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The neuroprotective effects of oxygen therapy in 
Alzheimer’s disease: a narrative review

Abstract  
Alzheimer’s disease (AD) is a degenerative neurological disease that primarily affects the elderly. Drug 
therapy is the main strategy for AD treatment, but current treatments suffer from poor efficacy and a 
number of side effects. Non-drug therapy is attracting more attention and may be a better strategy for 
treatment of AD. Hypoxia is one of the important factors that contribute to the pathogenesis of AD. 
Multiple cellular processes synergistically promote hypoxia, including aging, hypertension, diabetes, 
hypoxia/obstructive sleep apnea, obesity, and traumatic brain injury. Increasing evidence has shown 
that hypoxia may affect multiple pathological aspects of AD, such as amyloid-beta metabolism, tau 
phosphorylation, autophagy, neuroinflammation, oxidative stress, endoplasmic reticulum stress, 
and mitochondrial and synaptic dysfunction. Treatments targeting hypoxia may delay or mitigate 
the progression of AD. Numerous studies have shown that oxygen therapy could improve the risk 
factors and clinical symptoms of AD. Increasing evidence also suggests that oxygen therapy may 
improve many pathological aspects of AD including amyloid-beta metabolism, tau phosphorylation, 
neuroinflammation, neuronal apoptosis, oxidative stress, neurotrophic factors, mitochondrial 
function, cerebral blood volume, and protein synthesis. In this review, we summarized the effects of 
oxygen therapy on AD pathogenesis and the mechanisms underlying these alterations. We expect 
that this review can benefit future clinical applications and therapy strategies on oxygen therapy for 
AD.
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Introduction 
Alzheimer’s disease (AD) is the most common senile dementia, and causes 
severe disability in the elderly (McKhann et al., 2011). The pathological 
features include amyloid-beta (Aβ) deposition, abnormal tau phosphorylation, 
and neuronal loss in the brain (Ou et al., 2021; Roda et al., 2022). At present, 
the primary treatment for AD is cholinesterase inhibitors (Haake et al., 2020). 
However, due to limitations in efficacy and side effects, non-drug treatment of 
AD has recently received more attention.

Oxygen is necessary for life (Reinhard et al., 2016), and different organs 
consume different amounts of oxygen. Oxygen consumption in the brain 
accounts for more than 20% of total human oxygen consumption. Hypoxia 
immediately causes impairment of brain function and can lead to rapid cell 
death.

Hypoxia in the brain can be caused by environmental and pathological 
conditions. Pathological conditions include aging, cerebrovascular diseases, 
hypertension, type 2 diabetes, traumatic brain injury (TBI), and sleep-
disordered breathing, all of which are major risk factors for AD (Reitz and 
Mayeux, 2014). Studies have shown that hypoxia may affect many pathological 
aspects of AD including Aβ metabolism (Liu et al., 2016), tau phosphorylation 
(Zhang et al., 2018), autophagy (Karabiyik et al., 2021), neuroinflammation, 
oxidative stress, endoplasmic reticulum (ER) stress, and mitochondrial and 
synaptic dysfunction, which may collectively result in neurodegeneration in 
the brain (Zhang and Le, 2010; Zhang et al., 2019).

Therefore, treatments targeting hypoxia may delay or mitigate progression 
of AD. Oxygen inhalation (referred to as oxygen therapy) is a medical 
procedure to relieve hypoxia by increasing the partial pressure of oxygen in 
the inhaled gas, thus improving oxygen saturation in the blood (Horner and 
O’Driscoll, 2018). Two other types of oxygen therapy are normobaric oxygen 
therapy (NBOT) and hyperbaric oxygen therapy (HBOT) (Zhang and Barralet, 
2017). Normobaric oxygen therapy is characterized by administration of 

high concentrations of oxygen through a facemask or nasal cannula at 
normal atmospheric pressure. In contrast, HBOT is a treatment in which the 
patient breathes 100% oxygen while exposed to environmental pressure > 1 
atmosphere (Deng et al., 2018). 

