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Abstract
The novel coronavirus disease 2019 (COVID-19) has become a severe health issue, especially to the patients who develop 
silent hypoxia condition after SARS-CoV-2 infection. Due to the lack of dyspnoea and extremely low oxygen saturation 
level, these patients are at exceptionally higher risk. Although the prevalence of silent hypoxia in COVID-19 patients has 
been evident in several cases, the underlying pathomechanism behind this condition is still unclear. Silent hypoxia in SARS-
CoV-2 infected patients can be diagnosed with the help of a pulse oximeter, blood gas levels, and a 6-min walking test. While 
the clinicians and researchers figure out the exact reason for this phenomenon, the patients must be under strict day-to-day 
monitoring. In this article, we aim to provide comprehensive insights into the underlying symptoms, mechanism, and pos-
sible factors behind the occurrence of silent hypoxia among COVID-19 patients.
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Abbreviations
COVID-19	� Coronavirus disease 2019
SARS-CoV-2	� Severe acute respiratory syndrome 

coronavirus-2
6MWT	� 6-Minute walking test
HIF	� Hypoxia-inducible factor
pRBC	� Packed red blood cell transfusion
ICS	� Inhaled corticosteroids
LDH	� Lactate dehydrogenase
ACE2	� Angiotensin-converting enzyme 2

Introduction

The “Coronavirus Disease-2019” (COVID-19) outbreak has 
become an issue of global concern due to its easily transmis-
sible nature [1]. Emerging from Wuhan in December 2019, 
the disease has so far affected 215 countries around the 
globe; 133 million people have been infected and 2,892,333 
individuals have died [2]. This disease is caused by the 
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), which targets the human respiratory system and 
can induce multiple organ failure. Respiratory damage can 
give rise to a plethora of health issues in an infected patient, 
including silent hypoxia [3–7]. Silent hypoxia is defined as a 
condition where an individual has alarmingly lower oxygen 
saturation level than anticipated (~ 50–80% saturation, while 
the anticipated saturation level is 95% or higher), however, 
the individual does not experience any breathing difficulty 
[8]. Normally, an increased respiratory rate (tachypnoea) 
is seen in normal hypoxic patients, but it is not typically 
found in patients with silent hypoxia [9–15]. Several reports 
revealed that the prevalence of silent hypoxia in COVID-
19 patients ranges from 20 to 40% [10, 16–18]. In a sepa-
rate study, a 6-min walking test (6MWT) was applied in a 
cohort of discharge-ready COVID-19 patients where 50% 
of the patients developed exercise-induced hypoxia without 
dyspnoea [19]. Thus, it is evident that COVID-19 patients 
can suffer from silent hypoxia which will not induce any 
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shortness of breathing initially but might incur rapid damage 
within the patients, however, the underlying pathomecha-
nism of silent hypoxia occurrence in COVID-19 patients is 
still not properly understood (Fig. 1).

Underlying factors associated with silent 
hypoxia in COVID‑19 patients

Existing research findings revealed that the possible reasons 
for lack of dyspnoea in silent hypoxic COVID-19 patients 
are- (i) silent hypoxic COVID-19 patients having a slightly 
increased level of carbon dioxide (~ 34–41 mm Hg, while the 
normal blood carbon dioxide concentration is ~ 22–29 mm 
Hg). The alteration in carbon dioxide level triggers a hypoxia 
threshold resulting in precipitation of the lung damage indi-
cator of dyspnoea symptoms. Whereas in normal hypoxic 
conditions, even minute imbalance in the PaCO2 levels rap-
idly evokes large increases in minute ventilation and brief 
respiratory alkalosis, which provokes dyspnoea. However, 
normal hypoxia-induced dyspnoea does not evoke a stronger 
and excessive volume like hypercapnia does [17]. This might 

be the reason for COVID-19 patients not showing any sign 
of distress even during the low oxygen saturation level [10]; 
(ii) the virus having an impact on the brain and nervous 
system; altering the mechanisms in our brain responsible 
for regulating respiration[10]; (iii) the virus having an effect 
on blood vessels and causing “lack of hypoxic vasoconstric-
tion” [7]; (iv) undergoing hyper-fusion within a lung that 
has already gone through respiratory damage [11]; (v) fever 
caused by COVID-19 having a role in silent hypoxia [12], 
although there is not enough evidence to support this theory 
(Fig. 2).

