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Background: The rapid global spread of a new coronavirus disease known as COVID-19 has led to a significant increase in mortality 
rates, resulting in an unprecedented worldwide pandemic.
Methods: The impact of COVID-19, particularly its long-term effects, has also had a profound effect on the health and well-being of 
individuals.Metabolic syndrome increases the risk of heart and brain diseases, presenting a significant danger to human well-being.
Purpose: The prognosis of long COVID and the progression of metabolic syndrome interact with each other, but there is currently 
a lack of systematic reports.In this paper, the pathogenesis, related treatment and prognosis of long COVID and metabolic syndrome 
are systematically reviewed.
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Introduction
COVID-19, a new disease caused by the novel coronavirus SARS-CoV-2, primarily impacts the respiratory system and 
has quickly spread worldwide since its first detection in December 2019,1–3 posing a significant threat to global health. 
The global health crisis caused by the pandemic is one of the most significant challenges that humanity has encountered 
in the past century.4,5 As of January 16, 2023, the World Health Organization (WHO) reported that over 662 million 
people had been infected, resulting in more than 6.7 million deaths globally.6 New information suggests that symptoms 
that continue for at least 4 weeks after being diagnosed with or experiencing acute symptoms of COVID-19 can be 
classified as “long COVID”, as defined by NICE as post-COVID conditions or ongoing symptomatic COVID-19.7 The 
prolonged effects of COVID-19, encompassing various health issues that may persist for an extended period of time, 
have emerged as a significant worldwide concern.In this COVID-19 pandemic era, metabolic syndrome has received 
increased attention.In our 2020 report, we examined the connection between COVID-19 and metabolic syndrome.8 

Vascular diseases can be viewed as complications of COVID-19.9,10

Metabolic syndrome is a group of heart disease risk factors that consist of central obesity, dyslipidemia, impaired 
glucose metabolism, high blood pressure, and low levels of HDL cholesterol, all of which are consistently identified as 
major risk factors for severe COVID-19.11 Additionally, metabolic syndrome is becoming a notable contributor to 
complications in individuals with COVID-19.2,12 Metabolic syndrome is especially significant in relation to COVID-19, 
as it results in a three times higher risk of mortality and a four to five times higher risk of needing invasive mechanical 
ventilation, acute respiratory distress syndrome, and being admitted to an intensive care unit.In this paper, the latest 
finding on the relationship between long COVID and metabolic syndrome are summarized and its possible mechanisms 
are described.Additionally, we examined pathways associated with cardiovascular damage in long COVID-19, as these 
elements have been identified as potential contributors to the development of long COVID-19.Our earlier publication 
examined the elements of metabolic syndrome, including dyslipidemia, high blood pressure, type 2 diabetes, and obesity, 
which are prevalent and greatly elevate the likelihood of hospitalization and mortality in individuals with COVID-19.12 

Besides the high rates of severe illness and death within the initial weeks following infection, as many as 70% of 
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individuals who recover from COVID-19 may face enduring issues.13–15 These lingering symptoms can persist for weeks 
to months, significantly impacting the well-being of patients long after the virus has cleared.Symptoms that persist for at 
least 2 months after the onset of COVID-19, lasting for typically 3 months, are commonly referred to as “long COVID” 
and cannot be attributed to another diagnosis.16 The aim of this review was to provide a concise overview of the latest 
information on health issues following COVID-19 and their connection to individuals with metabolic syndrome.

Defining Metabolic Syndrome and Long-Term COVID-19
Metabolic syndrome, also known as MetS, is a medical condition identified by the accumulation of metabolic risk 
factors.Gerald Reaven was the first to propose criteria for diagnosing MetS, renaming it “syndrome X”, a term later 
adopted by the WHO in 1998,17 with a focus on insulin resistance as a key risk factor.MetS is characterized by metabolic 
abnormalities such as high blood sugar, high blood pressure, abnormal lipid levels, low HDL-cholesterol levels, and 
obesity, all of which increase the risk of developing type 2 diabetes mellitus (T2DM) and cardiovascular diseases 
(CVDs).18 Defining MetS with a standard definition has been difficult due to specific constraints and limitations. 
Metabolic syndrome has become more common in advanced nations, affecting 20–25% of adults, with its frequency 
rising steadily.19–22 The WHO, AACE, EGIR, and IDF have each established their own criteria for MetS, which have 
been updated22,23.Various organizations have supported slightly different definitions of MetS.The definitions encompass 
central obesity, dyslipidemia, insulin resistance, and hypertension, each with varying thresholds for risk assessment.Heart 
disease, diabetes, stroke, and other health issues have been associated with all risk factors of metabolic syndrome.24

