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Abstract 

The COVID-19 pandemic is by far the deadliest pandemic since the catastrophic Spanish Flu pandemic of 1918-1919. Coronavirus disease 

2019 (COVID-19), the highly infectious viral agent responsible for the COVID-19 pandemic began as a cluster of pneumonia cases reported 

in the Wuhan region of China in late 2019. This novel infectious disease spread rapidly to all parts of the world within a few months, and as of 

mid-2020, COVID-19 was fully established as a global pandemic. The search for urgent and effective treatments, as well as biomarkers of 

adverse disease outcomes are still ongoing. Current management of COVID-19 is supportive, and respiratory failure due to acute respiratory 

distress syndrome (ARDS) is the leading cause of mortality. A clear link between disease severity, hyper-inflammation, and major comorbidities, 

including hypertension, diabetes, and CVD has been established. This paper will seek to delineate the interplay of those markers of poor disease 

outcome with telomere length. 
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Introduction 

COVID-19 Overview: 

The novel coronavirus disease 2019 (COVID-19), caused by the 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has 

spread around the world at an unprecedented rate (Mahase, 2020). 

Due to its high infectiousness and rapid transmission rates, coupled 

with inadequate prevention and control measures, the pandemic 

continues to pose a serious global health emergency (Zheng et al., 

2020). Hospitalized patients rely mainly on supportive care for 

various comorbidities, including acute respiratory distress syndrome 

(ARDS), which is the leading cause of mortality (Mehta et al., 2020). 

While the COVID-19 CFR rate is slowing down, the condition 

remains deadly in patients presenting with certain risk factors (Rajgor 

et al., 2020). A small proportion of patients are hospitalized with a 

serious COVID-19 disease, and almost all these patients present with 

pre-existing conditions that also predict mortality (Atkins et al., 

2020). To date, the identification of presenting characteristics, 

comorbidities, and clinical outcomes in COVID-19 patients is well 

understood, but the factors or mechanisms behind the association are 

not well understood. The Centers for Disease Control and Prevention 

(CDC) website lists a number of conditions as key risk factors for a 

severe disease that requires special attention, including asthma; 

chronic kidney disease, (especially during dialysis); chronic lung 

disease; diabetes; hemoglobin disorders; an immunocompromised 

status; liver disease; being aged 65 years and above; being a resident 

in a nursing home or long-term care facility; the presence of serious 

heart conditions; and severe obesity (Centers for Disease Control 

and Prevention, 2020). Individuals with these risk factors are 

significantly more likely to experience poor clinical outcomes (Guan 

et al., 2020). 

 

Telomere length and COVID-19 Overview: 

Telomere is the repetitive DNA sequences located at the terminal end 

of chromosomes, (like the endcaps on shoelaces), and which are 

characterized by TTAGGG tandem repeats. These repeats cap the 

ends of chromosomes, protecting them from degradation (“fraying”), 

and end-to-end fusion, hence, maintaining genome integrity (Greider, 

1996; Valdes et al., 2005). Chromosomal abnormalities have been 

associated with shortened telomeres, particularly in replicative 

senescence cells (Allsopp et al., 1992). In humans, telomerase is 
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expressed all cell lines during the initial few weeks of embryogenesis, 

and subsequently the down-regulated most cell types (Herman et al., 

2001). DNA loses telomeric repeats with each cell division, and these 

losses are estimated to amount to 25 base pairs per year, and eventually 

resulting in replicative cellular senescence (Revesz et al., 2014). Shortened 

telomere length is a marker of an advanced chronological age, which 

associates with the comparatively higher frequency of disease 

morbidity/mortality (Rizvi, Raza, & Mahdi, 2014), (Herman et al., 2001), 

reported that it was the shortest telomere and not the average telomere length 

that determined cell viability and chromosome stability. The clinical 

significance of telomeres has been extensively investigated, with evidence 

pointing to the association of shorter telomere length with conditions such 

as depression, poor health behaviors, age-related diseases, progeria, and 

premature mortality. Children with the rare condition progeria have much 

shorter telomeres than do healthy children. A team of pediatric researchers 

led by Cooke and co- workers used a new technology called RNA 

therapeutics, which delivers small molecules into cells to alter their 

gene expression. These researchers were able to get the cells from 

children with progeria to produce telomerase, which suggests that this 

devastating disease may be altered. (Walther BK, Li Y, 

Thandavarayan RA, Cooke JP. Progeria and accelerated 

cardiovascular aging. Cardiol Plus [serial online] 2018 [cited 2021 

Feb 22]; 3:81-9. Available from: 

https://www.cardiologyplus.org/text.asp?2018/3/3/81/242082 

[SP2] ) In addition, there is mounting evidence of a link between 

shortened telomere length and the development of various infectious 

diseases (Kiecolt-Glaser et al., 2013). The COVID-19 outbreak has 

presented immense challenges to the global community, leading to 

concerted research efforts to enhance knowledge and understanding 

of this viral respiratory disease [SP3]. As part of the efforts, this 

review presents data on the association between telomere length and 

COVID-19, with a focus on the known link between telomere length 

and COVID-19 comorbidities, the shared deficiencies and 

mechanisms, and proximate link through other respiratory ailments. 

The knowledge gained contributes to the wider strategy to control COVID-

19, particularly in relation to the risk of severe COVID-19 disease that has 

been found to significantly associate with hospitalization and the risk of 

adverse disease outcomes. 

 

Major Comorbidities in Hospitalized COVID-19 Patients: 

Table 1: Major COVID-19 Comorbidities 

Major COVID-19 Comorbidity in Hospitalized Patients Occurrence % 

(Richardson et al., 2020) 

Hypertension 56.6 % 

Obesity 41.7 % 

Diabetes 33.8 % 

Cardiovascular Disease (coronary artery disease and 

congestive heart failure) 

18 % 

Chronic Respiratory Disease (asthma, and chronic 

obstructive pulmonary disease) 

17.3 % 

 

 

Kidney disease (chronic and end-stage 

kidney disease) 

8.5 % 

Cancer 6 % 

 

Source: Richardson et al., 2020. 

Several of the listed comorbidities are prominently cited elsewhere in 

the COVID-19 literature, and include hypertension, diabetes, and 

cardiovascular disease (Fang, Karakiulakis, & Roth, 2020; Wang et 

al., 2020; Richardson et al., 2020). 

 

Telomere Shortening and Health Risk: 

A key function of telomeres is to oversee cell surveillance by 

preventing nucleolytic degradation and the irregular fusions and 

recombination’s (Beilfuss, Camargo, & Kamycheva, 2017). The 

enzyme telomerase maintains telomere length at equilibrium as 

telomeres shorten with each replication cycle (Blackburn, 1991). 