Mechanism of silent hypoxia and COVID‑19

An optimum oxygen homeostasis is an essential event for 
the precise cell system regulation of invertebrates. Any 
alternation of this oxygen level might be stressful for our 
bodily functions and can lead to the activation or regression 
of several homeostasis regulatory genes. Hypoxia can drasti-
cally damage several organs and play a crucial role in severe 
pathological conditions.

Fig. 1   Hypoxia Inducing Factor 1α is the prime mediator of hypoxia 
in cells. The factor under normal hypoxic conditions is degraded by 
the proteasome, therefore, the cell does not experience hypoxic symp-
toms. However, the factor can have several impacts on the hypoxic 
condition. HIF-1α moves inside the nucleus and drives the tran-
scription of HRE genes, which results in several hypoxic symptoms. 

Besides, it may also drive the transcription of several inflammatory 
genes through NF-kB activation. NF-kB transcription factor activa-
tion has also been associated with increased serum ferritin accumu-
lation. Moreover, HIF-1α may increase the expression of the ACE-2 
receptor on cells, suggesting an enhanced risk of COVID-19 infesta-
tion
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Oxygen limitation impairs the mitochondrial oxidative 
phosphorylation pathway and inhibits the respiratory chain, 
which is the driving force of ATP generation within cells 
in the presence of oxygen. This impairment of the oxida-
tive phosphorylation pathway results in an energy-deprived 
condition, an increase of proton leaks, and inhibition of 
important enzymes [20]. Compromised oxygen supply can 
severely affect the carotid bodies, neuro-epithelial bodies, 
and vascular smooth muscles. Besides, the respiratory cent-
ers consist of several chemoreceptor cells that function by 
sensing the pH level of the environment by detecting the con-
centration of hydrogen ions. The chemoreceptors involved 
in respiratory feedback are mainly categorized into central 
chemoreceptors and peripheral chemoreceptors. The central 
chemoreceptors are located on the ventrolateral surface of 
the medulla oblongata and are desensitized over time from 
mechanisms such as chronic hypoxia and enhanced carbon 
dioxide levels. Whereas the peripheral chemoreceptors can 
be either located on the aortic bodies or the carotid bodies. 
If peripheral chemoreceptors are located in the aortic bod-
ies it does not detect pH changes rather detects imbalances 
in levels of blood oxygen and carbon dioxide. On the other 
hand, if the peripheral chemoreceptors are located on carotid 
bodies it detects imbalances in oxygen and carbon dioxide 

levels as well as pH. Although the central chemoreceptors 
are desensitized over time due to stressful conditions, the 
peripheral chemoreceptors are not affected by these stress 
conditions but they have a lesser impact on the respiratory 
rate compared to central chemoreceptors [21]. These chemo-
receptor cells lie in the synaptic contact with the branches of 
both afferent and efferent neurons and immediately transmit 
oxygen deprivation information to the respiratory centre of 
the brain by releasing neurotransmitters. Even after exert-
ing so many instabilities within the cell, our cells become 
adapted to hypoxia by increasing the efficiency of energy-
producing pathways and decreasing energy-consuming path-
ways [22].

Pneumonia is a major mediator of silent hypoxia in 
COVID-19 patients. Instead of filling air sacs with pus and 
fluid, the SARS-CoV-2 induced pneumonia causes air sacs 
to collapse (also referred to as “atelectasis”), which results 
in low oxygen supply in the body [23]. Studies aimed at 
unleashing the associated mechanism of air sac collapse 
in COVID-19 patients interpreted a sequence of events 
initiated by alveolar epithelial cell damage to surfactant 
dysfunction and alveolar instability, all of which leads to 
micro-atelectasis. These collapsed alveoli and air sacs are 
sealed by proliferating alveolar epithelial cells, which results 
in the formation of thickened septa and subsequent loss of 
alveolar function [24]. As the pulmonary system adapts for 
efficient oxygen transfer between pulmonary blood flow and 
alveolar ventilation even in differential oxygen pressure in 
different lung regions, COVID-19 associated silent hypoxia 
patients do not notice any vital signs of collapsed alveoli 
and air sacs. A combination of biological mechanisms takes 
place concurrently within the lung, which facilitates for this 
adjustment [25].

