
Vol.:(0123456789)1 3

Inflammopharmacology (2023) 31:1683–1693 
https://doi.org/10.1007/s10787-023-01239-4

REVIEW

Inflammopharmacology

Potential role of tirzepatide towards Covid‑19 infection in diabetic 
patients: a perspective approach

Gaber El‑Saber Batiha1   · Hayder M. Al‑kuraishy2 · Ali I. Al‑Gareeb2 · Nada A. Ashour3 · Walaa A. Negm4 

Received: 11 April 2023 / Accepted: 21 April 2023 / Published online: 19 May 2023 
© The Author(s) 2023

Abstract
In Covid-19, variations in fasting blood glucose are considered a distinct risk element for a bad prognosis and outcome in 
Covid-19 patients. Tirazepatide (TZT), a dual glucagon-like peptide-1 (GLP-1)and glucose-dependent insulinotropic poly-
peptide (GIP) receptor agonist may be effective in managing Covid-19-induced hyperglycemia in diabetic and non-diabetic 
patients. The beneficial effect of TZT in T2DM and obesity is related to direct activation of GIP and GLP-1 receptors with 
subsequent improvement of insulin sensitivity and reduction of body weight. TZT improves endothelial dysfunction (ED) 
and associated inflammatory changes through modulation of glucose homeostasis, insulin sensitivity, and pro-inflammatory 
biomarkers release. TZT, through activation of the GLP-1 receptor, may produce beneficial effects against Covid-19 sever-
ity since GLP-1 receptor agonists (GLP-1RAs) have anti-inflammatory and pulmoprotective implications in Covid-19. 
Therefore, GLP-1RAs could effectively treat severely affected Covid-19 diabetic and non-diabetic patients. Notably, using 
GLP-1RAs in T2DM patients prevents glucose variability, a common finding in Covid-19 patients. Therefore, GLP-1RAs 
like TZT could be a therapeutic strategy in T2DM patients with Covid-19 to prevent glucose variability-induced complica-
tions. In Covid-19, the inflammatory signaling pathways are highly activated, resulting in hyperinflammation. GLP-1RAs 
reduce inflammatory biomarkers like IL-6, CRP, and ferritin in Covid-19 patients. Therefore, GLP-1RAs like TZ may be 
effective in Covid-19 patients by reducing the inflammatory burden. The anti-obesogenic effect of TZT may reduce Covid-
19 severity by ameliorating body weight and adiposity. Furthermore, Covid-19 may induce substantial alterations in gut 
microbiota. GLP-1RA preserves gut microbiota and prevents intestinal dysbiosis. Herein, TZT, like other GLP-1RA, may 
attenuate Covid-19-induced gut microbiota alterations and, by this mechanism, may mitigate intestinal inflammation and 
systemic complications in Covid-19 patients with either T2DM or obesity. As opposed to that, glucose-dependent insuli-
notropic polypeptide (GIP) was reduced in obese and T2DM patients. However, activation of GIP-1R by TZT in T2DM 
patients improves glucose homeostasis. Thus, TZT, through activation of both GIP and GLP-1, may reduce obesity-mediated 
inflammation. In Covid-19, GIP response to the meal is impaired, leading to postprandial hyperglycemia and abnormal 
glucose homeostasis. Therefore, using TZT in severely affected Covid-19 patients may prevent the development of glucose 
variability and hyperglycemia-induced oxidative stress. Moreover, exaggerated inflammatory disorders in Covid-19 due to 
the release of pro-inflammatory cytokines like IL-1β, IL-6, and TNF-α may lead to systemic inflammation and cytokine 
storm development. Besides, GIP-1 inhibits expression of IL-1β, IL-6, MCP-1, chemokines and TNF-α. Therefore, using 
GIP-1RA like TZT may inhibit the onset of inflammatory disorders in severely affected Covid-19 patients. In conclusion, 
TZT, through activation of GLP-1 and GIP receptors, may prevent SARS-CoV-2-induced hyperinflammation and glucose 
variability in diabetic and non-diabetic patients.
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Introduction

The most likely origin of an acute respiratory illness 
known as coronavirus disease in 2019 (Covid-19) is a new 
coronavirus known as severe acute respiratory syndrome 
CoV type 2 (SARS-CoV-2) (Al-kuraishy et al. 2022a, b, 
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c; Babalghith et al. 2022a, b). SARS-CoV-2 exploits spe-
cific receptors for entry to human cells. Among the most 
common receptors is an angiotensin-converting enzyme 
type 2 (ACE2) (Al-kuraishy et al. 2022b; Alkhayyat et al. 
2022). Cell damage and hyperinflammation are caused by 
a sequence of inflammatory cellular processes that fol-
low the interaction of SARS-CoV-2 with ACE2. Numer-
ous cellular systems, such as enterocytes, cardiomyocytes, 
lung alveolar cells, neurons, and testes, express and are 
dispersed with ACE2 (Al-kuraishy et al. 2020a, b; 2022a, 
b, c).