Oxygen therapy has been used medically for more than 200 years (Kelly, 
2014). Oxygen therapy is widely used for treatment of central nervous system 
disease (Baratz-Goldstein et al., 2017; Biggs et al., 2021). Some clinical studies 
have indicated that HBOT may provide benefits in the ultra-acute stage of 
brain ischemia. Moreover, HBOT has been used to treat brain and spinal cord 
injuries (Shytle et al., 2019), carbon monoxide poisoning (Megas et al., 2021), 
and decompression illness involving the central nervous system (Kohshi et al., 
2021). 

Alzheimer’s disease is common, and the nervous system pathologies 
associated with AD are difficult to treat. However, some studies have 
suggested that oxygen therapy may significantly improve AD symptoms and 
pathologies (Zhang et al., 2019; Chen et al., 2020). Studies have shown that 
oxygen therapy may affect many pathological aspects of AD including Aβ 
metabolism (Gao et al., 2011; Shapira et al., 2018; Choi et al., 2019), tau 
phosphorylation (Shapira et al., 2018), neuroinflammation (Shapira et al., 
2018), neuronal apoptosis (Tian et al., 2012), oxidative stress (Tian et al., 
2012), neurotrophic factors (Choi et al., 2019), mitochondrial function (Wang 
et al., 2017a), cerebral blood volume (Shapira et al., 2021), and protein 
synthesis (Wang et al., 2016). Therefore, in this review, we summarized the 
effects of oxygen therapy on AD pathogenesis and discussed the underlying 
mechanisms. 

Retrieval Strategy
Literature cited in this narrative review was published from 1997 to 2021 
and was searched on PubMed and Google Scholar. We searched using the 
following search strategies: Alzheimer’s disease (MeSH Terms) AND (oxygen 
therapy (MeSH Terms) OR hyperbaric oxygen therapy (MeSH Terms) OR 
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normobaric oxygen therapy (MeSH Terms) OR normobaric oxygen (MeSH 
Terms)). The reviewer (CY) selected these articles by reviewing their titles 
and abstracts. Eligible studies included those that evaluated oxygen therapy, 
hyperbaric oxygen therapy, or normobaric oxygen therapy conducted on any 
species. Review articles were excluded.

Hypoxia Is a Risk Factor for Alzheimer’s Disease
The pathogenesis of AD is related to genetic and nongenetic factors. Genetic 
factors include dominant inherited mutations in amyloid precursor protein 
(APP), presenilin 1, and presenilin 2 (PSEN2), and risk genes including 
apolipoprotein E and others (Chouraki and Seshadri, 2014; Karch et al., 2014). 
There are several major nongenetic factors such as aging, cerebrovascular 
diseases, hypertension, type 2 diabetes, TBI, and sleep-disordered breathing 
(Reitz and Mayeux, 2014). Aging is the key risk factor and a fundamental 
driver for development of AD (Riedel et al., 2016). The age-specific prevalence 
of AD nearly doubles every 5 years after age 65, resulting in a prevalence 
greater than 25% in individuals over age 90 (Jonsson et al., 2012). The ability 
to delay the age at onset (AAO) of AD through preventive or therapeutic 
approaches would have significant benefits, but no therapies have achieved 
this important goal (Guerreiro and Bras, 2015).

Obstructive sleep apnea syndrome and chronic obstructive pulmonary 
disease 
Obstructive sleep apnea syndrome (OSAS) (Liguori et al., 2017) and chronic 
obstructive pulmonary disease (COPD) have been reported to be closely 
associated with AD (Daulatzai, 2013; Zhang et al., 2019). Obstructive sleep 
apnea syndrome is a chronic condition characterized by repetitive repression 
of breathing in the upper airway during sleep, leading to intermittent hypoxia 
and recurrent awakening. Some epidemiological studies have suggested a 
pathophysiological link between OSAS and AD. Treatment of OSAS has been 
shown to delay mild cognitive impairment (MCI) and improve cognition in 
patients with AD. In addition, OSAS may accelerate amyloid deposition and 
increase CSF T-tau and P-tau levels over time in individuals with normal 
cognition and those with MCI (Bubu et al., 2019). Moreover, CSF Aβ40 and 
Aβ42 levels were lower in patients with OSAs than those in controls, but higher 
in OSAS patients compared to those in patients with AD. However, patients 
with AD had lower CSF Aβ42 levels, but similar CSF Aβ40 levels, than those in 
controls (Liguori et al., 2019). 