Nonetheless, this impact of HIF-1α is temporary, and the 
expression of ACE-2 receptors has been found to decrease 
during the later stages of hypoxia. Moreover, this factor has 
been found to increase the expression of cell adhesion mol-
ecules like selectin and mucin, which attracts immune cells 
and worsen the degree of cellular damage. HIF-1α is also 
associated with secondary organ damage, like the brain and 
kidney. Furthermore, this factor may trigger the differentia-
tion and proliferation of the immune cells, which can result 
in more localized inflammation and tissue damage.

Possible silent hypoxia associated factors 
involved in COVID‑19 infection

Influence of HIF‑1

Hypoxia-Inducible Factor or HIF-1 is a dimeric transcrip-
tion factor that acts as a master regulator of oxygen home-
ostasis in cells. This factor comprises of the HIF-1α and 

Fig. 2   Possible silent hypoxia associated factors involved in COVID-
19. Silent Hypoxia has been associated with several COVID-19 
related symptoms. The condition can result in overexpression of 
ACE-2 receptors thereby increasing the risk of damage through 
COVID-19 infection. Besides, the condition can further contribute to 
the mechanism of “cytokine storm” by recruiting different mediators 
of inflammation. Moreover, silent hypoxia can cause serious endothe-
lial damage through NF-kB transcription factor activation. Silent 
hypoxia can also signal a different immune-metabolism pathway and 
cause secondary organ damage. All these factors lead to the critical 
condition of patients along with an increased mortality rate among 
COVID-19 patients
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HIF-1β subunits and is activated when the cell faces oxy-
gen-depleted conditions [26]. Under normal cellular condi-
tions, the HIF-1 remains deactivated. However, during the 
hypoxic conditions, this factor can subsequently interact 
with its co-activators and increase transcription of several 
hypoxia response elements (HRE) containing genes involved 
in increased ventilation, transferring the aerobic mechanisms 
to anaerobic, and improved vascularization [21, 26].

The HIF-1α subunit has a potent effect on the expression 
of the ACE-2 gene [24]. ACE-2 is one of the major recep-
tors that are targeted by the coronavirus to enter the human 
cell. Hypoxia has been found to increase the expression of 
the ACE-2 receptor gene during the early stages, which can 
worsen COVID-19 infection and increase damages to the 
lung cells. However, ACE-2 receptor expression remark-
ably reduces near baseline levels during the later stages of 
the condition. This is because the HIF-1α upregulates the 
ACE promoter and causes an accumulation of angiotensin 
2 enzyme, which in turn downregulates the ACE-2 receptor 
expression [27]. Thus, this reduced expression of ACE-2 due 
to HIF-1 can be beneficial for reducing the risk of enhanced 
tissue and organ damage from COVID-19 infection.

Hypoxia‑Induced endothelial cell damage 
in COVID‑19

Hypoxia plays a central role in endothelial cell activation 
and adaptation by triggering different gene expression and 
cellular mechanisms. However, this influence of hypoxia in 
endothelium can be bidirectional. The HIF transcription fac-
tor can be either activated to support the integrity of the cell 
adhesion molecules or it can induce epithelial cell damage in 
an NF-kB mediated inflammation [28]. The destructive acti-
vation of endothelium cells correlates with pulmonary cell 
damage by recruiting different cytokines, chemokines, and 
pro-inflammatory mediators. Overexpression of HIF-1 has 
also been found to increase localized inflammation [26]. On 
the other hand, sometimes the cell expresses enhanced cell 
adhesion molecules like selectins or mucins and can recruit 
circulating endothelial cells to counter lung vascular injury, 
and, thereby exert a positive impact against lung damage 
[29]. The exact mechanism through which any one of these 
pathways can be induced by hypoxia is not well defined and 
needs further analysis.

Role of hypoxia on innate and adaptive immunity 
in COVID‑19 patients

Hypoxia has the potential to drive different immune cell 
response through signaling a variety of immunometabolism 
pathways. The immune cells can be recruited for either a 
physiologically hypoxic environment that administers innate 
and adaptive immune response, or to the pathologically 

hypoxic environment that triggers immune cell dysfunction 
and tissue damage [30]. In the cases of COVID-19, some 
of the innate immune cells such as eosinophils, basophils, 
mast cells are considered to be the major mediators of the 
cytokine storm. Hypoxia can play a central role in driving 
the immune reactions from these cells and contribute to air-
way remodeling and inflammation [31]. The HIF-1 signaling 
pathway also upregulates the differentiation, proliferation, 
as well as survival of the innate and adaptive immune cells, 
thereby, producing an overwhelmed response against host 
cells. The mechanism of cytokine storm in COVID-19 is 
already known to cause irreparable damage to the lung cells 
and can be worse in response to these additional immune 
reactions generated by hypoxia-induced factors.