As per the guidelines from NCEP Adult Treatment Panel III (NCEP ATP III), the identification of the condition did 
not align with the earlier criteria of having identical components.25 The American Heart Association and the National 
Heart, Lung, and Blood Institute (NHLBI) introduced changes to the ATP III criteria for MetS in 2005.26 Diagnosing the 
syndrome required the presence of central obesity according to the International Diabetes Federation (IDF), unlike the 
Joint Interim Societies (JIS) which did not consider central obesity a crucial factor.According to data from the World 
Health Organization, new definitions and diagnostic criteria for MetS have been released, which now encompass 
individuals with diabetes or those with confirmed cardiovascular disease (CVD); this data can forecast the likelihood 
of developing the condition, reducing the importance of diabetes and CVD in routine medical care; they are now 
considered a precursor to illness rather than a formal diagnosis.27

The prevailing consensus is that the primary factor in metabolic syndrome, obesity, and other cardiometabolic risk 
factors often contribute to inflammation and endothelial dysfunction, ultimately leading to a delayed recovery from 
COVID-19, known as long-COVID-19.28,29 Numerous health organizations at both national and global levels have put 
forth various definitions to characterize what is known as long-COVID-19.30–33

At present, there is no agreement on the exact definition of long COVID syndrome.Patients typically must wait 
a minimum of 4 weeks following diagnosis or the appearance of acute COVID-19 symptoms before categorizing 
symptoms as persistent.NICE has differentiated between persistent symptomatic COVID-19 and long COVID-19 
syndrome for individuals experiencing symptoms for over 12 weeks after initial acute symptoms.34 Over 50 common 
long-term effects of SARS-CoV-2 infection have been recognized, such as tiredness, migraines, difficulty breathing, 
cognitive issues, numbness, mood disorders, loss of smell and taste, reduced appetite, ongoing cough, chest discomfort, 
and rapid heartbeat.35

Long-COVID-19 and Metabolic Syndrome
Metabolic syndrome, encompassing obesity, insulin resistance, hypertension, and hyperlipidemia, influences the patho-
physiological processes associated with long COVID-19 through multiple mechanisms, as illustrated in Figure 1. These 
mechanisms include viral interference with pancreatic hormones, activation of the renin-angiotensin-aldosterone system 
(RAAS), augmentation of endoplasmic reticulum and oxidative stress, and the maintenance of a chronic inflammatory 
state within the immune system. Such pathological alterations not only intensify the severity of the acute phase of 
COVID-19 but also contribute to the persistence of long-term symptoms, including fatigue, dyspnea, and other clinical 
manifestations.
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Insulin Resistance and Long COVID-19
Evidence suggests that the SARS-CoV-2 virus targets human pancreatic hormones and interferes with the formation of 
beta cells, leading to harm and a decrease in insulin production.36 Imbalance of ACE/ACE2 caused by SARS-CoV-2 
triggers RAAS activation, resulting in insulin resistance, ultimately leading to the development of COVID-19 symptoms 
and progression, as well as the emergence of long COVID-19, particularly in individuals with insulin resistance.37 The 
relationship between COVID-19 and insulin resistance is two-way,38 with diabetic patients experiencing more severe 
symptoms and worse clinical outcomes because of comorbid conditions and underlying endothelial inflammation. 
Research indicates that insulin resistance in COVID-19 is more serious and linked to worse clinical results, primarily 
because of existing health conditions and initial endothelial inflammation.39–41

Poorly managed diabetes is linked to a higher chance of sickness and death due to the fact that it worsens the severity 
of COVID-19.The COVID-19 outbreak leads to the development of insulin resistance, contributing to the poor manage-
ment of diabetes and a rise in new cases of diabetes.42,43 In theory, patients with long-term insulin resistance may be 
debilitated and susceptible to long-term COVID-19.Prolonged resistance to insulin can result in harm to organs, which 
may worsen in individuals with SARS-CoV-2 infection.The existing mild inflammation in insulin resistance could 
worsen and lead to persistent symptoms in patients following the onset of COVID-19,44 which is a possibility worth 
considering.High doses of corticosteroids can result in insulin resistance and electrolyte imbalances, potentially leading 
to long-term COVID-19 complications. Therefore, steroids should be used judiciously and for the shortest duration 
possible, with careful monitoring of blood sugar levels to prevent worsening insulin resistance and the development of 
new diabetes.