In 85% of patients, the clinical presentation of Covid-19 
is predominately asymptomatic or accompanied by minor 
symptoms. However, due to the development of acute lung 
injury, 15% of Covid-19 patients presented with a moderate-
severe type. (ALI). In addition, the development of acute 
respiratory distress syndrome (ARDS) may cause 5% of 
Covid-19 patients to become critically ill and require per-
sistent breathing (Al-kuraishy et al. 2022a, b; Al-Thomali 
et al. 2022).

Middle East Respiratory Syndrome CoV (MERS-CoV) 
and SARS-CoV are substantially similar to one another and 
share 80% and 60% genetic similarity, respectively. SARS-
CoV-2 is highly similar at the genomic level with bat CoV 
96%. Nevertheless, SARS-CoV-2 is 20 times higher in use 
and binds ACE2 than other CoVs with succeeding down-
regulation of these receptors (Babalghith et al. 2022a, b). 
ACE2 is a peptidase metabolizes vasoconstrictor angio-
tensin II (Ang II) to the vasodilator Ang1-7 and Ang1-9 
(Al-kuraishy et al. 2022a). During SARS-CoV-2 infection, 
ACE2 is down-regulated, which causes vasoconstriction and 
the emergence of inflammatory, oxidative, and endothelial 
problems (Al-Kuraishy et al. 2022a, b, c) SARS-CoV-2-in-
duced OS activates activation of different signaling path-
ways, which counterbalances this type of complication.

In Covid-19, variations in fasting blood glucose are 
regarded as an independent risk factor for bad prognosis 
and outcome in Covid-19 patients (Al-kuraishy et al. 2021). 
A variation in blood glucose is linked with the exaggera-
tion of systematic inflammation, even in patients without 
diabetes (Al-kuraishy et al. 2021). In addition, using cor-
ticosteroids to manage severe Covid-19 is associated with 
hyperglycemia, which may lead to critical complications 
(Carranza-zavala and Manrique-franco 2020; Al-Kuraishy 
et al. 2022a, b). Therefore, controlling blood glucose is nec-
essary for the management of Covid-19 patients. Using oral 
hypoglycemic agents and insulin to manage Covid-19-in-
duced hyperglycemia may not associate with strict glucose 
control. Therefore, we hypothesized that tirazepatide dual 
glucagon-like peptide-1 and glucose-dependent insulino-
tropic polypeptide (GIP) receptor agonists might effectively 
manage Covid-19-induced hyperglycemia in diabetic and 
non-diabetic patients.

Tirzepatide pharmacology

Tirzepatide (TZT) is a synthetic 4.8 kDa, 39 amino acids 
analogue of GIP that stimulates insulin release from pancre-
atic β cells (Urva et al. 2021). TZT is chemically modified 
by lipidation to increase its stability and cellular uptake. It 
will complete a phase III clinical trial in 2021 to manage 
type 2 diabetes mellitus (T2DM) (Urva et al. 2021; K.K 
and Kobe 2021). TZT acts by activating GIP and GLP-1 
receptors, though it activated GIP more than GLP-1 (Fig. 1). 
It also stimulates the generation of cAMP, which regulates 
lipid and glycogen metabolisms (Pirro et al. 2022). Remark-
ably, TZT increases adiponectin levels following 26 weeks 
of 10 mg therapy. Of interest, treatment with TZT increases 
the expression of insulin-like growth factor (IGF) levels and 
associated binding proteins IGFBP1 and IGFBP2 (Thomas 
et al. 2021). Eli Lilly and Company originally applied TZT 
to control blood glucose in 2016; the FDA approved Lilly 
application in 2021 with a review voucher (Cummins and 
Us 2016; Sagonowsky 2021). After the completion of the 
successful trial on 28 April 2022, the company declared 
that TZT meets the required endpoints in the management 
of T2DM and overweight/obesity in non-diabetic subjects 
(Kellaher 2022; Frías et al. 2021).