Shortened or dysfunctional telomeres is one way through which cells 

from organisms with renewable tissue can permanently withdraw 

from the cell cycle, other ways can include DNA damage, strong 

mitogenic signals, and disputed chromatin (Campisi, 2005). The 

observed gradual loss of telomeric DNA may lead to chromosome 

instability (Beilfuss, Camargo, & Kamycheva, 2017). Telomere 

length serves as a clock indicating the pace of cellular aging 
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(Jeanclose et al., 2000). Findings from cross-sectional studies have 

demonstrated the role of advancing age in the steady decline of 

telomere length, highlighting how the decline is associated with 

various diseases that occur with aging, and how environmental factors 

may impact on differences in telomere length between individuals or 

ethnicities (Rizvi, Raza, & Mahdi, 2014; Mundstock et al., 2015). 

Generally, telomere shortening has been associated with cellular 

changes that usher in age-related changes and, hence, an increased 

susceptibility to age-related diseases (Beilfuss, Camargo, & 

Kamycheva, 2017). 

 

COVID-19 Comorbidities and Telomere Length: 

Longevity studies conducted over three decades have shown a link 

between telomere length, aging, and death. Telomere length in 

replicating somatic cells has an inverse correlation with age 

(Fitzpatrick et al., 2007). The finite replicative capacity, as 

determined by telomere length, is associated with the onset of age- 

related chronic diseases (Rizvi, Raza, & Mahdi, 2014). Various 

COVID-19 comorbidities (hypertension, obesity, diabetes, 

cardiovascular disease [coronary artery disease and congestive heart 

failure] chronic respiratory disease [asthma, and chronic obstructive 

pulmonary disease], kidney disease [chronic and end-stage], and 

cancer) have been established to associate with telomere attrition. 

Hypertension is the most prevalent of the COVID-19 comorbidities, 

and which has traditionally been associated with aging and 

cardiovascular disease mortality (Petrie, Guzik, & Touyz, 2018). 

Shorter telomere length is a consistent finding in hypertensive 

patients (Lung, Ku, & Kao, 2008; Fuster, Diez, & Andres, 2007; 

Yang et al., 2009). It is now hypothesized that mean leukocyte 

telomere length is predicts the risk of developing hypertension (Yang 

et al., 2009). Hypertension is also found to associate with 

cardiovascular disease, in fact, a significant proportion of mortalities 

in cardiovascular disease are attributable to hypertension (Wu et al., 

2015), (Yang et al 2009) found that though both short telomere length 

and hypertension were implicated in coronary heart disease, the two 

were independent risk factors for developing the disease. Findings by 

Fitzpatrick et al., (2007) showed that shortened leukocyte telomere 

length was linked to cardiovascular disease and, therefore, supported 

the hypothesis that telomere shortening associated with age-related 

diseases. Telomere shortening may coincide with the beginning of the 

atherosclerotic process, either at the onset and development of arterial 

hypertension or during myocardial infarction (Saliques et al., 2010). 

Accelerated atherosclerotic disease leads to cardiovascular 

complications (Lobo et al., 2010). A systematic review and meta- 

analysis conducted by (Haycock et al., 2014) on the association 

between telomere length and CVD showed an inverse relationship 

between telomere length and the risk of coronary heart disease. 

(Salpea et al., 2010) showed a correlation between telomere 

shortening, consequential premature cellular senescence, and the 

development type 2 diabetes. Shorter-age-adjusted leukocyte 

telomere length (LTL) was noted in type 2 diabetes subjects compared 

to controls (Salpea et al., 2010). A meta-analysis utilizing nine 

cohorts with a total of 5759 cases and 6518 controls showed a 

statistically significant association between shortened telomere length 

and type 2 diabetes (OR: 1.291; 95 % CI: 1.112, 1.498; P < 0.001) 

(Zhao et al., 2013). The association between chronic respiratory 

disease and shortened telomere length has been evaluated in several 

studies (Savale et al., 2009; Albrecht et al., 2014). (Savale et al., 

2009) showed that reduced lung function was linked to shortened 

length and, hence, an in increased risk of COPD. The findings are 

corroborated by a meta-analysis carried out by (Albrecht et al., 2014) 

that showed that telomere length in circulating leukocytes was 

associated with the pathogenesis of chronic conditions (such as 

COPD and asthma) and an overall decline in lung function that may 

reflect biological aging. The finding of telomere-shortening 

mutations in lung epithelial cells of patients suffering from COPD 

also provides evidence on the link between telomere shortening and 

chronic kidney disease (Fanner et al., 2012). Findings in two 

independent cohorts reinforced the evidence that relative telomere 

length is a marker and potentially a pathogenic factor for CKD 

progression (Raschenberger et al., 2015). Cellular senescence is a 

marker that underlies and influences the progression of nephropathy 

(Mazidi et al., 2017). 

Nutrient Deficiencies linked to Telomere Length and COVID-19: 

Vitamin D Deficiency 

Prolonged exposure to the sunlight degrades both pre-vitamin D3 and 

vitamin D3 into inactive photoproducts (Holick, 2007). The synthesis 

of vitamin D in the skin is also affected by factors such as latitude, 

total ozone, altitude, ground, cover, cloud thickness and skin color 

(Engelsen et al., 2005). Vitamin D2 and D3 sources from the diet are 

incorporated into chlyomicrons and transported by the lymphatic 

system into the venous circulation. Only a small fraction of foods 

naturally has vitamin D and include oily fish such as mackerel, 

salmon, herring, and oils obtained from fish, including cod liver oil 

(Holick & Chen, 2008). Circulating vitamin D is bound to the vitamin 

D binding protein and transported to the liver, where it is converted 

by vitamin D-25-hydroxylase to 25-hydroxyvitamin D [25(OH)D]. 

The vitamin 25-hydroxyvitamin D [25(OH)D] is a major circulating 

vitamin that is used by clinicians to determine vitamin D status 

(Holick, 2007). Most countries around the world have a relatively low 

supply of foods rich in vitamin D and a deficient natural exposure to 

natural UBV radiation from the sunlight and, hence, a high prevalence 

of vitamin D deficiency (> 20 % prevalence of 25(OH)D < 30 nmol/L) 

or the risk of vitamin D deficiency is identified around the globe 

(Roth et al., 2018). The high prevalence of vitamin D deficiency 

relates with high rates of prevalence of morbidity and mortality in 

vitamin D correlated diseases in health outcomes. 
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Vitamin D Deficiency and Telomere Shortening: Changes 

in vitamin D metabolism and activity occur during aging, including 

intestinal resistance to dihydroxyvitamin D (1, 25(OH)2D), which 

affects intestinal calcium uptake, and a decrease in the population of 

vitamin D receptors (de Jongh, van Schoor, & Lips, 2017). A national 

survey conducted on the association between telomere length and 

serum levels of 25(OH)2D in the United States adult population 

reported a possible association between 25(OH)D levels and telomere 

length (Mazidi, Michos, & Banach,2017). A study examining the 

relationship between plasma 25(OH)2D and relative leukocyte 

telomere length by sex and race in the US partly supported the 

findings, whereby, a significant association between vitamin D 

deficiency (defined as 25(OH)D < 30 nmol/L) and short leukocyte 

telomere length in whites only was identified, but no association was 

established between continuous 25(OH)2D and long leukocyte 

telomere length in all participants (Liu et al., 2018). A general 

population study, found that age, sex, BMI, and non-Hispanic black 

race/ethnicity were significant predictors of leukocyte telomere 

length (Beifuss, Camargo, & Kamycheva, 2017). Notably, a cross- 

sectional study failed to show any association between 25(OH)D and 

1,25(OH)2D and relative leukocyte telomere length (Julin et al., 

2017). 