Figure 1 Metabolic syndrome, characterized by obesity, insulin resistance, hypertension, and hyperlipidemia, impacts the pathophysiology of long COVID-19 through 
multiple mechanisms. (By Figdraw, ID: PTWIS35373).
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Obesity and Long COVID-19
Obesity, which impacts 20%–25% of adults, is a major contributor to the onset of metabolic syndrome (MetS), posing 
a significant risk to worldwide health (16157765).Obesity may also decrease the efficacy of the COVID-19 vaccine.45,46 

Obese individuals have a constantly activated immune system that leads to inflammation and immunological disruptions, 
along with metabolic issues. This has been recognized as a separate risk factor for COVID-19 and is included in the high- 
risk criteria set by the Centers for Disease Control (CDC).47 Mannose-binding lectin (MBL) is a serum protein produced 
by the liver that plays a role in the body’s natural immune response.Obesity is linked to lower levels of circulating MBL, 
which can also attach to the SARS coronavirus, making individuals with obesity more vulnerable to SARS-CoV-2 
infection.48 Numerous reports from various countries, including those with diverse populations, have consistently 
indicated that individuals with obesity were disproportionately represented among patients needing hospitalization and 
admission to intensive care units (ICUs) because of COVID-19. The virus SARS-CoV-2 can enter cells through ACE2- 
dependent mechanisms, as well as through ectopic reservoirs in fat cells.49 This increased susceptibility to COVID-19 
may be linked to this factor, which could also have an affinity for angiotensin (AT), a vasoactive peptide that causes 
systemic vasoconstriction and aldosterone release, increasing the risk of acute respiratory failure, multiple organ failure, 
intrapulmonary and systemic inflammation.50 Enlarged adipocytes are prone to triggering stress responses in the 
endoplasmic reticulum and mitochondria, leading to the development of a persistent condition of a chronic proinflam-
matory state in AT.51,52

In this instance, a substantial amount of evidence indicates a connection between obesity and weakened immune 
responses.Obesity-related lung changes, heightened virus entry points, reduced lung capacity,53 and prolonged virus 
shedding all contribute to the complexity of SARS-CoV-2 infection.Research findings show that people who are 
overweight are more vulnerable to respiratory viruses, experience more severe illness and negative outcomes, which 
explains why individuals with obesity and associated metabolic issues are at a higher likelihood of being infected with 
SARS-CoV-2 during the ongoing COVID-19 crisis,54 and facing worse outcomes when contracting the highly dangerous 
coronavirus SARS-CoV-2, such as increased chances of being hospitalized, admitted to the ICU, and dying, ultimately 
resulting in long-term effects of COVID-19.55,56 This may be associated with upregulated angiotensin-converting 
enzyme 2 (ACE2) expression57,58, chronic low-grade inflammation,59 and a preexisting pro-thrombotic environment.60

A study unequivocally indicated a higher likelihood of blood clotting in COVID-19 patients who are obese.61 The 
levels of antithrombin were significantly lower in patients with central obesity than in patients without obesity.62 

Therefore, we propose that persistent inflammation in both specific areas and throughout the body in individuals with 
obesity could result in immune system impairment, consequently heightening the likelihood of developing long-lasting 
COVID-19 complications.