A preliminary trial for the efficacy of TZT in the man-
agement of T2DM showed that this drug was less effec-
tive compared to semaglutide (an analogue of GLP-1) in 
the reduction of insulin resistance (IR) and glycated hemo-
globin (HbA1c) (Frías et al. 2021). However, a recent meta-
analysis illustrated that clinical use of TZT for 1 year in the 
management of obesity and glucose control was superior 
compared to semaglutide, dulaglutide, degludec, and insulin 
(Dutta et al. 2021). Patients with medullary thyroid cancer 
and type 2 multiple endocrine neoplasia syndrome should 
not use TZT (Syed 2022). The use of TZT is associated 
with developing some adverse effects, including nausea, 
vomiting, diarrhea, anorexia, abdominal pain, dyspepsia, 
and hypoglycemia (Min and Bain 2021). TZT is a novel 
once-weekly treatment with a dose of 5, 10, and 15 mg 
subcutaneously for treating T2DM and obesity. TZT is a 
safe agent with a low risk of hypoglycemia. A clinical trial 
involving 45 patients with renal impairments on TZT treat-
ment showed no relationship between TZT pharmacoki-
netic and renal impairment (Urva et al. 2021). Therefore, 
there is no clinically relevant effect of renal impairment on 
TZT pharmacokinetics, and dose adjustment is not required 
for patients with renal impairment. The half-life of TZT is 
5 days, the expected steady state is 4–5 weeks, body clear-
ance is 0.028 L/h, and the volume of distribution is 5.27L. 
TZT leads to dose-dependent glucose tolerance and body 
weight reduction without significantly affecting the lipid 
profile compared with a placebo (Furihata et al. 2022).
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The beneficial effect of TZT in T2DM and obesity is 
related to the direct activation of GIP and GLP-1 receptors 
with subsequent improvement of insulin sensitivity and 
reduction of bodyweight (Chavda et al. 2022; Min and Bain 
2021). Reduction of bodyweight and improvement of insulin 
sensitivity may inhibit the release of pro-inflammatory bio-
markers and propagation of systemic inflammatory disorders 
in patients with cardiovascular complications (Wilson et al. 
2020).

Tirzepatide and Covid‑19

TZT improves ED and associated inflammatory changes 
through the modulation of glucose homeostasis, insulin sen-
sitivity, and release of pro-inflammatory biomarkers. A clini-
cal trial of once-weekly TZT in T2DM patients illustrated 
that at 26 weeks of treatment, TZT led to the significant 
reduction of intercellular adhesion molecule 1 (ICAM-1), 
growth differentiation factor 15 (GDF-15), chitosan-3 like 
protein 1 (YKL-40), leptin and CRP compared to the base-
line values. Remarkably, CRP, YKL-40, and ICAM-1 were 
rapidly reduced within the first 4th weeks of treatment, while 
leptin was gradually reduced till the time of trial. Of note, 
IL-6 serum level was not significantly affected by TZT treat-
ment in this trial (Wilson et al. 2020). A study conducted 

by Hartman et al. to evaluate the potential effect of TZT on 
the biomarkers of non-alcoholic steatohepatitis in T2DM 
patients showed that TZT treatment increases adiponec-
tin and reduces related inflammation in T2DM patients. 
Remarkably, procollagen III is keratin-18 reduced following 
TZT treatment in T2DM patients with non-alcoholic steato-
hepatitis (Hartman et al. 2020). These findings proposed the 
anti-inflammatory effects of TZT against the development 
of ED and liver inflammation.

In Covid-19, ED (a hallmark of the disease) and acti-
vation of adhesion molecules trigger the progression of 
immunothrombosis and the development of critical compli-
cations (Bonaventura et al. 2021; Al-kuraishy et al. 2020a, 
b). The increasing level of ICAM-1, GDF-15, and YKL-
40 is associated with poor clinical outcomes in Covid-19 
patients (Babalghith Al-kuraishy et al. 2022a, b; Ramadan 
et al. 2022; Sharma et al. 2020). Of note, Covid-19 leads 
to the induction of fibrotic remodeling secondary to lobar 
micro-ischemia with the development of fibrotic intersti-
tial changes. In this state, biomarkers of lung fibrosis are 
increased, like procollagen III and GDF15, which reflect the 
underlying lung injury and associated fibrosis (Ackermann 
et al. 2022).

Moreover, TZT increases anti-inflammatory adiponectin 
and IGF (Thomas et al. 2021), which are highly deranged 
in Covid-19, leading to exaggerated inflammatory disorders 

Fig. 1   Mechanism of Tirzepatide
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(Al-kuraishy et al. 2020a, b; Varol et al. 2014). Therefore, 
TZT can reduce Covid-19 severity by modulating adiponec-
tin and IGF.