As highlighted previously in the paper, DNA telomere length may be 

influenced by pro-inflammatory cytokines and oxidative stress 

(vonZglinicki, Burke, & Kirkwood, 2001; Elks & Scotts, 2014). It is 

believed that the release of reactive oxygen species (ROS) and pro- 

inflammatory cytokines, which are both induced by increased 

oxidative stress, damage telomere DNA eventually leading to 

telomere length shortening (Zhou et al., 2015). Vitamin D as an 

antioxidant has been shown to ameliorate injury caused by oxidative 

stress through suppression of the ROS-generating enzyme NADPH 

oxidase activity (Husain et al., 2015). In the absence of vitamin D, 

an accumulation of oxidative stress will occur and be likely associated 

with conditions such as insulin resistance, hypertension, and 

leukocyte telomere length in the longer term (Demissie et al., 2006). 

The up regulation of the antioxidant defense may also be involved in 

regulation of inflammatory mediators. 

Evidence shows that 1,25(OH)2D may have a role in several genomic 

activities, biochemical and enzymatic reactions, whereas 25(OH)D 

concentrations are critical in overcoming inflammation, destruction 

of invading pathogens, and the minimization of oxidative stress that 

occurs through exposure to toxic agents (Wimalawansa, 2019). For 

instance, optimal concentration of 25(OH)D enhances the expression 

of the nuclear factor, erythroid-2(Nf-E2)-related factor 2(Nrf2) and 

enhances the Klotho (a hormone involved in phosphate regulation and 

also serves as an anti-aging protein), which regulates cellular 

signaling systems, including the formation of antioxidants (Razzaque, 

2012). Vitamin D also reduces the expression of the inflammatory 

mediator’s interleukin-2 and interferon gamma, effectively limiting 

the turnover of cells and hence, potentially reducing telomere length 

(Paul, 2011). A randomized double-blind placebo-controlled clinical 

trial showed that in vitamin D deficient and overweight women with 

polycystic ovary syndrome (PCOS), the supplementation of calcium 

and vitamin D influenced inflammatory and oxidative stress 

biomarkers (Foroozanfard et al., 2015). 

Vitamin D Deficiency and COVID-19 

A significant proportion of COVID-19 research has been devoted to 

understanding the role played by vitamin D. Findings by (Merzon et 

al., (2020) showed that low plasma 25(OH) vitamin D level was 

associated with an increased risk of COVID-19 infection. A possible 

link between vitamin D deficiency and latitude, ethnicity, alongside 

the impact on cytokines, ACE2, and thrombosis was demonstrated 

(Rhodes et al., 2020). Optimization of the vitamin D status has also 

been used widely to enhance immune-protection against COVID-19 

(McCartney & Byrne, 2020). Therefore, there is a strong link 

between COVID-19 and vitamin D deficiency. 

Vitamin D Deficiency and COVID-19 Comorbidities 

COVID-19 is new phenomenon and, therefore, its direct link to 

vitamin D deficiency is currently not well understood. A proximate 

association between vitamin D and COVID-19 can be established 

through the already understood association between vitamin D and 

COVID-19 comorbidities. The findings can be used to develop a 

hypothesis between vitamin D and COVID-19.  

Vitamin D deficiency is associated with metabolic syndrome and 

morbid obesity (Botella-Carretero et al., 2007). A US study that 

identified a high prevalence of vitamin D deficiency among 

overweight and obese children (Turer, Lin, & Flores, 2013). In an 

attempt to explain the link between vitamin D deficiency and obesity, 

an animal model study suggested that the involvement of vitamin D 

receptor (VDR) in energy metabolism, implying that certain VDR 

polymorphisms are associated with obesity (Wong et al., (2011). 

Experimental data has suggested that vitamin D deficiency could be 

causing greater adiposity by promoting parathyroid hormone levels 

and an overflow of calcium into adipocytes and, hence, increasing 

lipogenesis (Yao et al., 2015). The link between vitamin D deficiency 

and hypertension and CVD is explained by the fact that vitamin D is 

an effector of the conversion of angiotensinogen via renin to 

angiotensin-I and the further conversion to angiotensin-II by the 

angiotensin-converting enzyme (ACE) (Kota et al., 2011; El MAATY 

& Gad, 2013). Transgenic mice studies have demonstrated the 

important role of vitamin D as a negative regulator of renin activity 

(El MAATY & Gad, 2013). Additionally, vitamin D deficiency may 

be involved due to the fact that vitamin D plays a role in the regulation 

of vascular endothelium, as evidenced by its ability to modulate the 

nitric oxide (NO) system; and through the cardiovascular effects of 

secondary hyperparathyroidism, which occurs when vitamin D 

deficiency is left untreated (Lee et al., 2008; El MAATY & Gad, 

2013). Vitamin D deficient status is also widely associated with type 

2 diabetes or insulin resistance, with various molecular mechanisms 
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put forth in an attempt to explain the association (Ozfirat & 

Chowdhury, 2010). Evidence suggests that vitamin D may play a role 

in the insulin secretion, first through the finding of VDR in β cells and 

vitamin D-dependent calcium-binding proteins (DBP) in pancreatic 

tissue, secondly due to the fact that vitamin D has been found to play 

a role in normal insulin release in response to glucose and 

maintenance of tolerance against glucose and, hence, the finding by 

several studies that hypovitaminosis D might be playing an important 

role in the pathogenesis of type 2 diabetes in human beings (Palomer 

et al., 2008; Szymczak-Pajor & Sliwinska, 2019). In relation to 

chronic respiratory disease, vitamin D has increasingly been 

recognized as a prevalent problem. Patients with chronic lung 

diseases such as asthma, cystic fibrosis, chronic obstructive 

pulmonary disease (COPD), and intestinal pneumonia are found to be 

at an increased risk for vitamin D deficiency (Gilbert, Arum, & 

Smith, 2009; Finklea, Grossmann, & Tangpricha, 2011). Besides 

evidence showing that vitamin D deficiency is associated with 

chronic respiratory diseases such as COPD, other studies have 

reported on the potential beneficial effect of high doses of vitamin D 

in reducing exacerbations in COPD (Lethouck et al., 2012). Studies 

in murine model of bone metastasis provide evidence that vitamin D 

deficiency plays a role in the promotion of cancers, such as breast 

cancer (Crew et al., 2009). Vitamin D exerts antiproliferative, 

prodifferentiation, and proapoptotic effects on nonclassic target 

tissues such as breast and, hence, its deficiency is thought to promote 

the growth of breast cancer, as demonstrated in the bones of nude 

mice by (Ooi et al., (2010). Studies conducted in patients suffering 

from chronic kidney disease also show low levels of circulating 

vitamin D, in addition to Parathyroid hormone (PTH), calcium, and 

phosphorous (Levin et al., 2007). 

