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SARS-CoV-2 adipose tissue infection and hyperglycemia: A further step towards the 
understanding of severe COVID-19  
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A B S T R A C T   

Numerous studies have highlighted the prognostic significance of hyperglycemia in the outcomes of SARS-CoV-2 
infection. A number of mechanisms have been proposed as potential drivers of this association, which were, 
however, up until recently based rather on speculation than on investigational evidence. It has been recently 
come to light that the development of insulin resistance in the frame of COVID-19 is likely the driving force 
behind the development of overt hyperglycemia. This results through the infectious insult of the adipose tissue, 
and is observed in conjunction with aberrant adipokine secretion by host adipocytes, such as decreased adipo
nectin, as well as a switch towards an antiviral immune secretory profile. These data could have a considerable 
relevance not only for the management of hyperglycemia in the course of the infection but also for the overall 
understanding of the pathogenesis of severe COVID-19.   

The novel coronavirus disease 2019 (COVID-19) caused by the Se
vere Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) consti
tutes an unprecedented public health challenge with important 
implications in morbidity and mortality globally [1,2]. Worldwide, as of 
January 7, 2022, there have been 298, 915,721 confirmed cases of 
COVID-19, including 5,469,303 confirmed deaths reported to WHO, and 
these numbers continue to rise every day [3]. While SARS-CoV-2 
infection is related with substantial pulmonary disease, including 
pneumonia and acute respiratory distress syndrome (ARDS), COVID-19 
may present with a plethora of extrapulmonary manifestations [4]. 

Meta-analyses of population-based studies have reported that obesity 
and diabetes mellitus are significant and independent risk factors for 
COVID-19 severity, hospitalization, ICU admission, and death in sub
jects with COVID-19 [5,6]. However, independently from pre-existing 
DM, hyperglycemia is a biomarker of unfavorable prognosis, being 
associated with nosocomial adverse outcomes, risk of developing acute 
respiratory distress syndrome (ARDS) and a 7-fold increased mortality in 
comparison to well-controlled glycemia [7–10]. 

Altered glucose homeostasis, considered a tailored response for an 
effective immune response in infection, is attributed to the following 
physiological mechanisms: 1) the hypersecretion of inflammatory cy
tokines, particularly interleukin (IL)-6, IL-1b, and tumor necrosis factor 
(TNF)-α; 2) the enhanced hypothalamo-pituitary axis resulting in 
cortisol production; 3) the increase in the release of catecholamines, 
glucagon and growth hormone; 4) decreased blood flow in muscles 
resulting in lower glucose uptake by muscles; 5) liver gluconeogenesis 
fueling the increased metabolic state [8–21]. The underlying patho
physiology linking hyperglycemia to COVID-19 adverse outcomes is 
poorly understood, including hypothetical mechanisms such as systemic 
inflammation resulting in insulin resistance and pancreatic beta cell 

infection by SARS-CoV-2 and dysfunction. 
Two reports recently published in Cell Metabolism have offered novel 

evidence to elucidate the underlying link between hyperglycemia and 
SARS-CoV-2 infection [22,23]. Reiterer et al. ascertained the adverse 
prognostic significance of increased plasma glucose among 3854 in
dividuals hospitalized with COVID-19, whereby the presence of hyper
glycemia (defined somewhat arbitrarily as blood glucose >170 mg/dl) 
was associated with a 15.6-, 9.8- and 3.3-fold elevated risk for intuba
tion, ARDS and death, respectively [22]. Similar rates of hyperglycemia 
were noted across a subgroup of patients with COVID-19 complicated by 
ARDS and two control groups of patients with ARDS of other etiologies 
as well as intensively treated individuals without either COVID-19 nor 
ARDS. In contrast to the sum of the cohort, among patients with ARDS a 
detrimental impact of hyperglycemia on patient survival was noted in 
the two non-COVID-19 groups, which was not the case within the 
COVID-19/АRDS collective. Further circulating metabolic profiling in a 
representative subset of the three parental cohorts revealed a consid
erably higher prevalence of insulin resistant COVID-19/АRDS patients 
on the basis of elevated C-peptide and C-peptide/glucose ratios with a 
three- and six-fold higher prevalence compared with the two respective 
control groups. These rates rose to 8.6- and 15.1-fold after adjustment 
for diabetes status and glucocorticoid treatment, and were coupled with 
an increase in circulating amylin levels as well as a pronounced decrease 
in circulating adiponectin concentrations and adiponectin/leptin ratio 
compared with the control groups. This metabolic profile is consistent 
with an insulin resistant systemic environment and a beta cell hyper
secretory profile, likely on the grounds of a dysfunctional and insulin 
resistant adipose tissue. In order to further examine this hypothesis, the 
investigators studied a murine model of SARS-CoV-2 infection in Syrian 
hamsters and ascertained detectable viral mRNA in the adipose tissue of 
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infected animals, together with reduced adiponectin secretion (in 
visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT)) 
and gene expression (SAT only) as well as a switch towards an antiviral 
immune secretory profile which included the induction of interleukin 
1-beta, interleukin 18 as well as major chemokine receptor ligands. As a 
last step, the infectivity of SARS-CoV-2 in human and murine adipocytes 
in vitro was determined, likely ensuing through the viral membrane 
entry factors known to date [22]. Limitations of the study include the 
lack of determination of adiponectin levels prior to the development of 
ARDS/COVID-19 and the non-performance of fat biopsies from critically 
ill patients. 