Hypertension and Long COVID-19
High blood pressure is a condition that affects various organs in the body, including the brain, heart, blood vessels, 
kidneys, and endocrine systems.It is a crucial factor in diagnosing Mets, being the most common feature of the syndrome 
and found in more than 80% of patients.Moreover, there is evidence indicating that hypertension is frequently seen in 
individuals with MetS,63 and having MetS is linked to inadequate control of hypertension in patients with hypertension.64 

During the COVID-19 pandemic, there has been a rise in focus on hypertension.A single study found that having 
preexisting high blood pressure and a history of likely or confirmed SARS-CoV-2 infection was linked to long-term 
effects of COVID-19.65 Hypertensive patients may have a higher mortality rate than healthy individuals when infected 
with COVID-1966 due to the impact of the ACE2 receptor in the renin-angiotensin-aldosterone system associated with 
SARS-CoV-2 infection.67,68 Additionally, it appears that medications targeting the renin-angiotensin system (RAS) could 
potentially worsen the advancement of COVID-19.However, there is no evidence to suggest discontinuing RAS 
inhibitors in patients with such hypertension.Prolonged COVID-19 impacts the progression of hypertension-associated 
conditions, including CVD, with CKD being one of the primary risk factors for severe COVID-19.11,69 Individuals 
experiencing long-term effects of COVID-19 show elevated average blood pressure levels during a 24-hour period and 
notable fluctuations in blood pressure, leading to an increased likelihood of cardiovascular incidents later on.70 A study 
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found that hypertensive patients revealed a larger number of long-term COVID symptoms and poor quality of sleep and 
migraine-like headaches than normotensive patients.71,72 During the COVID-19 pandemic, the yearly regular check-up in 
the United States showed an increase in systolic blood pressure ranging from 1.1 to 2.5 mmHg and diastolic blood 
pressure ranging from 0.1 to 0.5 mmHg.73 Out of 4182 patients primarily from the community in the UK, 13.3% reported 
having a persistent symptom lasting over four weeks after being infected, with half of them believed to be related to the 
heart.74 According to surveys, the prevalence of cardiopulmonary symptoms in patients with long COVID-19 was two- 
thirds in one study.75 In symptomatic prolonged COVID-19 (3 months after the acute phase), cardiac MRI revealed that 
28% of patients had (postinflammatory) cardiac sequelae.76 A meta-analysis of six retrospective studies conducted in 
2020, involving 1558 individuals with COVID-19, identified hypertension, diabetes, and cardiovascular and cerebrovas-
cular diseases as separate risk factors for worsening the condition.77 The current data regarding the connection between 
hypertension and severe cases of COVID-19 is inconclusive. The management of blood pressure and the severity of 
hypertension could impact the onset and progression of cardiovascular issues related to COVID-19, as well as the 
duration of long-term COVID-19 symptoms.78

Most of the 222 Saudi Arabian patients who were hospitalized for COVID-19 in May and July 2020 experienced 
persistent symptoms lasting over 3 months, with the primary complaints being difficulty breathing (40.1%), coughing 
(27.5%), and fatigue (29.7%).65 Another study in Norway, there are 312 patients diagnosed with COVID-19 between 
February and April 2020, found that symptoms containing fatigue, distractibility, smell disorders, memory deterioration and 
breathing difficulties persisted for more than six months.79 Cohen et al Examined 87,337 individuals over the age of 65 in 
a retrospective analysis to track long-lasting medical consequences during the later stages of COVID-19 infection.Thirty- 
two percent of these patients needed medical intervention for sustaining clinical sequelae, mainly manifested as respiratory 
failure, fatigue, kidney damage, and arrhythmia.80 Similar results were found in another study adjusted for age.81

In the initial phase of the COVID-19 outbreak, 1850 individuals diagnosed with COVID-19 were admitted to 
hospitals. Among them, 287 patients with high blood pressure were selected along with an equal number of healthy 
patients matched for age and gender.A greater proportion of patients with hypertension reported experiencing three or 
more long-lasting symptoms of COVID-19, including fatigue, trouble breathing while resting, and difficulty breathing 
during physical activity.71 A retrospective analysis at multiple centers involved 515 COVID-19 patients who were 
hospitalized and categorized into groups based on hypertension status.The group with high blood pressure had preexist-
ing conditions such as being overweight, having high blood sugar, heart problems, heart failure, a history of stroke, 
kidney issues, and lung disease.82

For people with hypertensive, evidence from this study suggests that the initial COVID-19 outbreak affected blood 
pressure control, affecting their long-term cardiovascular outcomes.A delayed identification of high blood pressure linked 
to heightened reluctance to start treatment due to the COVID-19 pandemic could result in poor blood pressure manage-
ment, impacting the outcome of a SARS-CoV-2 infection and contributing to prolonged COVID-19 symptoms.