The brain may also be particularly susceptible to the systemic effects of COPD. 
Significantly increased levels of serum Aβ40, Aβ42, and total Aβ were found in 
patients with COPD compared with those in healthy controls. Serum Aβ levels 
were significantly higher in COPD patients with worse pulmonary function (Bu 
et al., 2015b). Moreover, pulmonary dysfunction or behavioral comorbidities 
can lead to hypoxia, oxidative stress, and neurological damage. Damaged 
brain cells eventually trigger cognitive deficits in patients with COPD (Karamanli 
et al., 2015).

Traumatic brain injury  
Traumatic brain injury is one of the strongest risk factors for development 
of AD (Alali et al., 2019). Studies have shown that TBI might facilitate 
development of AD by delaying glial activation, intercorrelating synaptic 
dysfunction, and inducing endoplasmic reticulum stress, oxidative stress, and 
neuroinflammation, resulting in APP and tau cleavage (Mei et al., 2017; Lou 
et al., 2018; Ramos-Cejudo et al., 2018; Zyśk et al., 2019; Wu et al., 2020; Li 
et al., 2021). Prevention and treatment of secondary brain injury is the major 
clinical concern in management of TBI. Cerebral ischemia and hypoxia are the 
main causes of secondary brain injury.

Vascular risk factors
Vascular risk factors of AD include hypertension, type 2 diabetes, and 
cardiovascular and cerebrovascular diseases. All vascular risk factors 
synergistically promote diverse pathological mechanisms including cerebral 
hypoperfusion and glucose hypometabolism (Daulatzai, 2017). Animal models 
of induced and spontaneous hypertension found that pathological changes in 
AD (beta-amyloid plaques and neurofibrillary tangles) occurred within weeks 
of hypertensive injury. Human imaging and autopsy studies have shown that 
hypertension is associated with increased pathological changes in AD (Lennon 
et al., 2021). In addition, a number of hypotheses have been presented 
to explain the relationship between AD and type 2 diabetes. For example, 
hyperglycemia leads to glutamate-induced excitatory toxicity of nerve cells. 
This may contribute to Aβ accumulation, tau phosphorylation, and oxidative 
stress in addition to insulin resistance in the brain (Diniz Pereira et al., 2021). 
Cardiovascular diseases are also closely related to AD. The Framingham study 
showed that lower heart rate index was associated with a nearly three-fold 
increased risk of AD (Jefferson et al., 2015). The risk of AD was 1.8 times 
higher in patients with heart failure than in those without heart failure (Qiu et 
al., 2006). Moreover, cerebrovascular diseases are associated with increased 
Aβ production through modulation of β and γ-secretase, and with impaired 
Aβ clearance, which is mainly driven by vascular-mediated systems (Saito and 
Ihara, 2016). 

Hypoxia can be caused by respiratory dysfunction, cardiovascular dysfunction, 
or environmental conditions (Peers et al., 2007; Snyder et al., 2021; Figure 
1). Hypoxia may affect the functions of organs, especially the central nervous 
system (Burtscher et al., 2021; Dunn and Isaacs, 2021; Xu et al., 2021). Stroke 
or TBI can result in acute hypoxia, whereas OSAS and COPD can cause chronic 
hypoxia. Hypoxia has been shown to be associated with familial and sporadic 
AD. Increasing evidence has shown that hypoxia may affect many pathological 

aspects of AD including Aβ metabolism (Liu et al., 2016), tau phosphorylation 
(Zhang et al., 2018), autophagy, neuroinflammation, oxidative stress, ER 
stress, and mitochondrial and synaptic dysfunction, which may collectively 
result in neurodegeneration in the brain (Zhang and Le, 2010; Zhang et al., 
2019).

Oxygen Therapy for Alzheimer’s Disease
As hypoxia is involved in AD pathogenesis, preventive measures and 
treatments targeting hypoxia may delay or mitigate the progression of 
neurodegenerative diseases. Oxygen therapy can significantly improve the 
oxygen content in the body to reverse acute or chronic hypoxia (Hamilton 
et al., 2003; Cheng et al., 2021; Guan et al., 2021). Numerous studies have 
shown that oxygen therapy can improve the risk factors of AD (Hachmo et al., 
2020; Deng et al., 2018) and the clinical symptoms of AD (Chen et al., 2020). 

