2020; Simonnet et al., 2020; Zhou et al., 2020). These conditions
are additionally associated with systemic vascular endothelial dysfunc-
tion (Taddei et al., 2001; Ungvari et al., 2018; Virdis, 2016). Like in
diabetes, underlying endothelial damage in obesity, hypertension and
advanced age may predispose patients to excessive pulmonary vascular
injury in COVID-19 complicated by obesity (Vas et al., 2020).

7. Conclusion

In individuals with diabetes, underlying microvascular disease is
associated with higher risk of adverse outcomes in COVID-19. This may
be due to an exacerbation of underlying pulmonary microcirculatory
impairments. Further studies are required which directly investigate the
pathophysiological mechanisms responsible for severe COVID-19 out-
comes in patients with diabetes and pre-existing endothelial and
microvascular dysfunction. Future insights gained from exploring the
microvascular injury patterns and clinical outcomes are likely to play a
significant part in influencing optimal care delivery algorithms for both
of these conditions.
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