Dyslipidaemia and Long-COVID-19
Dyslipidaemia is one of the landmarks of metabolic syndrome and is characterized by abnormal cholesterol levels.83 

Cholesterol is crucial for the entry of SARS-CoV-2 into host cells.High levels of cholesterol in the body of individuals 
with dyslipidemia can result in a higher amount of ACE2 receptors located in lipid rafts of cells,84 facilitating the entry of 
SARS-CoV-2 into cells and enhancing its binding to ACE2, ultimately boosting the infectivity of coronavirus.85 Lower 
levels of total cholesterol, high-density lipoprotein, low-density lipoprotein, and increased triglycerides were also found 
to be associated with the severity of the disease in studies.86,87 An investigation on the lipid profiles of patients in the 
intensive care unit demonstrated reduced levels of LDL and HDL, providing additional evidence for the important role of 
lipoproteins in the development and outcome of COVID-19.88 High-density lipoprotein (HDL) may have a beneficial 
effect in fighting COVID-19 by controlling inflammation and possessing antioxidant, cytoprotective, and anti-cell death 
properties.Alterations in the composition and functionality of HDL impact the development and result of COVID-19.89,90 

Certain research indicates that a lack of ApoE activity could result in the advancement of illness and issues in individuals 
with dyslipidemia caused by SARS-CoV-2.Additionally, the ApoE4 mutation was found to be a predictor of the severity 
of COVID-19.91 The connection between the ApoE4/E4 genetic makeup and COVID-19 did not show any correlation 
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with existing conditions such as dementia, cardiovascular disease, or type 2 diabetes.92 A study that looked at patients 
with COVID-19 found that they had lower lipid levels and higher levels of oxidative stress and inflammation compared 
to healthy individuals.This suggests that oxidative stress in COVID-19 is associated with derangements of the lipid 
profile and inflammation.93 High levels of triglycerides are linked to increased risk of death in COVID-19 patients as 
well as long-lasting fatigue, headaches, and discomfort post-recovery.94

A retrospective analysis conducted at a single center found that levels of LDL-C, HDL, TC, and TG were notably 
reduced in COVID-19 patients compared to the control group.95 Lower levels of total cholesterol, high-density 
lipoprotein cholesterol, and low-density lipoprotein cholesterol were observed in individuals who did not survive 
compared to those who did, suggesting a connection between lipid levels and the seriousness and death rate in patients 
with COVID-19.96 According to our study, a reduction in lipid parameters can predict the severity of COVID-19.97

Some research evidence suggests that high cholesterol is more likely to cause SARS-CoV-2 infection to turn into 
severe disease or sequelae of long-term COVID-19 because high cholesterol regulates protective immunity and promotes 
excessive lung and systemic inflammatory responses.Statins may offer potential benefits in SARS-CoV-2 infection by 
reducing lipids, boosting immune responses, and providing anti-inflammatory effects.

Metabolic Syndrome-Related Pathways and Metabolic Syndrome
Metabolic syndrome development is influenced by various pathways, with emerging research indicating that the cGAS/ 
STING pathway, STAT2, and NF-kB play a role in its pathogenesis (Figure 2).

NF-kB Signalling Pathway
NF-κB, a crucial transcription factor, regulates various biological processes including immune differentiation, cell fate, 
and stress response.98 Decreasing inflammatory cytokines and inhibiting the NF-κB signaling pathway can help decrease 
lipid accumulation and enhance obesity outcomes.99 Obesity-induced elevated palmitic acid promotes inflammation and 
glucose metabolism disorders through the GPR/NF-κB/KLF7 signalling pathway.100 Increased angiotensin II (Ang II) 
levels trigger the renin-angiotensin system (RAS) and negatively impact the heart.101 Blocking essential proteins in the 

