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Background

Hyperglycemia frequently develops in patients with
severe COVID-19, regardless of preadmission diabe-
tes status, as in non-COVID critically ill patients [1, 2].
In non-COVID patients, stress hyperglycemia has been
attributed to insulin resistance due to elevated counter-
regulatory hormones, cytokines, and drugs including
steroids, although beta-cell dysfunction through pro-
longed hyperglycemia, poor beta-cell reserve, hypoper-
fusion and inflammation may co-exist in some patients
(Fig. 1) [3]. As in non-COVID patients, numerous obser-
vational studies have associated more severe hyperglyce-
mia and increased glucose variability with poor outcome
in COVID-19 patients [1, 2, 4, 5]. However, causality
remains unclear, since insulin resistance and resultant
hyperglycemia closely relate to illness severity [1, 6]. In
this regard, a recent observational study also associated
insulin treatment with increased mortality of COVID-19
[7]. Evidently, observational studies have an inherent risk
of residual confounding, whereby the ideal glucose tar-
get can only be derived from adequately powered rand-
omized controlled trials (RCTs).

Despite substantial similarities with non-COVID
critical illness, some investigators have suggested that
COVID-19 patients may be at increased risk of more
severe hyperglycemia due to virus-mediated effects
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on beta-cell function and/or insulin sensitivity (Fig. 1)
[8-11], which could predispose COVID-19 patients to
diabetic emergencies. On the other hand, patients with
severe COVID-19 more commonly have pre-existing
diabetes and/or increased body-mass index as risk fac-
tors for insulin resistance, which is aggravated by routine
steroid treatment [2, 12]. Clinical evidence confirming
an increased incidence of diabetic emergencies related
to COVID-19 surges is inconsistent, as are mechanistic
studies on potential virus-induced alterations in glucose
homeostasis [2, 8—11].

In a recent mechanistic study, Reiterer et al. reported
that COVID-19-associated hyperglycemia may be driven
through viral adipocyte infection, resulting in reduced
release of adiponectin—a glucoregulatory hormone—,
and secondary insulin resistance [11]. Indeed, in ani-
mal and in vitro studies, adipocytes could be infected
by SARS-CoV-2, which was associated with decreased
adiponectin expression. Moreover, in a relatively small
human study (N=101), patients with COVID-19-asso-
ciated acute respiratory distress syndrome had lower
circulating adiponectin and elevated C-peptide over
glucose—potentially indicating insulin resistance and
beta-cell reserve—as compared to intensive care patients
without COVID-19, who were classified as having (pre-
dominantly) beta-cell failure as cause of hyperglycemia
[11]. Yet, it remains unclear whether these findings reveal
a specific pathophysiological response to SARS-CoV-2,
since low adiponectin concentrations have been reported
in non-COVID critical illness as well [13]. Moreover,
numerous potential confounders warrant caution. First,

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-8564-6809
http://orcid.org/0000-0002-5320-1362
http://orcid.org/0000-0003-2470-6393
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-021-03861-6&domain=pdf

Langouche et al. Critical Care (2021) 25:437

Page 2 of 3

\4

@ N - N
4 Counterregulatory hormones T
(9'“?390& catecholamines Crlthal (pre-existing type 1 diabetes)
cortisol, growth hormone) :

illness
4 Cytokines Prolonged hyperglycemia
Drugs (corticoids, catecholamines) Py:(-’ﬁfz‘l Pancreatic hypoperfusion
§3 @ @ ‘ )
j Adiponectin Local inflammation

- J

}

Insulin resistance | o | «— | B-cell dysfunction
‘ v Insulin effect [ Hyperglycemla ‘ v Insulin secretion
A A
Adipocyte A\ B-cell
infection SARS’COV 2 infection
? .‘gcf;’_" ?
L A R Y-SR >
sy