Effects of oxygen therapy on major risk factors for AD
Anti-aging effect of oxygen therapy   
Oxygen is a modulator of aging. Hyperbaric oxygen therapy may exert 
significant anti-aging effects (Hachmo et al., 2020). Two key hallmarks of the 
aging process include telomere length shortening and cellular senescence. A 
study showed that HBOT (2 ATA, 100% O2, 90 min/d, 60 days) increased the 
telomere lengths in helper T cells NK cells, cytotoxic T cells, and B cells, and 
significantly reduced the number of senescent helper T cells and cytotoxic 
T cells in a healthy aging adult population (Hachmo et al., 2020). Another 
study also showed that 14 days of HBOT (2ATA, 100% O2, 80 min/d) notably 
restored insulin sensitivity, hippocampal function, and cognition in aging and 
obese aging rats (Shwe et al., 2021). Given the results of these two studies, 
oxygen therapy may improve symptoms of aging and may delay the onset and 
development of AD.

Oxygen therapy for respiratory diseases    
Constant positive airway pressure (CPAP) is the most effective therapy for 
moderate to severe OSA (Marin et al., 2005; Siachpazidou et al., 2020). 
A study showed that CPAP therapy (after one night, 3 and 6 weeks, 13.3 
months, and 1 year of treatment) significantly improved cognitive function 
in individuals with OSAS (Siachpazidou et al., 2020). Oxygen therapy is also 
critical for treatment of COPD. Patients with COPD who received continuous 
oxygen therapy (24 h/d) at home via nasal prongs adequate to maintain 
oxygen saturation between 88% and 95% experienced improved severe 
resting hypoxemia and cognitive function (Karamanli et al., 2015). Therefore, 
we propose that oxygen therapy may delay or prevent the onset and 
development of AD by improving oxygenation in lung disease.

Oxygen therapy for TBI   
Oxygen therapy has been reported to exert therapeutic effects on brain 
injuries. A study showed that 1 day or 3 days of HBOT (2.2 ATA, 100% O2, 
60 min/d, twice a day) or NBOT (80% FIO2, 4 h/d, twice a day) improved 
neurological function and reduced levels of neuron specific enolase (NSE), tau 
protein, and interleukin-6 (IL-6). Neuron specific enolase is localized in the 
cytoplasm of neurons and acts as a specific index to determine the severity 
of neuronal damage. Tau protein is an indicator of neuronal axonal injury. 
Interleukin-6 is an inflammatory cytokine that plays an important role in the 
acute inflammatory response (Li et al., 2020). Early intervention with NBOT 
and HBOT reduced brain edema and the number of apoptotic cells in the 
hippocampus in a rat model of TB (Li et al., 2020). In clinical studies, HBOT 
also reduced clinical symptoms and improved cognitive function in patients 
with TBI (Baratz-Goldstein et al., 2017; Biggs et al., 2021), and NBO was 
shown to promote improved brain metabolism (Deng et al., 2018) in patients 
who had suffered strokes. 

Oxygen therapy also has been shown to mitigate vascular risk factors. Studies 
have shown that HBOT significantly improved peripheral insulin resistance, 
and reduced blood glucose and hemoglobin (Xu et al., 2017; Irawan et al., 
2018; Baitule et al., 2021). In addition, HBOT also improved left ventricular 
function, especially in the apical segments, and was associated with better 
cardiac performance (Leitman et al., 2020). Oxygen therapy has also shown 
positive therapeutic effects in cerebrovascular diseases. Studies have shown 
that oxygen therapy can reduce hyperglycolysis through modulation of the 
adenosine monophosphate-activated protein kinase signaling pathway and 
alleviate oxidative injury in ischemic stroke (Cheng et al., 2021). Of note, 
HBOT treatment does not significantly increase blood pressure (Heyboer Rd 
et al., 2017).