 

Zinc Deficiency: 

Zinc is an essential trace element that has attracted a lot of medical 

attention due to its role in human nutrition and health. Zinc has three 

major roles, including catalytic, regulatory, and structural (Myers, 

Nield, &Myers, 2012). Besides functioning as a structural component 

in proteins, Zinc is essential for other cellular functions, including cell 

proliferation, DNA and RNA synthesis, stabilization of cell 

structures/membranes, redox regulation, and apoptosis (Maywald, 

Wessels, & Rink, 2017). Zinc is the second most abundant trace 

element in the human body after iron, but the body lacks the capacity 

and, hence, the need for regular intake through food or 

supplementation (Jarosz et al., 2017). The physiological role of zinc 

is best explained through its association with metallothioneins (MTs), 

which are cysteine-rich proteins that bind to metal ions such as zinc. 

The MT as a protein isoform with unique amino acid sequence has 

affinity to different ions, including Zn2+ and Cu+, mainly functioning 

as an antioxidant or a radical scavenger (Gammoh & Rink, 2017). 

Several MTs, including 14 zinc importers (SLC39/ZIPs), and 10 zinc 

exporters (SLC30/ZnTs) have been described in mammals (Myers, 

Nield, & Myers, 2012). Mild cellular oxidants readily oxidize MTs, 

followed by a concomitant release of Zn2+ in a mechanism whereby 

changes to a more oxidizing conditions leads to the release of zinc, 

while changes to a more reducing environment results into zinc 

binding (Krezel & Maret, 2012). Evidence shows that MTs 

themselves act as potent electrophilic scavengers and cytoprotective 

agents against inflammation and inflammatory injury, with ability to 

capture a wide range of ROS, such superoxide, hydroxyl radicals, 

hydrogen peroxide, and nitric acid (Jarosz et al., 2017). MT traduce 

signals through the release of zinc ions, which in turn activate 

intracellular response to antioxidant stress. Zinc deficiency has an 

inverse relationship with cellular oxidative stress and has also been 

demonstrated to increase the production of ROS in various cells, such 

as mouse 3T3 cells, rat C6 glioma cells, human fibroblasts, and 

epithelial and neuronal cells (Choi, Liu, & Pan, 2018). 

 

Zinc Deficiency and Telomere Length: 

The role of zinc in the maintenance of optimal health and genomic 

stability has been widely studied. Zinc plays a critical role in the 

activation of poly (ADP-ribose) polymerase that is involved in the 

repair at DNA damage sites (Paul, 2011). In humans, zinc deficiency 

has been shown to cause DNA damage. DNA damage may cause 

telomere shortening by triggering the fusion between chromosomes, 

which often takes place following telomere cap attrition associated 

with DNA damage (Paul, 2011). In older individuals, the percentage 

of cells of with critically shortened telomeres and a decrease in 

telomere length has been associated with the reduction in the 

concentration of intracellular labile zinc and zinc-binding protein MT 

in peripheral blood mononuclear cells (Cipriano et al., 2009). 

Shortened telomeres may create physiological conditions that mimic 

old age, possibly leading to the impairment of zinc homeostasis and 

MT expression, which may in turn contribute to further shortening of 

telomeres due to the role of zinc in the modulation of telomerase 

activity (Siren & Siren, 2010). Maternal diet that is deficient in zinc 

causes chromosomal abnormalities, including a demonstration of 

fusion between different chromosomes in rat models (Bell et al., 

1975). The loss of telomere cap through attrition following DNA 

damage associated with zinc deficiency has been suggested to be one 

of the reasons as to why the fusion takes place. 

The protective role of zinc against oxidative stress is well-understood. 

While no direct evidence has been found in relation to the role of zinc 

in the removal of ROS or free radicals, it is known that dietary zinc 

deficiency is associated with oxidative damage, which can be reduced 

through zinc supplementation, which is in turn associated with a 

decreased incidence of infections in the elderly (Prasad et al., 2007). 

Experiment in purified systems shows zinc binding decreases the 

susceptibility of sulfhydryl groups to oxidation (Bray & Bettger, 

1990). A continuous correlation between oxidative stress and 
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telomere shortening is fibroblasts has previous established (Richter & 

von Zglinicki, 2007), with evidence showing that oxidative stress 

may accelerate shortening (Serra et al., 2000), in addition to 

shortened telomere length functioning as a marker for chronic 

oxidative stress (Houben et al., 2008). An experiment conducted by 

(Serra et al., (2000) showed that the expression of antioxidant 

enzymes (cGPX and CuZnSOD) in messenger RNA (mRNA) was 

associated with slower telomere shortening, while lower expression 

of these enzymes was associated with higher rates of oxidative protein 

damage, measured in terms of protein carbonyl content. Therefore, 

lower levels of the enzymes as result of zinc deficiency may directly 

contribute to oxidative stress, which will in turn lead to telomere 

shortening. 

Zinc Deficiency and COVID-19: 

Zinc is known to modulate antibacterial and antiviral immunity, 

besides regulating the inflammatory response (Skalny et al., 2020). 

Even with limited evidence, Zinc supplementation was considered as 

one of the therapeutic approaches in the prevention in COVID-19. 

The use was based on availability of evidence regarding zinc status 

and respiratory tract infections (Wessels, Rolles, & Rink, 2020). A 

study conducted by (Jothimani et al., (2020) showed that zinc 

deficient COVID-19 patients developed more complications 

compared to those with a normal zinc status (70.4 % vs 30.0 %, p = 

0.009) and, therefore, providing evidence that zinc deficiency played 

a role in COVID-19.