These verdicts suggest that TZT could effectively man-
age Covid-19 by modulation of inflammatory pathways and 
regulating adiponectin and IGF.

Tirzepatide and GLP‑1 in Covid‑19

Regardless of its cause, glucose variability triggers the 
development of oxidative stress and the release of pro-
inflammatory cytokines (Nusca et al. 2018). Of interest, poor 
glycemic control alters the interaction between innate and 
adaptive immune response with the subsequent promotion of 
infectious/inflammatory processes and viral replication, as 
in SARS-CoV-2 infection (Villarreal-Calderón et al. 2019; 
Marfella et al. 2022). Therefore, many studies reported that 
T2DM patients were associated with developing serious 
complications during SARS-CoV-2 infection (Batista et al. 
2021). Thus, good glycemic control is correlated with low 
mortality in T2DM Covid-19 patients compared to Covid-19 
patients with poor glycemic control. A retrospective study 
illustrated that T2DM Covid-19 patients with blood glucose 
3.9–10.0 mml/l were associated with low mortality (Zhu 
et al. 2020). It has been shown that Covid-19 patient mor-
tality related to T2DM is linked with higher HbA1c above 
7.65% (Holman et al. 2020). Notably, strict glucose control 
may increase the risk of hypoglycemia and augment Covid-
19 mortality in T2DM patients (Son et al. 2022). Thomas 
et al. observed that TZT strictly improves glucose homeosta-
sis and prevents glucose variability via modulation of insu-
lin sensitivity and pancreatic β cell function. A multicenter, 
retrospective study revealed that TZT was more effective 
than dulaglutide in improving glucose homeostasis in T2DM 
patients (Thomas et al. 2021). Therefore, TZT could effec-
tively control blood glucose in T2DM patients with Covid-
19 through modulation of insulin sensitivity and pancreatic β 
cell function, which are highly deranged in severe Covid-19 
(Ilias et al. 2021).

On the other hand, TZT, through activation of the GLP-1 
receptor, may produce beneficial effects against Covid-19 
severity. Since GLP-1 receptor agonists (GLP-1RAs) have 
anti-inflammatory and pulmoprotective effects, they may 
effectively manage ALI/ARDS and hyperinflammation in 
Covid-19 (Belančić et al. 2021). Therefore, GLP-1RAs could 
effectively treat severely affected Covid-19 diabetic and non-
diabetic patients. GLP-1RAs are classified as short-acting, 
like exenatide, and long-acting, like liraglutide. They are 
used subcutaneously weekly (Nauck et al. 2021). However, 
orally active GLP-1RA is semaglutide which was recently 
approved for the treatment of T2DM patients (Thethi et al. 
2020). Of note, using GLP-1RAs in T2DM patients prevents 
glucose variability, a common finding in Covid-19 patients 

(Nauck et al. 2021). Thus, GLP-1RAs like TZT could be 
a therapeutic strategy in T2DM patients with Covid-19 to 
prevent glucose variability-induced complications.

Of note, GLP-1RAs reduce inflammatory biomarkers 
like IL-6, CRP, and ferritin in Covid-19 patients. Therefore, 
GLP-1RAs like TZ may be effective in Covid-19 patients 
by reducing the inflammatory burden (Katsiki and Ferran-
nini 2020). Remarkably, GLP-1Rs are highly expressed in 
various tissues, including pancreatic β cells, brain, endothe-
lium, lung, GIT, kidneys, and immune cells (Baggio and 
Drucker 2021). Activation of GLP-1Rs on the immune 
cells results in reduced expression of various inflammatory 
signaling pathways like nod-like receptor pyrin 3 (NLRP3) 
inflammasome and nuclear factor kappa B (NF-κB) with 
subsequent inhibition release of pro-inflammatory cytokines 
like IL-6 and tumor necrosis factor-alpha (TNF-α) (Wan 
and Sun 2019; Tsukahara et al. 2015). In addition, activa-
tion of GLP-1Rs has anti-inflammatory effects via stimu-
lation of AMPK, cAMP, endothelial nitric oxide synthase 
(eNOS), and suppression of chemokine expression (Jin and 
Liu 2020). Besides, in Covid-19, inflammatory signaling 
pathways like NLRP3 inflammasome and NF-κB are highly 
activated, leading to hyperinflammation and the develop-
ment of cytokine storms (Al-kuraishy et al. 2022a, b). In this 
state, TZT may effectively reduce the risk of cytokine storm 
development through the activation of GLP-1RAs.