Alzheimer’s disease

High-altitude hypoxia Cerebrovascular disease

Cardiovascular disease

Type 2 diabetes

HypertensionTraumatic brain injury

Respiratory disease

Aging

Hopxia

Figure 1 ｜ Hypoxia is an important risk factor for Alzheimer’s disease. 
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Oxygen therapy improves clinical symptoms of AD
It is reasonable to speculate that oxygen therapy may improve the symptoms 
of AD. In our previous clinical study, we recruited 42 patients with AD, 11 
patients with amnestic MCI, and 30 control patients. The patients with AD 
or MCI were treated with HBOT (99.9% O2, 0.4 to 0.7 MPa) for 40 minutes, 
once per day, for 20 days. Cognitive function and daily living activities were 
evaluated before HBOT and at 1-, 3-, and 6-month follow-ups. We found 
that HBOT ameliorated cognitive impairment in patients with AD patients 
or amnestic MCI (Chen et al., 2020). Another study also showed that HBOT 
(60 daily HBOT sessions within 3 months) increased cerebral blood flow 
and improved cognitive performance in older adult patients with significant 
memory loss at baseline (Shapira et al., 2021). Furthermore, HBOT also 
promoted good cognitive function healthy individuals (Yu et al., 2015). 
18Fluorodeoxyglucose brain positron emission tomography imaging 
showed that the metabolic rate of focal or diffuse FDG decreased with the 
development of AD in the medial parietal lobe, posterior temporal lobe, 
and posterior cingulate cortex (Jansen et al., 2015). Hyperbaric oxygen 
therapy ameliorated AD-related reductions in brain glucose metabolism in 
some patients with AD or MCI (Harch and Fogarty, 2018; Chen et al., 2020). 
Resting-state functional magnetic resonance imaging has been widely used to 
study AD. Regional homogeneity (ReHo) reflects the synchronization of local 
neuronal activity in a brain region (Zang et al., 2004). Previous studies have 
shown that ReHo is a valuable index to reflect the neuronal abnormalities 
involved in diseases characterized by cognitive impairments, such as AD (He 
et al., 2007). Reduced memory and cognitive abilities are indicated by lower 
ReHo in patients with MCI and AD (Zhang et al., 2012). After 5 consecutive 
days of HBOT (100% O2, 2ATA, 80 min/d), the ReHo value was significantly 
increased in healthy young adults (Yu et al., 2015). 

Underlying Mechanisms of Oxygen Therapy on 
Alzheimer’s Disease
Clinical studies have shown that oxygen therapy significantly improved 
cognitive function and brain metabolism, and positively regulated the activity 
of local neurons in brain regions. Furthermore, laboratory experiments 
have shown that oxygen therapy improved cognitive function in a mouse 
model of AD through modulation of Aβ metabolism, tau phosphorylation, 
neuroinflammation, neuronal apoptosis, oxidative stress, neurotrophic 
factors, mitochondrial function, cerebral blood volume, and protein 
synthesis. A better understanding of the mechanisms of oxygen therapy in AD 
pathogenesis will provide valuable information for prevention and treatment 
of AD.

Oxygen therapy affects Aβ metabolism   
Aβ plays an important role in the pathology of AD and is considered to be an 
early trigger for onset of AD (Kukar et al., 2005). Aβ is produced by sequential 
cleavages of APP protein by β- and γ-secretase, and is mainly present as Aβ40 
and Aβ42 (Chow et al., 2010; Murphy and LeVine, 2010). Studies have shown 
that hypoxia may play a role in Aβ metabolism (Li et al., 2009; Liu et al., 
2016). Hypoxia can cause increased β- and γ-cleavage of APP (Li et al., 2009). 
Hypoxia can also increase mitochondria-derived reactive oxygen species 
(ROS) production and enhance amyloidogenic APP processing (Leuner et al., 
2012). Furthermore, hypoxia-induced activation of autophagy may lead to the 
aggregation of C99, which can be further cleaved by γ -secretase to form Aβ (Li 
et al., 2009). In addition, hypoxia has been shown to mediate upregulation of 
β-site APP cleaving enzyme 1 (BACE1) expression (Guglielmotto et al., 2009). 
Neprilysin (NEP) (Zhang et al., 2019) and insulin-degrading enzymes (IDE) 
(Kurochkin et al., 2018) are the major enzymes responsible for Aβ degradation. 
The receptor responsible for the clearance of Aβ across the blood-brain barrier 
(BBB) is low-density lipoprotein receptor related protein-1 (LRP-1) (Cai et al., 
2018). The main receptor for Aβ influx from the blood to the brain is a receptor 
for advanced glycation end products. Hypoxia results in decreased expression 
of NEP, IDE, and LRP-1, and increased expression of receptors for advanced 
glycation end products (Zhang et al., 2019).