Influence of viral infection in silent hypoxia

A variety of viral pathogens have been found to influence the 
HIF-1 pathways in different ways to generate specified host 
responses such as promoting inflammation, altering meta-
bolic pathways, down-regulating cellular defense mecha-
nism, and facilitating viral replication. A recent study shows 
that Influenza H1N1 virus can activate the HIF-1 pathway 
and induce a hypoxic response in cells [32]. Although the 
influence of SARS-CoV-2 on inducing hypoxia has not 
been well investigated yet, some reports suggest a decreased 
count of hemoglobin and increased count of serum ferritin 
in COVID-19 patients [33]. This increased level of ferri-
tin is a product of overexpression of HIF-1, which suggests 
SARS-CoV-2 can upregulate this transcription factor and 
induce hypoxia [34]. Besides, it has also been reported that 
the virus infection can induce lactic acid production and 
lactate dehydrogenase (LDH) enzyme production mediated 
by acute, uncompensated respiratory acidosis and sepsis. 
Respiratory acidosis is characterized by failure of metabolic 
compensation of acidosis and reduced plasma pH level with-
out accompanying elevation of plasma bicarbonate levels. 
This decreased blood pH further leads to severe lung dam-
age, hypercapnia and ultimately causes severe hypoxemia 
[35]. All this experimental evidence suggests a potential role 
of SARS-CoV-2 in triggering a hypoxic state of the lungs 
and greatly affecting lung physiology by triggering inflam-
mation in COVID-19 infection.

Other associated risk factors

Silent hypoxia can induce indirect damage to the body 
organs, especially to the brain, by oxygen starvation and 
inflammation. Deceased COVID-19 patients very often have 
shown severe brain damage including stroke, hemorrhages, 
as well as acute encephalitis [36]. Moreover, silent hypoxia 
does not allow the patients to recognize the underlying 
symptoms of pulmonary destruction which are one major 
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indicator of COVID-19 infection, making this condition 
even severe [36].

Diagnosis of silent hypoxia associated 
COVID‑19 patients

Early detection of silent hypoxia in COVID-19 patients is 
crucial to minimize the long-term effect as well as mortal-
ity rate. Besides, early detection may facilitate deciding on 
when to start the oxygen treatment or whether to involve 
an invasive or non-invasive method of oxygenation. There 
are multiple ways one can find out the presence of silent 
hypoxia. Some of those procedures are jotted down below:

Pulse oximeter

A pulse oximeter is a common and standard medical device 
used to noninvasively measure the arterial oxygen saturation 
level and respiratory function in patients [37]. Although it 
represents an accessible device, it is important to ensure that 
the used pulse oximeter has a high accuracy rate, especially 
in cases when patient SpO2 is lower than 90% [38]. Constant 
monitoring of arterial oxygenation by pulse oximeter is a 
very good option to detect silent hypoxia. This device might 
be helpful for confirmed COVID-19 patients who are cur-
rently not demonstrating any severe symptoms of reduced 
oxygen saturation in the blood. Through constant monitor-
ing, they might reduce the risk of complications that might 
appear suddenly due to silent hypoxia [39]. Moreover, along-
side the saturation level of pulse oximeter, respiratory rate, 
heart rate, and NEWS 2 (National Early Warning Score) 
needed to be considered to unleash the silent hypoxic condi-
tion of patients [40].