Furthermore, stimulation of GLP-1RAs by specific ago-
nists may improve airway inflammation by inhibiting mucus 
production and cytokine production. Preclinical studies 
demonstrated that GLP-1RAs attenuate experimental ALI 
in mice (Zhu et al. 2015). Likewise, GLP-1RAs improve 
respiratory function in T2DM patients regardless of blood 
glucose. A prospective cohort study involving 32 T2DM 
patients on metformin monotherapy or metformin plus 
GLP-1RA illustrated that metformin plus GLP-1RA over 
24 months of therapy was superior to metformin mono-
therapy (Rogliani et al. 2019). These findings suggest the 
pulmoprotective effect of GLP-1RAs. Thus, TZT use in 
Covid-19 patients with T2DM may reduce the risk of ALI/
ARDS through modulation of airway inflammation.

Moreover, GLP-1RAs reduce bodyweight and decrease 
the burden of obesity on Covid-19 pathogenesis. The anti-
obesogenic effect of GLP-1RAs is mediated by direct inhi-
bition of the feeding center and indirectly through modula-
tion of energy expenditure (Jepsen and Christensen 2021). 
Long-term use of GLP-1RAs can modulate obesity-medi-
ated inflammation, immune dysfunction, and chronic low-
grade inflammation in obese subjects developing Covid-19 
(De Lorenzo et al. 2021). A meta-analysis involving 50 
relevant published articles showed that obesity is regarded 
as an independent risk factor for Covid-19 severity (Aghili 
et al. 2021). Thus, the anti-obesogenic effect of TZT may 
reduce Covid-19 severity by ameliorating body weight and 
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adiposity (Samms et al. 2021). The experimental study dem-
onstrated that TZT effectively reduced the body weight in 
mice (Aghili et al. 2021; Samms et al. 2021). In this state, 
TZT in obese subjects with or without T2DM could be a 
prophylactic measure against the development of Covid-19 
in obesity.

Furthermore, Covid-19 may induce substantial alterations 
of gut microbiota due to the direct invasion of enterocytes 
with the progression of intestinal inflammation. Systemic 
hyperinflammation, hypercytokinemia, and the develop-
ment of cytokine storms may affect intestinal microbiota 
(Jung and Jung 2022). In addition, the development of ALI/
ARDS with lung inflammation affects the intestinal integ-
rity through the lung-gut axis (Al-Kuraishy et al. 2022a, 
b). Alteration of gut microbiota induces systemic inflamma-
tion with augmentation of ALI/ARDS in severely affected 
Covid-19 (Sencio et al. 2021). Therefore, modulation of 
gut microbiota by administration of probiotics and prebi-
otics could be a new strategy to prevent intestinal inflam-
mation and systemic complications through modulation of 
inflammatory signaling pathway (Venegas-Borsellino et al. 
2021). Remarkably, T2DM and obese patients have altered 
gut microbiota toward pathogenic species compared to the 
healthy controls (Verma 2022). Abnormal gut microbiota in 
patients with T2DM and obesity promote abnormal intesti-
nal permeability with the development of endotoxemia and 
systemic complications (Venegas-Borsellino et al. 2021). 
Therefore, abnormal gut microbiota in patients with T2DM 
and obesity could be an independent risk factor for develop-
ing Covid-19 severity. In this bargain, it has been shown that 
GLP-1RA liraglutide positively modulates gut microbiota in 
patients with T2DM and obesity (Verma 2022). In addition, 
GLP-1RA preserves gut microbiota and prevents intestinal 
dysbiosis (Megur et al. 2022; Shang et al. 2021). Herein, 
TZT, like other GLP-1RA, may attenuate Covid-19-induced 
gut microbiota alterations and, by this mechanism, may miti-
gate intestinal inflammation and systemic complications in 
Covid-19 patients with either T2DM or obesity.