Studies have shown that oxygen therapy may modulate Aβ metabolism (Gao 
et al., 2011; Shapira et al., 2018; Choi et al., 2019). A study found that 4 weeks 
or 8 weeks of NBOT (O2 40%, 8 h/d) improved spatial learning and memory 
deficits, and decreased Aβ deposition and neuritic plaque formation in the 
cortices and hippocampi of mice. Furthermore, increased APP C-terminal 
fragments, β-secretase generated C99, and α-secretase generated C83 
fragments levels, and decreased Aβ production in the brains of NBOT treated 
transgenic mice indicated that NBOT inhibited γ-secretase cleavage of APP 
proteins (Gao et al., 2011). Beta-site APP cleaving enzyme 1 (BACE1) is a rate-
limiting enzyme for hydrolysis of APP to Aβ, and plays a pivotal role in the 
process of conversion of APP to Aβ (Hampel et al., 2021). Inhibition of BACE1 
to reduce production of Aβ can prevent onset of AD. Another study showed 
that HBOT (O2 100%, 2 ATA, 14 days) downregulated BACE1, Presenilin 1, a 
component of the γ-secretase complex and a disintegrin, and downregulated 
metalloproteinase 10 (ADAM10), an α-secretase enzyme, which resulted 
in reduced Aβ deposition, and relieved memory deficits in triple-transgenic 
(3×Tg) mice (Shapira et al., 2018). Furthermore, 28 days of HBOT (O2 100%, 2 
ATA) suppressed Aβ accumulation in the brains of APP/PS1 mice (Choi et al., 
2019).

HBOT has been reported to promote degradation and clearance of Aβ. 
Insulin-degrading enzymes are responsible for proteolytic degradation of 

intracellular and extracellular Aβ (Kurochkin et al., 2018). The main receptor 
for the clearance of Aβ across the blood-brain barrier (BBB) is LRP-1 (Cai et al., 
2018). A study showed that HBOT (O2 100%, 2 ATA, 60 minutes per day, 5 days 
a week for 4 weeks) significantly increased IDE and LRP1 levels in 5XFAD mice 
(Shapira et al., 2021; Table 1).

Table 1 ｜ Hypoxia, oxygen therapy and Aβ metabolism

Aβ metabolism hypoxia Oxygen therapy

Production of Aβ APH-1α ↑ –
BACE1 ↑ ↓
PEN2 ↑ –
NCSTN ↑ –

Degradation and 
clearance of Aβ

IDE ↓ ↑
NEP ↓ –
RAGE ↑                   –
LRP-1 ↓ ↑

APH-1α: Anterior pharynx-defective 1α; Aβ: amyloid-β; BACE1: β-site APP cleaving 
enzyme 1; IDE: insulin-degrading enzyme; LRp-1: low-density lipoprotein receptor 
related protein-1; NCSTN: nicastrin; NEP: Neprilysin; PEN2: presenilin enhancer 2; RAGE: 
receptor for advanced glycation end products.

Oxygen therapy influences tau hyperphosphorylation   
Abnormal tau phosphorylation is a typical pathological feature of AD 
(Cárdenas-Aguayo Mdel et al., 2014) and results from an imbalance of 
regulation between protein kinase and protein phosphorylase activities (Iqbal 
et al., 2016). Basic and clinical studies have reported that hypoxia could 
enhance tau phosphorylation (Gao et al., 2013; Zhang et al., 2014; Bu et al., 
2015a). Furthermore, a study that used 3×Tg mice showed that HBOT (O2 
100%, 2 ATA, 14 days) reduced tau phosphorylation at Ser202/Thr205 in the 
hippocampus and subiculum, but did not affect total tau levels. Glycogen 
synthase kinase 3b (GSK3b) is a kinase associated with tau phosphorylation 
in AD. Hyperbaric oxygen therapy downregulated total GSK3b (tGSK3b) and 
upregulated the ratio between pGSK3b and tGSK3b (pGSK3b/tGSK3b), which 
was associated with reduced tau phosphorylation (Shapira et al., 2018). 