Figure 2 The key signaling pathways implicated in metabolic syndrome, including obesity, insulin resistance, hypertension, and hyperlipidemia. (By Figdraw. ID: 
UOWSS33293).
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Ang II-triggered inflammatory pathway could potentially offer significant protection against heart failure in individuals 
with hypertension.102 A study demonstrated that corynoline alleviates hypertensive heart failure induced by Ang II by 
enhancing the connection between PPARα and P65 to block the NF-κB pathway.103 Prior studies indicate that individuals 
with type 2 diabetes exhibit lower levels of IκB in their muscles, suggesting an increased IκB/NFκB signaling 
pathway.104 The NF-κB pathway is linked to T2DM and is involved in controlling inflammatory cytokines,105 making 
it a promising target for new therapeutic approaches in managing or preventing diabetes.106 Furthermore, certain 
medications like berberine have the ability to reduce streptozotocin (STZ)-induced kidney damage, the inflammatory 
reaction, and high glucose (HG)-induced podocyte apoptosis by deactivating the TLR4/NF-κB pathway, ultimately 
enhancing diabetic nephropathy.107

cGAS-STING Signalling Pathway
The signaling molecule GMP-AMP synthase/stimulator (cGAS) of interferon genes (STING), also referred to as trans-
membrane protein 173 (TMEM173), has the ability to trigger robust type I interferon (IFN) immunity.108 New research on 
the cGAS-STING pathway indicates that it can be triggered by host DNA in the cytoplasm, resulting in higher insulin 
resistance and the onset of nonalcoholic fatty liver disease (NAFLD). This discovery implies that targeting this pathway 
could be beneficial in the prevention and treatment of metabolic disorders caused by obesity.109 Being overweight increases 
the likelihood of developing various age-related illnesses like type 2 diabetes, heart disease, and cancer.

Obesity specifically causes vascular aging and long-term low blood pressure, resulting in inflammation throughout the 
cardiovascular system.Research has indicated that obesity triggers inflammation in endothelial cells via the cGAS- 
STING pathway, resulting in the development of cardiovascular diseases.110 H, Q, Hu et al showed that activation of the 
cGAS- STING-IRF3 pathway triggers inflammation and apoptosis of pancreatic β cells, leading to β-cell damage and 
dysfunction.Therefore, blocking this communication pathway could be a new strategy for protecting β-cells in type 2 
diabetes mellitus.111 Skin samples from diabetic patients were analyzed using immunohistochemistry, revealing activa-
tion of the cGAS-STING pathway in HaCaT cells and a notable rise in the expression of cGAS-STING.Thus, we are of 
the opinion that blocking the cGAS-STING pathway activation could enhance the progression of psoriasis in individuals 
with diabetes.Obesity-induced metabolic stress triggers inflammation and activation of endothelial cells, with cGAS- 
STING playing a crucial role in immune response and inflammation.The cGAS-STING pathway, which is responsible for 
mitochondrial damage, plays a crucial role in inducing endothelial inflammation under metabolic stress conditions. 
Targeting this pathway could be a promising strategy for mitigating cardiovascular diseases and insulin resistance in 
obese individuals.112 Research on animals revealed a reduction in cGAS-STING levels in the pancreatic islets of db/db 
mice and individuals with type 2 diabetes, indicating a potential involvement of cGAS-STING in the impairment of β- 
cells and the control of insulin release. This highlights the importance of carefully adjusting cGAS-STING in β-cells and 
insulin-responsive tissues to uphold glucose balance.These documents have all elucidated the crucial function of the 
cGAS-STING signaling pathway in metabolic syndrome and its potential connection to insulin resistance, inflammation, 
and various other elements.Thorough investigation into the cGAS-STING signaling pathway could aid in the manage-
ment and therapy of metabolic syndrome.

STAT signalling pathway
The STAT pathway controls important cellular functions such as immune response, growth, specialization, movement, 
and cell death.113 Obesity and metabolic syndrome (MetS) is currently common worldwide.114,115 However, the biology 
and function of macrophages are substantially altered under obesity/MetS conditions.Systemic inflammation and immune 
dysfunction are induced by it, with the STAT pathway being crucial in this mechanism.116 Epidemiological evidence 
suggests that patients with obesity and T2DM have a significantly higher risk of developing chronic low-intensity 
inflammatory, nonalcoholic fatty liver disease (NAFLD).Growing pathological data indicates that molecules involved in 
the STAT signaling pathways have the ability to start or facilitate signal transmission, control cell function and balance to 
heal injured tissues and organs, and play a role in the development, advancement, management, and avoidance of obesity 
and T2DM.117 Regulating the activity of STAT3 and promoting the differentiation of brown adipose tissue (BAT) have 
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been demonstrated to slow down the advancement of obesity, which is influenced by signal transducer and activator of 
transcription (STAT) 3.118