 

Zinc Deficiency and Covid-19 Comorbidities: 

Zinc deficiency is a common comorbidity in many chronic diseases, 

including major COVID-19 comorbidities in which the association is 

mainly described in terms of inflammatory and oxidant induction 

(Devirgilis et al., 2007). Epidemiological studies show that low zinc 

intake and low serum levels of zinc are linked to increased prevalence 

of obesity and its comorbid conditions, such as diabetes and CVD 

(Garcia, Long, & Rosado, 2009). In addition to the association with 

a high prevalence of obesity, zinc deficiency has also been associated 

with increased oxidative stress and the inflammatory response in 

obese individuals, which includes a link between low superoxide 

dismutase activity and obese individuals (Tungtrongchitr et al., 

2003).As reported by (Chen et al., (1998) fasting plasma zinc 

concentrations have an inverse relationship to BMI and plasma 

glucose levels, a finding that also points to a possible role of zinc in 

diabetes (another key COVID-19 comorbidity). In relation to 

diabetes, essential dietary zinc and proteins that modulate zinc 

metabolism play a key role in metabolic homeostasis in peripheral 

tissues that respond to insulin (Myers, Nield, & Myers, 2012). 

Mounting evidence shows that insulin resistance may be associated 

with zinc deficiency, with some of the mechanisms proposed to 

explain insulin resistance during zinc deficiency including the 

following: zinc deficiency causes impairment in insulin secretion by 

the pancreas; zinc deficiency may interfere with insulin receptor 

binding; zinc deficiency may also lead to decreased insulin receptor 

synthesis; and that zinc deficiency may cause abnormal glucose 

carrier structure and/or translocation inside the cell due to increased 

lipid peroxidation (Salgueiro et al.,2001). Research findings also 

show that diabetic patients have significantly lower mean serum zinc 

levels compared with healthy controls, and that zinc supplementation 

for type-2 diabetics had a beneficial effect of elevating serum zinc 

level (Al-Maroof& Al-Sharbatti, 2006). 

Zinc is also thought to play a role in the development and presentation 

of hypertension and CVD. Findings show that low dietary intake of 

zinc correlates with the pathogenesis of hypertension (Chiplonkar et 

al., 2004). A study conducted by (Williams et al., (2019) found that 

dietary restriction of zinc reduced the renal bioavailability of Zn2+, 

effectively promoting the uptake of sodium ions (Na+), which in turn 

induces hypertension. Zinc deficiency associates with impaired zinc 

homeostasis through direct effect on levels of intracellular free zinc, 

which may exacerbate oxidative stress and play a role in the 

pathogenesis of CVD and other chronic diseases, including diabetes 

mellitus (Foster & Samman, 2010). Older patients with hypertension 

and CVD may also present with enhanced inflammatory agents, 

which may trigger the influx of zinc within cells mediated by specific 

zinc importers (Liuzzi et al., 2005). 

Zinc deficiency may also be linked to chronic kidney disease (CKD). 

A possible association is through the inflammatory response in 

obesity, which often includes the loss of zinc from some tissues, such 

as plasma, and accumulation of zinc in some tissues such as the liver 

(Lobo et al., 2010). Zinc metabolism abnormalities have long been 

documented in chronic renal disease, particularly in association with 

uremia and nephrotic disease (Mahajan, 1989). In cancer, zinc up- 

regulates telomerase activity, which is associated with unlimited 

proliferation of cancer cells (Nemoto et al., 2000). Physiologically, 

tumors require zinc to survive and grow, but the provision of excess 

zinc may be associated with tumor cell apoptosis, although with a 

possible variation in sensitivity in different types of tumors (Siren& 

Siren, 2010). 

 

Glutathione Deficiency: 

Glutathione (γ-glutamyl-L-cysteinyl glycine, GSH) refers to the non- 

protein cell molecule with the most abundance of all sulfhydryl 

groups, and which is essential for both direct (chemical) and 

enzymatic neutralization of toxic reactive oxygen species (ROS), 

specifically ensuring cellular protection against oxidants (Wu et al., 

2004). Glutathione is an in vivo synthesized antioxidant, which results 

from the action of gamma-glutamyl cysteine and GSH synthetase 

enzymes on glutamate, cysteine, and glycine (Griffith, 1999). 

Reduced GSH is the most common non-protein thiol in animal cells 

and has been identified to be a major intracellular antioxidant, 
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facilitating the detoxification of electrophilic compounds and 

peroxides via glutathione-S-transferases (GST) catalysis (Fraternale 

et al., 2009). In an oxidative environment, two GSH molecules have 

their sulfur atoms donating one electron each, a process that results in 

the conversion of GSH to glutathione disulfide (GSSG), which can in 

turn be reduced back to the initial GSH molecule through the action 

of GSSG reductase (GR) (Giustarini et al., 2016). Glutathione 

deficiency may lead to chronic oxidative stress, which has been 

associated with the acceleration of senescence (Kurz et al., 2004). 

Antioxidant activity in plasma is mainly regulated by glutathione 

peroxidase 3 (GPx3) (Upchurch et al., 1998). Glutathione deficiency, 

which may be marked by a decrease in the levels of GSH or GSSG in 

blood may be common in patients with chronic diseases, including 

cancer, genitourinary, gastrointestinal, cardiovascular disease, and 

musculoskeletal diseases (Beeh et al., 2002). 

 

Glutathione deficiency and Telomere shortening: 

Levels of GSH have traditionally been used as a marker of oxidative 

status of a cell, which already shows an indirect link between GSH 

deficiency and telomere length. A study conducted by (Ibanez- 

Cabellos et al., (2018) showed that reduced levels of GSH and GSSG 

triggered oxidative stress. Chronic oxidative stress compromises 

telomere integrity, accelerating the onset of senescence in human 

endothelial cells (Kurz et al., 2004). (Hadi, Smaism, & Albayati 

(2016) identified a link between significantly increased levels of 

glucose, telomerase enzyme, and glutathione peroxidase, suggesting 

an association between glutathione deficiency and telomere 

shortening. 

 

Glutathione deficiency and COVID-19: 

As COVID-19 is an entirely new phenomenon, not a lot of research 

evidence is available on the relationship between COVID-19 and 

glutathione deficiency. Limited evidence indicates that glutathione 

supplementation enhances redox homeostasis, which improves 

outcomes in COVID-19 patients (Polonikov, 2020). Glutathione 

deficiency is therefore a common finding in both telomeres 

shortening and COVID-19. 