Moreover, the binding of SARS-CoV-2 with ACE2 is 
regarded as the basic point in the pathogenesis of Covid-
19 (Mutter et al. 2020). It has been suggested in the early 
Covid-19 pandemic that overexpression may increase the 
risk of SARS-CoV-2 infection (Peron and Nakaya 2020). 
This suggestion was wrong since drugs that increase ACE2 
expressions, like ibuprofen and angiotensin receptor block-
ers (ARBs), are protective rather than harmful when used in 
Covid-19 (Kelleni 2020; Poutoglidou et al. 2021). However, 
the potential effects of GLP-1RA on the ACE2 expression 
was revealed by preclinical studies that were not confirmed 
in human. For example, GLP-1RA liraglutide increases 
ACE2 expression in rats (Romaní-Pérez et al. 2015). At 
the same time, liraglutide induces the expression of anti-
inflammatory Ang1-7 (Fandiño et al. 2018). Interestingly, 

ACE2 overexpression by GLP-1RA promotes the generation 
of anti-inflammatory Ang1-7 and reduces pro-inflammatory 
AngII (Romaní-Pérez et al. 2015; Fandiño et al. 2018). 
Therefore, GLP-1RA TZT may reduce airway inflammation 
and systemic disorders through the upregulation of ACE2.

TZT, through modulation of the GLP-1 effect, may 
reduce Covid-19 associated glucose variability, inflamma-
tory changes, and airway inflammation.

Tirzepatide and GIP in Covid‑19

GIP is also known as a gastric inhibitory polypeptide, 
secreted from K cells and found in the mucosa of the jeju-
num and duodenum. GIP-1 is stimulated by meal intake 
and glucose-induced hyperosmolarity in the duodenum; it 
activates insulin secretion and inhibits gastric acid secre-
tion (Killion et al. 2020). GIP acts on GIP receptors (GIPR) 
which are highly expressed in the pancreas, CNS, bone, and 
adipose tissue (Zhang et al. 2021). The effect of GIP on 
inflammation is controversial. For example, GIP analogue 
inhibits inflammatory cells and adipose tissue inflamma-
tion. The experimental study demonstrated that circulating 
neutrophils and pro-inflammatory monocytes are inhibited 
by GIP analogue in mice. Therefore, through inhibition of 
adipose tissue-induced inflammation, GIP can attenuate the 
development of insulin resistance (IR) (Varol et al. 2014). 
Similarly, GIP has an anti-inflammatory effect, as evidenced 
by the suppression of macrophage infiltration and the devel-
opment of atherosclerosis in mice (Nogi et al. 2012).

In contrast, GIP augments cytokine expression in adipo-
cytes. The circulating level of GIP is increased in obesity 
as it regulates lipid metabolism and adipocyte biology. GIP 
triggers adipocyte inflammation with the development of IR. 
Thus, GIP is implicated in obesity-induced IR and the devel-
opment of T2DM (Nie et al. 2012). Skrha et al. (2010) found 
that GIP level was reduced in obese and T2DM patients. 
However, activation of GIPR by TZT in T2DM patients 
improves glucose homeostasis within 12 weeks (Frias et al. 
2020). Notoriously, both GIPR agonists and antagonists lead 
to weight loss mainly when co-administrated with GLP-1 
agonists or analogues (Killion et al. 2020). Since TZT acti-
vates both GIP and GLP-1, it induces a remarkable reduction 
in body weight, unlike GIPR agonist, which is implicated 
in the development of obesity when used alone (Seino and 
Yamazaki 2022). GIP promotes fatty acid synthesis and glu-
cose uptake in adipose tissue with the development of obe-
sity (Getty-Kaushik et al. 2006). These findings suggest that 
GLP modulates the effect of GIP-1 toward the obesogenic 
effect. Thus, TZT, through activation of both GIP and GLP-
1, may reduce obesity-mediated inflammation.

In Covid-19, GIP response to the meal is impaired, lead-
ing to postprandial hyperglycemia and abnormal glucose 
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homeostasis (Mazucanti and Egan 2020). This effect might 
be due to direct enterocyte injury by SARS-CoV-2 or indi-
rectly due to hyperinflammation and cytokine storm (Jung 
and Jung 2022). Therefore, using TZT in severely affected 
Covid-19 patients may prevent the development of glucose 
variability and hyperglycemia-induced oxidative stress.