A different research study demonstrated that blocking STAT3 with the diabetes medication exenatide provided 
protection against obesity and obesity-related liver cancer (HCC) by affecting the cAMP/PKA/EGFR/STAT3 
pathway.119 Activation of the STAT pathway by IL-6 is a crucial process that regulates inflammation in ECs and 
migration and proliferation in SMCs, potentially heightened in individuals with T2DM.120 Elevated glucose levels hinder 
the process of autophagy by triggering the STAT pathway in mice and podocytes, which hinders the removal of damaged 
proteins and organelles in living organisms, leading to the prevention of cell death and worsening podocyte damage and 
the advancement of diabetic kidney disease.121

Drugs and Long-COVID-19 Risk
Long-COVID-19 and Antihyperlipaemia Drugs
The use of statins should not be discontinued during COVID-19, especially in those who have dyslipidaemia, where the 
benefit from statins will be more prominent.Elevating cellular cholesterol levels enhanced the attraction of lipid rafts by 
ACE2, facilitating the infiltration of SARS-CoV-2 pseudovirus.122 Medications that modify cholesterol levels can exhibit 
antiviral properties by changing the cholesterol in target cell membranes through decreasing systemic absorption or 
through direct antiviral actions.

A recent evaluation of the current regulations from the Food and Drug Administration (FDA) revealed that 
cepharanthine, a drug with potential anti-SARS-CoV-2 properties, effectively inhibits the attachment of the virus to 
cells.This compound from nature focuses on various elements of cellular metabolism, such as the transportation of 
cholesterol.123 Statins reduce cholesterol levels inside and outside cells by inhibiting HMG-CoA reductase, which is the 
initial step in the cholesterol production pathway.

Studies have shown that statins can elevate cardiac ACE2 levels in rabbit models of atherosclerosis.124.Evaluating the 
impact of statins on ACE2 levels in human lung cells is crucial, as it could influence the virus’s ability to cause severe 
illness and lead to long-term symptoms like chronic cough and fatigue in COVID-19 patients.

Long-COVID-19 and Antihypertensive Drugs
Research indicates that high blood pressure may be linked to an increased chance of contracting SARS-CoV-2 and 
a more severe outcome of COVID-19, including Long-COVID-19.125–127 There is uncertainty in hypertension about 
whether blockers of the renin-angiotensin system (RAS) may increase the risk of COVID-19 hospitalizations.The 
original suggestion to switch from RAS blockers to calcium channel blockers has caused the destabilization of numerous 
patients on these drugs, resulting in a temporary decrease in medication compliance.

Moreover, since ACE2 was implicated in the process and its levels were believed to be elevated by medications 
targeting the renin-angiotensin-aldosterone system, there was a theory that ACE inhibitors and ARBs might raise the 
likelihood of contracting the infection.Numerous studies have found a link between the lack of ACE inhibitors or ARB 
drugs and a higher risk of being hospitalized due to COVID-19.A meta-analysis indicates that ACE inhibitors may not 
elevate vulnerability to severe infection and severity of acute respiratory disease caused by coronavirus.8,128–134 Among 
nearly 2 million individuals with hypertension monitored for 16 weeks, 2338 were admitted to the hospital, and 526 
either passed away or required intubation due to COVID-19, indicating that ACE inhibitors and ARBs were linked to 
a reduced likelihood of COVID-19 hospitalization in comparison to CCBs.135