 

Glutathione Deficiency and COVID-19 Comorbidities: 

A decrease GSH levels is generally observed in chronic diseases 

(Lang et al., 2000; Kurz et al., 2004). The fact that glutathione 

deficiency associates with increased oxidative stress, a well- 

recognized etiological factor in the chronic diseases, leads to 

implication of possible glutathione deficiency in the different 

COVID-19 comorbidities. GPx3 is shown to be highly expressed in 

adipose tissue, and a reduction in its expression is found in obese 

subjects, which further contributes to local and systematic oxidative 

stress (Lee et al., 2008). Other studies have shown that the 

progression of morbid obesity may be associated with glutathione 

peroxidase 1 (GPx1) (Carazo et al., 2011). Glutathione plays a role 

in nitric oxide metabolism, which facilitates the control of blood 

pressure, in glutathione deficient states an increase in oxidative is 

found and is well-recognized etiological factor in the developmentof 

hypertension (Robaczewska et al., 2016). In glutathione-deficient 

CVD patients, a significant reduction in antioxidant status is found, 

with a concomitant increase in the concentration of lipid peroxidation 

products, providing evidence that the glutathione antioxidant system 

plays an important role in the prevention of development and 

progression of CVD (Karajibani et al., 2009). In patients suffering 

from type 2 diabetes, altered glycemic mechanisms have been 

associated accelerated glutathione utilization and depletion 

(Lutchmansingh et al., 2018). The findings suggest that glutathione 

deficiency may have a role to play in the development and 

progression of diabetes. In relation to chronic lung disease, 

oxidant/antioxidant imbalance is regarded as the major cause of cell 

damage, which is forms the hallmark for lung inflammation, with 

alterations alveolar and lung GSH metabolism recognized as a central 

feature in numerous chronic inflammatory lung diseases (Rahman, 

2005). 

 

Key Mechanisms Involved in COVID-19, its 

Comorbidities, and Shortened Telomere Length 

A number key COVID-19 comorbidities included in the present paper 

have comparable pathophysiological pathways that are suspected to 

associate with poor prognosis in COVID-19 disease. Some of the 

mechanisms are also evident in shortened telomere length. Common 

mechanisms that contribute to the pathophysiology of age-related 

diseases involve oxidative stress and inflammation. 

 

Oxidative Stress 

The production of oxygen reactive species (ROS) usually occurs as 

an aspect of aerobic metabolism, and environmental factors such as 

cigarette smoking, and inhalation of air pollutants. Aerobic 

metabolism to generate ATP, includes oxidative phosphorylation 

(OXPHOS) that has ROS as an inevitable byproduct (Schiavi & 

Ventura, 2014). ROS are potent reactive molecules that can alter the 

function of or cause damage to cell structures, including 

carbohydrates, lipids, nucleic acids, proteins (Birben et al., 2012). In 

healthy aerobic organisms, the production of ROS is usually balanced 

with the antioxidant defense system. Oxidative stress can be described 

as a shift in the balance between oxidants and antioxidants in the favor 

of oxidants (Birben et al., 2012). The regulation of the redox 

(oxidizing) state is critical for the viability, activation, and 

proliferation of cells and, hence, overall organ function. While an 

integrated antioxidant system is present in aerobic organisms, 

including enzymatic and non-enzymatic antioxidants that effectively 

block the effects of ROS, pathological conditions may cause the 

overwhelming of the antioxidant system (Birben et al., 2012). In fact, 
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oxidative stress, may modulate different health conditions that will 

negatively impact on telomere length and associated with chronic 

diseases (Mundstock et al., 2015). 

Oxidative Stress, COVID-19 and COVID-19 

Comorbidities: 

Studies on the link between COVID-19 and oxidative stress are still 

on-ongoing. However, published scientific evidence shows that 

changes observed in COVID-19 patients show involvement of 

oxidative stress, including coagulopathy, cell hypoxia, and 

amplification and perpetuation of the cytokine storm (Cechini & 

Cecchini, 2020). Nevertheless, it is fairly understood that COVID-19 

comorbidities, including diabetes, hypertension, cancer, and 

cardiovascular diseases, and severe asthma may involve oxidative 

stress and inflammation. Demissie et al., (2006) reported on the link 

between insulin resistance, oxidative stress, hypertension, and 

leukocyte telomere length. Using terminal restriction fragment (TRF) 

length, the authors explored how leukocyte telomere length was 

associated with insulin resistance, hypertension, and oxidative stress. 

Based on their findings, the researchers reported that hypertension, 

insulin resistance, and oxidative stress were associated with shorter 

leukocyte telomere length (Demissie et al., 2006). A study showed 

that arterial telomere uncapping could be playing a role in 

hypertension through tumor suppressor protein P53 (P53)/ cyclin- 

dependent kinase inhibitor 1A (P21) induced senescence (Morgan et 

al., 2014). Further logistic regression conducted to compare 

significant predictors of a hypertension status, and the results showed 

that localized telomeres and BMI status were both significant 

predictors of a hypertension status (Morgan et al., 2014). An increase 

in pulse pressure and stiffness of the central arteries are found 

associated with aging, and also serve as independent indicators of 

cardiovascular risk (Jeanclose et al., 2000; Benetos et al., 2001). 

(Fyhrquist et al., (2011), investigated the relationship between 

leukocyte telomere length and risk of cardiovascular diseases in high- 

risk hypertensive populations. The findings of the study showed that 

leukocyte telomere length was associated with risk factors for type 2 

diabetes and served as a predictor of cardiovascular disease in elderly 

patients with hypertension (Fyhrquist et al., 2011). Studies have also 

shown that short telomere length was associated with obesity 

parameters, with some findings indicating that there was a gender 

difference in relation how the obesity phenotype was related to 

telomere length (Nordfjall et al., 2008). Chronic asthma, another key 

COVID-19 comorbidity, has significantly been associated with other 

chronic conditions in older adults, including obstructive pulmonary 

disease, cardiovascular disease, and cancer, in addition to creating a 

substantial risk for early mortality (Iribarren et al., 2012; Belsky et 

al., 2014). Using a cohort of 203, 595 Northern California adults with 

asthma and a parallel asthma-free cohort, (Iribarren et al., (2012) 

showed that asthma was prospectively associated with an increased 

risk of major cardiovascular disease (CVD). Obesity, a key COVID- 

19 comorbidity is known to alter metabolic process in a manner that 

leads to the establishment of the other COVID-19 comorbidities. A 

study conducted by (Cattan et al., (2008) showed that chronic 

oxidative stress induced through the depletion of tissue glutathione 

resulted into telomere length attrition, and thus contributed to the 

understanding of the link between glutathione deficiency, oxidative 

stress, and telomere length. 

 

Link Between Oxidative Stress, Metabolic Syndrome, 

and COVID-19 Comorbidities: 

A dysfunction in the nutrient and pathogen-sensing mechanisms often 

leads to a cluster of chronic metabolic disorders, particularly obesity, 

type 2 diabetes, and cardiovascular disease (Hotamisligil, 2006). 

Obesity has been identified as a key common risk factor for many 

conditions, including hypertension, diabetes, and cardiovascular 

diseases. People suffering from obesity have been found to have 

increased levels of oxidative stress and inflammation (Furukawa et 

al., 2013; Monteiro & Azevedo, 2010). According to (Furukawa et 

al., (2013) fat accumulation correlates with oxidative stress in both 

humans and mice, which is augmented by the expression of NADPH 

oxidase and the decreased expression of antioxidative enzymes. 