In addition, in many preclinical studies, GIP promotes 
cortisol production and release through induction of adre-
nal cortex steroidogenesis (Lecoq et al. 2018; Swords et al. 
2005). GIP mediates the metabolic effect of corticosterone 
(Bates et al. 2012). Therefore, deficiency of GIP attenu-
ates the development of ovariectomized-induced obesity 
in mice (Isken et al. 2008). This effect could be useful in 
maintaining cortisol levels, which is reduced in Covid-19 
patients. However, cortisol level is not correlated with the 
outcomes of Covid-19 patients with ARDS (Marpaung 
et al. 2022). A prospective study conducted by Güven 
and Gültekin (2021) showed that high cortisol level in 
hospitalized Covid-19 patients was associated with high 
mortality. Notably, a prospective study confirmed that the 
hypothalamic–pituitary–adrenal axis is impaired in hos-
pitalized Covid-19 patients, as reflected by low ACTH 
and cortisol levels (Alzahrani et al. 2021). These findings 
suggest potential hypothalamic–pituitary–adrenal axis 
abnormality due to SARS-CoV-2-induced central adrenal 
insufficiency. A double-blind crossover clinical trial illus-
trated that GLP-1RA did not affect the hypothalamic–pitu-
itary–adrenal axis following long-term use in normal 
healthy volunteers (Winzeler et al. 2020). Therefore, the 
effect of TZT on cortisol levels is mainly mediated by 
GIPR activation. Thus, normalization of cortisol levels by 
TZT through activation of GIPR may prevent variations 
in cortisol levels in severely affected Covid-19 patients.

Moreover, exaggerated inflammatory disorders in 
Covid-19 due to the release of pro-inflammatory cytokines 
like IL-1β, IL-6, and TNF-α may lead to the development 
of systemic inflammation and cytokine storm (Zanza et al. 
2022). Besides, different preclinical studies confirmed 
that GIP inhibits the expression of IL-1β, IL-6, MCP-1, 
chemokines, and TNF-α (Varol et al. 2014). Therefore, 
using GIP-1RA like TZT may reduce the development 
of inflammatory disorders in severely affected Covid-19 
patients.

TZT, through activation of GLP-1 and GIP receptors, may 
prevent SARS-CoV-2-induced hyperinflammation and glu-
cose variability in diabetic and non-diabetic patients. Herein, 
we are exciting researchers to do a clinical trial to elucidate 
the possible beneficial effect of TZT in managing Covid-19, 
mainly in patients with T2DM and obesity.

The present hypothesis has many limitations, including 
no retrospective, prospective and clinical trial studies evalu-
ating the effect of TZT in the management of Covid-19. 
In addition, this new drug needs long-term follow-up and 

post-marketing surveillance to detect remote unexpected 
adverse effects.

Conclusions

SARS-CoV-2 uses the ACE2 vulnerability to get into human 
cells. Cell damage and hyperinflammation are caused by a 
sequence of inflammatory cellular processes that follow the 
interaction of SARS-CoV-2 with ACE2. In Covid-19, vari-
ations in fasting blood glucose are considered an independ-
ent risk factor for poor prognosis and outcome in Covid-19 
patients. Therefore, controlling blood glucose is necessary 
in managing Covid-19 patients. Tirazepatide (TZT), a dual 
glucagon like peptide-1 (GLP-1)and glucose-dependent 
insulinotropic polypeptide (GIP) receptor agonist, may be 
effective in the management of Covid-19-induced hyper-
glycemia in diabetic and non-diabetic patients. The benefi-
cial effect of TZT in T2DM and obesity is related to the 
direct activation of GIP and GLP-1 receptors with subse-
quent improvement of insulin sensitivity and reduction of 
bodyweight. TZT improves endothelial dysfunction (ED) 
and associated inflammatory changes through modulation 
of glucose homeostasis, insulin sensitivity, and release of 
pro-inflammatory biomarkers. Therefore, TZT could effec-
tively control blood glucose in T2DM patients with Covid-
19 through modulation of insulin sensitivity and pancreatic β 
cell function, which are highly deranged in severe Covid-19. 
TZT, through activation of the GLP-1 receptor, may produce 
beneficial effects against Covid-19 severity. Since GLP-1 
receptor agonists (GLP-1RAs) have anti-inflammatory and 
pulmoprotective effects, they may effectively manage ALI/
ARDS and hyperinflammation in Covid-19. Therefore, GLP-
1RAs could effectively treat severely affected Covid-19 dia-
betic and non-diabetic patients. Of note, using GLP-1RAs in 
T2DM patients prevents glucose variability, a common find-
ing in Covid-19 patients. Thus, GLP-1RAs like TZT could 
be a therapeutic strategy in T2DM patients with Covid-19 to 
prevent glucose variability-induced complications.

In Covid-19, inflammatory signaling pathways like 
NLRP3 inflammasome and NF-κB are highly activated, 
leading to hyperinflammation and the development of 
cytokine storms. GLP-1RAs reduce inflammatory bio-
markers like IL-6, CRP, and ferritin in Covid-19 patients. 
Therefore, GLP-1RAs like TZ may be effective in Covid-19 
patients by reducing the inflammatory burden. In this state, 
TZT may effectively reduce the risk of cytokine storm devel-
opment through the activation of GLP-1RAs. Thus, TZT 
use in Covid-19 patients with T2DM may reduce the risk 
of ALI/ARDS through modulation of airway inflammation.