Mancia et al found that just 3.8% of patients were given MRAs, with no significant variations in disease outcome 
when compared to the control group.136 Furthermore, patients who received β-blockers had a slightly decreased chance 
of testing positive for COVID-19 compared to those not taking these drugs. Additionally, individuals who had previously 
taken CCBs had a slightly increased risk of severe illness,137 despite the strong evidence in favor of the safety and 
protective benefits of RAS blockers.Further investigation is necessary to understand the lasting effects of high blood 
pressure on individuals with SARS-CoV-2 infection, including conditions like post-COVID-19 syndrome and long covid.
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Long-COVID-19 and Antihyperglycaemic Drugs
Given the pathophysiological mechanism related to hyperglycaemia of novel coronavirus, the therapeutic methods and 
dosages of hypoglycaemic drugs known to have anti-inflammatory effects, such as metformin, pioglitazone, glucose- 
sodium cotransport-2 inhibitors (SGLT2-I), DPP4 inhibitors and GLP-1RA, should be well understood.The presence of 
SARS-CoV-2 can disrupt the balance of glucose in both diabetic and non-diabetic individuals by causing a cytokine 
storm, reducing ACE2 levels, and damaging pancreatic beta cells.ACE2 receptors can be located throughout the human 
body, such as in adipose tissue, the liver, and the small intestine.These tissues are crucial in the development of insulin 
resistance and the progression of pathophysiology.

An examination of how disposition scores matched in 6,256 patients with T2DM and COVID-19 from 50 states 
revealed that individuals who took metformin had a 24% lower mortality rate than those who did not take metformin (HR 
0.76, 95% CI 0.60–0.96, p = 0.02).138 A national observational study of 2,851,465 patients with T2DM in England 
yielded comparable findings, confirming a decreased mortality risk (HR 0.77, 95% CI 0.73–0.81) in individuals using 
metformin compared to those who did not.139 Yet, a different study using propensity score matching analysis (n = 1213) 
found no significant difference in mortality between individuals who used metformin and those who did not.140 Certain 
studies indicate that DPP4 enzyme receptors could potentially serve as binding targets, potentially interacting with ACE2 
receptors.However, other studies suggest that DPP4 inhibitors play a less prominent role in SARS-CoV-2 infection.36,141.

Prospective CORONADO studies showed that patients previously using DPP-4i had a significantly higher discharge 
rate than nonusers (OR 1.22, 95% CI 1.02–1.47, p = 0.03) (615/2794).142 Conversely, a substantial study conducted 
retrospectively with a sample size of 3351 individuals yielded contrasting findings, showing no disparities in outcomes 
between individuals who used DPP-4i and those who did not.143 Interestingly, a different national observational study 
discovered that DPP-4i users had notably increased mortality rates compared to nonusers, with a hazard ratio of 1.07 and 
a 95% confidence interval of 1.01–1.13.139 A substantial nationwide observational investigation conducted in the UK 
found a notable decrease in death rates among individuals using SGLT-2 inhibitors (266,505 out of 2,851,465) in 
comparison to those who did not use them (hazard ratio 0.82, 95% confidence interval 0.74–0.91).139 Nevertheless, 
a different Phase III trial that was randomized, double-blind, and placebo-controlled yielded unfavorable outcomes.144 

Combined with previous studies, insulin therapy is actually more appropriate than other antidiabetic therapies for treating 
patients with COVID-19 and diabetes because of the lower risk of uncontrolled hyperglycaemia and diabetic ketoaci-
dosis (DKA).

Discussion
Patients suffering from metabolic syndrome often experience a gradual recovery process that requires strict adherence to 
fundamental management principles and ongoing multidisciplinary collaboration.Timely treatment of infections is 
important.Proper nutrition of the patient should be ensured, especially by increasing protein intake and correcting 
vitamin and micronutrient deficiencies.Strict control of metabolic syndromes such as blood glucose and lipids and 
control of comorbidities during acute COVID-19 will reduce the development of long-term COVID-19 and help control 
it.On the upside, long COVID-19 has largely improved over time.In a single study, it was found that 13.3% of 
participants experienced persistent symptoms, with 189 individuals (4.5%) reporting symptoms lasting for at least 
8 weeks and 95 individuals (2.3%) reporting symptoms lasting for at least 12 weeks.74

Conclusions
To sum up, our comprehension of long-lasting COVID-19 is getting better over time, yet further investigation is required. 
In particular, patients with metabolic syndrome need to pay attention to the control of cardiovascular risk factors such as 
blood sugar and blood lipids to prevent further development and increase the severity of long COVID-19.Data on the 
bidirectional adverse effects of metabolic syndrome and long COVID-19 are clearly needed and critical.

A large number of people impacted by metabolic syndrome experience the consequences of long-term COVID-19, 
leading to higher morbidity rates and an uncertain quality of life.This issue urgently requires a multipronged approach to 
optimal management strategies that address both individual patient care and public health challenges.
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