According to (Lobo et al., (2010) adipose tissue is an important 

producer of several hormones, growth factors, and cytokines (such as 

leptin, adipsin, resistin, angiotensinogen, TNF-α, plasminogen 

activator inhibitor type-1, and IL-6). As such, obese individuals may 

experience challenges associated with the regulation of adipose- 

tissue-generated hormones, growth factors, and cytokines. Obesity 

has been identified to be an important risk factor for metabolic 

syndrome; a cluster of conditions that occur together, increasing the 

risk of heart disease, stroke, and type 2 diabetes, among other 

conditions. 

 

Figure 1: Metabolic Syndrome and Oxidative stress 
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*With obesity at the center, the relationship between severe COVID- 

19 comorbidities, oxidative stress and inflammatory mediators, and 

telomere length is clarified. 

 

As hypothesized by (Furukawa et al. (2004) and confirmed in later 

studies, obesity is causative agent in the development of metabolic 

syndrome. Key disturbances implicated in metabolic syndrome 

include glucose intolerance, central obesity, dyslipidemia 

(hypertriglyceridemia, elevated nonesterified fatty acids [NEFAs], 

and decreased high-density lipoprotein [HDL] cholesterol), and 

hypertension (Azevedo et al., 2009). While the origin of metabolic 

syndrome is not yet clarified, there is increasing evidence that obesity 

(as shown in the flow chart above) may be one of the factors 

(Monteiro & Azevedo, 2010). Evidence shows that phagocytic 

NADPH oxidase overactivity accounts for oxidative stress in 

metabolic syndrome (Fortuna et al., 2006). This is coupled with the 

decreased production of antioxidative enzymes and elevated levels of 

fatty acids as a result of dysregulated production of adipocytokines 

(fat-derived hormones) such as adiponectin, plasminogen activator 

inhibitor–1, IL-6, and monocyte chemotactic protein–1, causes a 

further increase in oxidative stress (Furukawa et al. 2014). The 

resultant oxidative stress is then thought to play a critical role in the 

pathogenesis of different diseases (Brownlee, 2001). In the diabetic 

condition, evidence shows that oxidative stress leads to impaired 

glucose uptake in muscles and fat (Maddux et al., 2001; Rudich et 

al., 1998). As described by Matsuoka et al., (1997), oxidative stress 

also leads to decreased insulin secretion from pancreatic β cells and 

is also underlies the pathophysiology of other conditions such as 

hypertension and atherosclerosis as explained by (Vasdev, Gill, & 

Singal, (2006). 

 

Inflammatory Response, COVID-19, and COVID-19 

Comorbidities: 

Inflammatory and oxidative processes are considerably involved in 

cellular homeostasis, and the two biomarkers may have a concomitant 

Figure 1: Graphic representation of the cytokine storm or 

independent relationship with telomere attrition and COVID-19 

comorbidities. The inflammatory response initially involves the acute 

phase response (APR), which describes how the body responds to any 

tissue damage and infection through a series of specific physiological 

reactions in its attempt to repair the damage caused by offending 

organisms, promote wound healing, and recruit host defense 

mechanisms, including the innate immune response (Black, 2003). 

Acute inflammation involves the recruitment of leucocytes from the 

circulation, described as the initial trafficking of polymorphonuclear 

granulocytes and monocytes, followed by local differentiation into 

macrophages (Lawrence & Gilroy, 2007). Acute phase proteins 

(APPs) include “positive” APPs that are up-regulated in response to 

injury or infection or “negative” acute phase proteins that are down- 

regulated in response to in response to injury or infection. Cytokines, 
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and particularly IL-6, are the primary inducers of APR. Studies on 

inflammatory markers, such as C-reactive protein (CRP) and the 

proinflammatory cytokines TNFa and IL-6, have implicated the 

inflammatory pathway as one of the underlying pathogenic 

mechanisms in many diseases (Arida et al., 2018). 

 

Acute inflammation in COVID-19: 

Following a COVID-19 infection, an inflammatory response is 

mounted within 7 to 10 days to limit inflection spread (Manjili & 

Manjili, 2020). Uncontrolled inflammation has been directly 

implicated in COVID-19 and is currently regarded as a key predictor 

of severe disease and adverse COVID-19 outcomes (Burke et al., 

2020). Unmodulated acute inflammatory response in COVID-19 

results in “cytokine storm”, often seen in sepsis, COVID-19, and 

other severe respiratory disease caused by coronaviruses (Manjili & 

Manjili, 2020). In COVID-19, cytokine storm is manifested as a 

hyperproduction of pro-inflammatory cytokines, including IL-1, IL- 

6, IL-12, IFN-γ, and TNF-α, which are found in significantly higher 

levels in intensive care unit (ICU) admitted COVID-19 patients 

(Costela-Ruiz et al., 2020). 

 

 

Source: Costela-Ruiz, 2020. 

 

Chronic Inflammation Metabolic Syndrome, Shortened 

Telomere length, and COVID-19 Comorbidities 

Chronic inflammation can be described as a failure in the resolution 

of acute inflammation, especially in relation to the clearance of 

macrophages from inflamed site (Lawrence & Gilroy, 2007). During 

the chronic inflammation phase, cytokine interactions result in 

monocyte chemotaxis to the cite of inflammation, where macrophage 

activating factors, including IFN-γ, MCP-1, activate the macrophages 

while migration inhibition factors (MIF), such as GM- CSF (38) and 

IFN-γ, retain them at the inflammatory site (Feghali & Wright, 1997). 

Oxidative stress may lead to inflammation through the activation of 

several transcription of factors, which result into the differential 

expression of various genes (Hussain et al., 2016). Chronic 

inflammation may also be associated with telomere shortening (Shin 

& Shin, 2019). 

 

Obesity and the metabolic syndrome are also accompanied by a 

peculiar inflammatory state that is not accompanied by infection, 

autoimmunity, or massive tissue loss (Monteiro & Azevedo, 2010). A 

section of researchers has attempted to coin the name 

“metaflammation” to refer to the fact that the inflammation is 

triggered metabolically. Recent studies have shown a relationship 

between obesity indices and inflammatory markers, such as C - 

reactive protein (CRP), where a high level of CRP in the blood is used 

as a marker of inflammation. According to, obesity, insulin resistance, 

and type 2 diabetes are closely associated with chronic 

“inflammation”, which is often characterized by abnormal cytokine 

production, increased acute-phase reactants and other mediators, in 

addition to the activation of a network of inflammatory signaling 

pathways (Wellen, 2005). According to (Lobo et al., (2010), during 

the inflammatory response associated with obesity and chronic kidney 

disease (CKD), internal redistribution of zinc occurs, including the 

loss of zinc from some tissues (such as plasma) and accumulation of 

zinc in some tissues such as the liver. The changes in redistribution 

may present serious structural and functional challenges in zinc-

dependent physiological processes. A link between zinc deficiency, 

oxidative stress, and inflammation can be established in certain 

individuals suffering from obesity. 
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Figure 2: Association between Obesity, Zinc Deficiency, Oxidative Stress and Inflammation 

 

 

 

It is not well understood whether telomere length predicts metabolic 

alterations over an extended period of time as most studies have 

tended to examine cross-sectional and longitudinal relationships 

between telomere length and components of metabolic syndrome. 