Blood gas analysis

Arterial blood gas analysis is a process where a sample of 
blood is taken from the artery to check the concentration of 
different gases in the blood [41]. Right evaluation of blood 
sample through this method can provide a wide range of 
standard parameters such as partial pressure of oxygen and 
carbon dioxide, which are useful to investigate acidosis, 
alkalosis, as well as silent hypoxia [42, 43]. Recent studies 
report that alongside blood gas levels, pH level, bicarbonate, 
and electrolyte levels may also be utilized as an essential 
diagnostic factor for silent hypoxia in COVID-19 patients 
[44]. The increased partial pressure of carbon dioxide levels 
of confirmed COVID-19 patients may precede the meas-
urement of pH levels and blood electrolyte levels to detect 
the presence of silent hypoxia. It has been reported that 
a comparatively lower level of pH, calcium, sodium, and 
potassium are associated with disease severity and lower 

survival rates of COVID-19 patients [45, 46]. Blood gas 
analysis together with a pulse oximeter could be a valuable 
medium for the early detection of silent hypoxia in COVID-
19 patients [44].

6‑min walking test (6MWT)

Silent hypoxia in COVID-19 patients can be detected by 
way of 6MWT, in which oxygen saturation level is meas-
ured after 6 min of taking walks. It has been reported that 
oxygen saturation level significantly reduced in COVID-19 
patients in comparison to the control group [47]. According 
to a newly proposed modification in the 6MWT procedure 
aiming at the prognosis of viral load in mild COVID-19 
patients compared to severe cases, the Single cutoff point for 
distance walked < 0.26 mile (< 1400 feet)in 6 min (in terms 
of metabolic equivalent, equal to 3 METS) or SpO2 falling 
below 90% should be the definition of abnormality [48]. 
Moreover, patients with saturation levels falling by more 
4% might also be considered severe cases. Those manifest-
ing dyspnoea and fatigue without abnormality should be 
assessed based on other clinical comorbid conditions [49].

Summary and recommendations

The novel coronavirus pandemic caused by the SARS-
CoV-2 has affected people with different health conditions 
around the globe, but patients that develop silent hypoxia 
due to viral pathomechanism are possibly the worst suffer-
ers. The underlying symptoms of a COVID-19 associated 
silent hypoxia slightly differ from that of normal hypoxia. 
Unlike normal hypoxic patients, patients with silent hypoxia 
do not experience any tachypnoea or dyspnoea. This does 
more damage to the patients by providing a short spanned 
feeling of comfort but long-lasting severe damage to the 
lungs. Several reports seem to suggest that silent hypoxia is 
well prevalent in COVID-19 patients but the reason behind 
this phenomenon is yet to be properly understood.

There are several factors associated with silent hypoxia 
and COVID-19 infection. The factor responsible for induc-
ing hypoxic response, the HIF transcription factor, can cause 
the overexpression of ACE-2 receptors, serving as a medium 
of the entrance to the virus. Besides, the hypoxic condition 
can cause severe endothelial damage and contribute to the 
“cytokine storm”, the characteristic feature of COVID-19 
infection, further increasing the damage to body cells. More-
over, the virus also has the potential to increase localized 
inflammation through combined innate and adaptive immu-
nity and cause the overexpression of HIF further inducing 
hypoxic condition in the lungs. All these responses can 
cause severe damage to several body tissues and ultimately 
lead to life-threatening situations in the COVID-19 patients.
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Since the patients with silent hypoxia do not feel any dis-
comfort even when their oxygen saturation level is low, they 
need to be taken under a strict management process. With-
out continuous monitoring, it could turn out to be detrimen-
tal for the patient and might end up damaging respiratory 
organs and several other tissues. When a patient is diagnosed 
with COVID-19, he or she must go through a diagnosis of 
silent hypoxia immediately with a pulse oximeter, blood 
gas analysis, or other procedures. For proper management, 
COVID-19 patients diagnosed with silent hypoxia should 
be under intensive care including monitoring vital signs of 
disease severity, oxygen saturation levels, visual signs of 
discomfort, and deterioration in health conditions.

Conclusion

Based on the current knowledge, it is still unclear why silent 
hypoxia occurs in a COVID-19 patient. The available shreds 
of evidence suggest that the virus may be affecting the brain 
and nervous system, or there might be a lack of hypoxic 
vasoconstriction in such patients. However, other sources 
seem to suggest that hyper-fusion and normal carbon diox-
ide level even at the time of low oxygen saturation could be 
potential reasons behind this phenomenon. The clinicians 
are working to draw a solid conclusion on this matter. With 
efficient initiatives and further in-depth analysis, the under-
lying mechanism of this condition can be understood and 
better plans can be executed in the management of COVID-
19 patients with silent hypoxia.
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