Moreover, GLP-1RAs reduce bodyweight and decrease 
the burden of obesity on Covid-19 pathogenesis. Therefore, 
the anti-obesogenic effect of TZT may reduce Covid-19 
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severity by ameliorating body weight and adiposity. In this 
state, TZT use in obese subjects with or without T2DM 
could be a prophylactic measure against the development 
of Covid-19 in obesity. Furthermore, Covid-19 may induce 
substantial alterations of gut microbiota due to the direct 
invasion of enterocytes with the progression of intestinal 
inflammation. Abnormal gut microbiota in patients with 
T2DM and obesity promote abnormal intestinal permeability 
with the development of endotoxemia and systemic compli-
cations. Therefore, abnormal gut microbiota in patients with 
T2DM and obesity could be an independent risk factor for 
developing Covid-19 severity. Herein, TZT, like other GLP-
1RA, may attenuate Covid-19-induced gut microbiota altera-
tions, and this mechanism may mitigate intestinal inflamma-
tion and systemic complications in Covid-19 patients with 
either T2DM or obesity.

Moreover, the binding of SARS-CoV-2 with ACE2 is 
regarded as the basic point in the pathogenesis of Covid-19. 
However, the potential effects of GLP-1RA on ACE2 expres-
sion were revealed by preclinical studies. Interestingly, 
ACE2 overexpression by GLP-1RA promotes the generation 
of anti-inflammatory Ang1-7 and reduces pro-inflammatory 

AngII. Therefore, GLP-1RA TZT may reduce airway inflam-
mation and systemic disorders through the upregulation of 
ACE2.

On the other hand, GIP acts on GIP receptors (GIPR) 
which are highly expressed in the pancreas, CNS, bone, 
and adipose tissue. GIP-1 has an anti-inflammatory effect, 
though GIP-1 level was reduced in obese and T2DM 
patients. Activation of GIP-1R by TZT in T2DM patients 
improves glucose homeostasis. Notoriously, both GIP-R 
agonists and antagonists lead to weight loss mainly when 
co-administrated with GLP-1 agonists or analogues. Since 
TZT activates both GIP and GLP-1, it induces remarkable 
body weight reduction, unlike GIPR agonists, which are 
implicated in the development of obesity when used alone. 
These findings suggest that GLP-1 modulates the effect of 
GIP toward the obesogenic effect. Thus, TZT, through acti-
vation of both GIP and GLP-1, may reduce obesity-medi-
ated inflammation. In Covid-19, GIP response to the meal is 
impaired, leading to postprandial hyperglycemia and abnor-
mal glucose homeostasis. Therefore, using TZT in severely 
affected Covid-19 patients may prevent the development of 

Fig. 2   Possible mechanism of Tirzepatide in Covid-19
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glucose variability and hyperglycemia-induced oxidative 
stress.

In addition, GIP promotes cortisol production and release 
through the induction of adrenal cortex steroidogenesis. This 
effect could be useful in reducing cortisol levels in Covid-19 
patients. Notably, the hypothalamic–pituitary–adrenal axis 
is impaired in Covid-19 patients, as reflected by low ACTH 
and cortisol levels. The effect of TZT on cortisol levels is 
mainly mediated by GIPR activation. Thus, normalization 
of cortisol levels by TZT through activation of GIP-1R may 
prevent variations in cortisol levels in severely affected 
Covid-19 patients.

Moreover, exaggerated inflammatory disorders in Covid-
19 due to the release of pro-inflammatory cytokines like 
IL-1β, IL-6, and TNF-α may lead to systemic inflammation 
and cytokine storm development. Besides, GIP-1 inhibits 
expression of IL-1β, IL-6, MCP-1, chemokines and TNF-
α. Therefore, using GIP-1RA like TZT may reduce the 
development of inflammatory disorders in severely affected 
Covid-19 patients.

TZT, through activation of GLP-1 and GIP receptors, may 
prevent SARS-CoV-2-induced hyperinflammation and glu-
cose variability in diabetic and non-diabetic patients (Fig. 2). 
Herein, we are exciting researchers to do a clinical trial to 
elucidate the possible beneficial effect of TZT in managing 
Covid-19, mainly in patients with T2DM and obesity.
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