Even so, there is a general agreement that shorter telomere length at 

baseline, cross-sectionally associates with a worse metabolic profile 

and with worse predictable trajectories for metabolic syndrome 

(Revesz et al., 2014). 

 

Telomere Length and Respiratory Infections: 

COVID-19 is one of the many infectious diseases that affect the 

respiratory system. The nature of COVID-19 infection and 

pathogenesis in the lower and upper respiratory systems is largely 

comparable to other pathogenic respiratory infections and, hence, 

existing evidence on association between telomere length and 

respiratory infections may be indicative on the role of telomere length 

in COVID-19. The relationship between telomere length and 

respiratory infections has been explored by a number of studies. An 

investigation on the risk of experimentally induced upper respiratory 

infection in healthy adults and leukocyte telomere length showed that 

shorter leukocyte telomere length, particularly in CD8 and CD28 

cells, was associated with an increased risk of infection and clinical 

illness (Cohen et al., 2013). The hypothesis was partly supported by 

Kiecolt-Glaser et al., (2013) by showing that telomere length acted as 

a limited mediator in the association between childhood 

socioeconomic status susceptibility to upper respiratory infections. 

 

Evidence Summary: COVID-19 and Telomere Length: 

Based on the analysis conducted in the previous sections, there is 

evidence of an association between telomere shortening and COVID- 

19, and includes shared deficiencies, mechanisms, finding

 

 

Table 3: Biomarkers of Short Telomere Length (STL) and Association with COVID-19 

STL Biomarker Evidence Findings in COVID-19 

Oxidative Stress Correlation between telomere shortening in 

fibroblasts and oxidative stress established; 

shortened telomere length long-identified as a 

marker of oxidative stress; experimental data 

shows that reduced expression of antioxidant 

enzymes (cGPX and CuZnSOD) in messenger 

RNA (mRNA) increases rate of telomere 

shortening (Richter & von Zglinicki, 2007; 

Houben et al., 2008; Serra et al.,2000). 

Oxidative stress is also implicated in major 

COVID-19 comorbidities, particularly through 

metabolic syndrome trajectories 

(Revesz et al., 2014). 

Preliminary studies show that oxidative 

stress may be involved in the 

pathogenesis of COVID-19, and its 

effect ameliorated through Vitamin D 

supplementation (McCartney & Byrne, 

2020; Cocchini & Cochini, 2020). 
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Inflammation 

(Chronic and Acute) 

There is no evidence on direct link between 

acute inflammation and telomere length. 

Chronic inflammation is however suggested to 

contribute to inflammation, besides being 

associated with oxidative stress (Hussain et al., 

2016; Shin & Lee, 2019). 

Uncontrolled inflammation is widely 

reported in COVID-19 (Burke et 

al., 2020). Numerous 

hyperinflammatory cytokines observed 

in COVID-19, including pro- 

inflammatory cytokines, including IL-

1, IL-6, IL-12, IFN-γ, and TNF-α. 

Chronic conditions such as COPD, that 

are characterized by chronic lung 

inflammation also contribute to 

adverse COVID-19 outcomes. 

Glutathione 

Deficiency 

Reduced levels of the GSH is a key cellular 

oxidative stress. Chronic oxidative stress 

compromises telomere integrity (Kurz et al., 

2004). Correlated changes in the levels of 

telomerase enzyme, glutathione peroxidase, and 

glucose point to potential role for GSH 

deficiency in telomere shortening (Hadi, 

Smaism, & Albayati, 2016). GSH deficiency 

observed in major COVID-19 comorbidities, 

including obesity, diabetes, CVD, inflammatory 

lung disease (Lee et al., 2008; Karajibani et al., 

2009; Lutchmansingh et al., 2018; Rahman, 

2005) 

Glutathione  deficiency 

suggested to be the likely cause of

  serious 

manifestations and death in COVID-19 

(Polonikov, 2020) 

Zinc Deficiency Zinc Deficiency causes DNA damage, 

which results into telomere shortening ((Paul, 

2011). In older adults, decreased telomere 

length is associated with reduction in the 

concentration of intracellular labile zinc and 

zinc- binding protein MT in peripheral blood 

mononuclear cells (Cipriano et al.,2009). Zinc 

deficiency promotes ROS production in mouse 

3T3 cells, rat C6 glioma cells, human 

fibroblasts, and epithelial neural cells (Choi, 

Liu, & Pan, 2018). The link between ROS and 

shortened telomere length is well established. 

Zinc is directly involved in 

the modulation of antiviral immunity 

through regulation 

of inflammatory response (Skalny et 

al., 2020). Zinc- deficient COVID-19 

patients developed 

Vitamin D 

Deficiency 

Studies have largely failed to show a 

relationship between telomere shortening and 

both 25(OH)D and 1,25(OH)D (Julin et al., 

2017). Vitamin D deficiency is however 

correlated with major COVID-19 comorbidities, 

including obesity (Botella-Carretero et al., 

2007; Turer, Lin, & Flores, 2013), type 2 

diabetes (Ozfirat & Chowdhury, 2010; Palomer 

et al., 2008; Szymczak-Pajor & Sliwinska, 

2019), hypertension and CVD (Kota et al., 

2011; El MAATY & Gad, 2013), 

COPD (Gilbert, Arum, & Smith, 2009; Finklea, 

Grossmann, & Tangpricha, 2011), cancer (Ooi 

et al.,2010), and chronic kidney disease 

Vitamin D improves immune protection 

against COVID-19, implying aa 

relationship between vitamin D 

deficiency and COVID- 19, likely 

through the antioxidant pathway 

(McCartney & Byrne,2020). 
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(phosphorous (Levin et al., 2007). Most of the 

comorbidities    are    correlated    with 

shortened telomere length. 

Respiratory 

Infections 

Increased susceptibility to respiratory infections 

in shortened telomere length (Kiecolt-Glasser et 

al., 2013; Cohen et al., 2013) 

Besides COVID-19 being a respiratory 

disease, chronic respiratory diseases, 

including asthma and chronic 

obstructive pulmonary disease, are 

comorbidities for severe COVID-19 

disease (Richardson et al., 2020). 

 

Conclusion 

The reviewed literature shows that COVID-19 comorbidities may be 

triggered by predictable trajectories of metabolic disturbances that 

occur in patients with shortened telomere length. The findings show 

that various biomarkers, including vitamin D deficiency, Zinc 

deficiency, glutathione deficiency, oxidative stress, and chronic 

inflammation are directly or indirectly correlated with both shortened 

telomere length and severity of COVID-19. 
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