BioRender.com

Fig. 1 Potential pathophysiological mechanisms of hyperglycemia in COVID-19 and non-COVID-induced critical illness. The figure was created with

patients were not matched for baseline characteristics,
with more diabetics in the non-COVID cohort and—
presumably—a higher illness severity in the COVID-19
cohort, in view of the higher peak glucose concentrations
observed in these patients. Hence, baseline imbalance
could explain the claimed differences in insulin resistance
versus beta-cell failure between cohorts. Second, circu-
lating glucose, C-peptide and adiponectin are affected by
nutrition and insulin treatment [14, 15], which was not
reported, respectively differed between the groups, and
time of blood sampling was not standardized. Finally,
the used definitions of insulin resistance and beta-cell
failure are contentious. Insulin resistance was defined as
the absence of beta-cell failure, although both conditions
may co-exist. Moreover, the cutoff of C-peptide over glu-
cose was not validated, and in addition to effects of insu-
lin treatment on C-peptide and glucose, concentrations
were not measured concomitantly. Finally, the finding of
predominant beta-cell failure in non-COVID critical ill-
ness contradicts with preceding evidence [3, 14], which
demonstrated ubiquitous insulin resistance and which
questions the used tool to define insulin resistance in this
study.

In contrast, other mechanistic studies have put forward
virus-induced beta-cell dysfunction or damage as poten-
tial mediator of hyperglycemia in COVID-19 [8-10]. In

human islets, SARS-CoV-2 was able to infect beta-cells,
leading to cell death [9]. Also autopsy studies in patients
dying with COVID-19 revealed presence of SARS-CoV-2
transcript and/or antigen in beta-cells of some, but not
all patients [8—10]. However, apart from the low number
of included patients, several issues warrant caution not
to overinterpret these findings, including the suboptimal
tissue quality due to autolysis, conflicting data regard-
ing the pancreatic expression of SARS-CoV-2 receptors
and the beta-cell selectivity of viral damage, and the lack
of in vivo evidence [8-10]. If virus-mediated beta-cell
death would be a primary mechanism of hyperglycemia
in severe COVID-19, one would expect persistent insulin
need in the majority of patients, which is not the case [2].
Whether COVID-19 associates with an increased inci-
dence of persistent diabetes mellitus or not, is currently
being investigated [2]. Interestingly, a recent mechanistic
study found potentially reversible beta-cell transdifferen-
tiation rather than cell death in human islets exposed to
SARS-CoV-2, characterized by lower expression of insu-
lin and upregulated expression of alpha-cell markers [10].
Also in this case, it remains unclear whether such trans-
differentiation also occurs in vivo.

From a clinical perspective, the question is to what
extent COVID-19-associated hyperglycemia should be
treated, for which there is yet no solid RCT evidence.
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Also in non-COVID critical illness, the ideal glucose tar-
get remains debated [1]. Our research group showed via
three RCTs improved morbidity and mortality of criti-
cally ill children and adults by maintaining blood glucose
with insulin in the healthy, normal range. Clinical ben-
efit was subsequently attributed to prevention of glucose
overload and associated mitochondrial damage. In con-
trast, the largest multicenter RCT in critically ill adults
found an opposite impact of tight glucose control on
mortality, which was attributed to an increased incidence
of hypoglycemia. The differences between the subsequent
RCTs could be explained by differences in accuracies of
the glucose control protocols and differences in feeding
strategies [1]. The multicenter TGC-fast RCT is currently
investigating whether tight glucose control performed
with a validated protocol that minimizes the incidence of
hypoglycemia is still beneficial in the absence of early full
feeding (clinicaltrials.gov NCT03665207).

Conclusions

Stress hyperglycemia and insulin resistance are char-
acteristic of acute critical illness. It remains unclear if
COVID-19-associated hyperglycemia and insulin resist-
ance is more severe than in non-COVID patients with
similar disease severity, and (in that case), whether this
is mediated by viral infection of beta-cells and/or adipo-
cytes. As in non-COVID critically ill patients, the ideal
blood glucose target remains to be defined.

Abbreviation
RCT: Randomized controlled trial.
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