To further strengthen these findings, Zickler et al. demonstrated 
SARS-CoV-2 infectivity in differentiated and lipid-laden adipocytes but 
not preadipocytes or immature precursors [23]. This results presumably 
due to an augmented ACE2 membrane expression in the course of 
adipocyte differentiation, although the authors also ascertained that 
inhibition of lipid catabolism in mature adipocytes reduced viral repli
cation by a factor of 100-fold and acted so synergistically to atorvastatin, 
being unclear whether all these effects are mediated via an altered ACE2 
expression. In support of the importance of aberrant lipid metabolism in 
the pathogenesis of COVID-19, viral mRNA was detectable in 10 and 4 of 
18 adipose tissue and liver samples from deceased patients, all of which 
were overweight or obese. In line with the findings by Reiterer et al. 
[22], it was further shown that adipocyte infection with SARS-CoV-2 
results in the suppression of genes related to de novo lipogenesis and 
the induction of immune response-related genes. This is paralleled by a 
notable reduction of triglycerides containing de novo synthesized fatty 
acids and a concomitant increase of those with esterified exogenous 
polyunsaturated fatty acids, hence signifying an impaired dietary fatty 
acid (FA) metabolism or effectively, an impaired postprandial trigly
ceridemia, further adding to the frame of a systemic dysmetabolic milieu 
[23]. 

The presented findings are affirmative of previous reports on 
elevated levels of circulating free FAs in COVID-19 infection, consistent 
with a failure of insulin to suppress lipolysis and impaired insulin action 
at the adipocyte level [24]. The insulin resistant metabolic profile 
manifesting profoundly as hyperglycemia was associated with an 
increased risk of adverse outcomes in the initial cohort of 3854 patients 
studied by Reiterer et al. [22]. Nonetheless, hyperglycemia among those 
hospitalized with COVID-19-related ARDS did not confer an additional 
mortality risk, which came in stark contrast to the increased 

corresponding risks observed in the two control groups. This finding 
gives rise to the notion that it may not be the detrimental effects of 
hyperglycemia per se and/or insulin resistance that mediate the worse 
prognosis among these patients. Based on the translational findings of 
both studies, it could rather be argued that the infectious involvement of 
the adipose tissue in a subset of patients, which induces the insulin 
resistant phenotype and hyperglycemia is an indicator of a diffuse, 
multi-system COVID-19 illness. This would in other words signify overt 
hyperglycemia as a surrogate of worse prognosis, rather than a delete
rious component of SARS-CoV-2 infection. This could harbor important 
implications for the clinical management of patients with diabetes 
mellitus or hyperglycemia at risk for or already hospitalized with 
COVID-19, since it would render glycemic management a matter of less 
crucial significance with respect to infection outcomes. Insulin is the 
universally accepted therapeutic option for hyperglycemia in hospital
ized patients, especially in critical care settings [25]. Reiterer et al. raise 
the question whether insulin sensitizing agents such as metformin or 
thiazolidinediones may be used for the glycemic management among 
patients with hyperglycemia and severe COVID-19 who display an IR 
phenotype, as add-ons that may spare insulin usage. While the use of 
oral antidiabetics, especially metformin, is a questionable practice in 
acute illness of any sort, it does not seem urgent to approach this likely 
not pivotal issue with such a pathophysiology-tailored approach. Based 
on the presented results, it would rather seem justified to intensify the 
level of in-hospital care and/or escalate therapy on the basis of 
new-onset or worsening of hyperglycemia. 

Another implication concerns the potential tropism of SARS-CoV-2 
for lipid-laden cells and tissues, which was highlighted in the study by 
Zickler et al. [23]. Based on their findings, this may be at least partly due 
to the upregulated ACE2 membrane expression. Ectopic lipid deposition 
is a feature of metabolic burden in obesity, and is associated with sys
temic insulin resistance and overt hyperglycemia [15,26–31]. It can be 
speculated that this may render tissues which are not principal targets of 
SARS-CoV-2 (apart from adipose tissue also liver among obese patients 
as demonstrated in the study) prone to infection, predisposing to a more 
diffuse organ involvement and higher rates of replication and virion 
production. In turn, this could partly account for the considerably worse 
outcome among patients with obesity and diabetes mellitus, and could 
advocate for a preventive role of antidiabetic medications with known 
ameliorating effects of fat distribution (e.g. thiazolidinediones). 

In any case, these recent findings have revealed a rather unexpected 

Fig. 1. Adipose tissue involvement in the frame of severe COVID-19. All images are originated from the free medical website http://smart.servier.com/ by Servier 
licensed under a Creative Commons Attribution 3.0 Unported License. 
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mechanism behind COVID-19-related hyperglycemia contributing to the 
understanding of the pathogenetic mechanisms of SARS- CoV-2 infec
tion (Fig. 1). Whether this new evidence will suffice to drastically 
change the common practice of hyperglycemia management in the 
frame of SARS-CoV-2 remains to be elucidated. 
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