Anti-neuroinflammatory effect of oxygen therapy   
Neuroinflammation is defined as brain activation of the innate immune 
system, and plays a significant role in the pathophysiology of AD (Leng 
and Edison, 2021). Previous studies have shown that hypoxia can increase 
neuroinflammation, which can worsen nerve damage (Smith et al., 2013; 
Wang et al., 2014). A study indicated that 14 days of HBOT (O2 100%, 2 
ATA) reduced astrogliosis and the number of microglia near plaques, and 
induced microglia sprouting in 3×Tg mice (Shapira et al., 2018). Furthermore, 
HBOT also increased microglial expression of scavenger receptor class A, 
which has been shown to mediate Aβ clearance (Yuan et al., 2020), and 
arginase 1, which contributes to Aβ plaque reduction during sustained 
neuroinflammation. Activated microglia can be divided into M1-like and 
M2-like phenotypes (Jin et al., 2020). M1-like phenotype microglia are pro-
inflammatory, play a dominant role at the site of neuroinflammation, and are 
related to acute inflammation and release of pro-inflammatory cytokines. 
M2-like phenotype microglia appear later in the inflammatory response and 
are associated with tissue repair and resolution of inflammation (DeRidder 
et al., 2021). Hyperbaric oxygen therapy was shown to reduce production 
of M1-like phenotype microglia-associated proinflammatory cytokines, such 
as IL-1β and tumor necrosis factor-α, and increase production of M2-like 
phenotype microglia-associated anti-inflammatory cytokines, such as IL-4 and 
IL-10 (Shapira et al., 2018). These findings suggest that HBOT may shift the 
microglial population from the M1-like to the M2-like phenotype, resulting in 
neuroprotection function and increased Aβ clearance. Other studies showed 
that HBOT (O2 100%, 2 ATA, 5 days) reduced astrocyte activation and tumor 
necrosis factor-α expression in a rat model of AD (were induced by injecting 
Aβ1–40 into the hippocampus) (Zhao et al., 2017). 

Oxygen therapy and neuronal apoptosis   
Neuronal damage and apoptosis are hallmarks of AD. Hypoxia can aggravate 
neuronal damage and apoptosis (Choudhary et al., 2022). In a rat model 
of AD (induced by injection of Aβ1–40 into the hippocampus), the neurons 
were loosely distributed and exhibited swelling and vacuolation (Zhao et al., 
2017). Treatment with HBOT (O2 100%, 2ATA) for 5 days prevented neuronal 
damage and loss of dendritic spines in a rat model of AD (Zhao et al., 2017). 
Furthermore, apoptosis and expression of cleaved caspase 3 were significantly 
increased remarkably in the AD model group, and this increase was reversed 
by HBOT, potentially through modulation of p38 mitogen-activated protein 
kinase (Zhao et al., 2017). Studies have also shown that 20 days of HBOT (O2 
100%, 2 ATA) reduced neuronal damage and apoptosis in a rat model of AD 
(induced by injecting Aβ25–35 into the hippocampus) via modulation of the 
nuclear factor-κB (NF-κB) pathway or inhibition of mitochondria-mediated 
apoptosis signaling (Tian et al., 2013; Zhang et al., 2015). 

Effect of oxygen therapy on oxidative stress   
Oxidative stress plays a significant role in the pathogenesis of AD and 
progression of AD (Butterfield and Mattson, 2020; Plascencia-Villa and 
Perry, 2021). Oxidative stress is a disturbance in the balance between the 
production of ROS and antioxidant defenses. Hypoxia can aggravate oxidative 
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stress (Snyder et al., 2017). Studies showed that HBOT (O2 100%, 2 ATA) 
reduced oxidative stress in models of AD (Tian et al., 2012, 2013; Choi et al., 
2019). Reactive oxygen species levels were increased in the hippocampi of 
APP/PS1 mice, and HBOT reversed this increase (Choi et al., 2019). In addition, 
the expression of peroxiredoxin 3 (an antioxidant enzyme) increased after 
HBOT in APP/PS1 mice (Choi et al., 2019). In addition, previous studies have 
shown that superoxide dismutase (SOD) and glutathione (GSH) are important 
endogenous antioxidant enzymes that mitigate the effects of free radicals, and 
prevent subsequent lipid peroxidation (Braidy et al., 2019). Malondialdehyde 
(MDA) is a terminal product of lipid peroxidation of biomembranes, and MDA 
content typically reflects the level of lipid peroxidation and indirectly reflects 
the extent of oxidative injury (Tsikas, 2017). In the AD group, SOD and GSH 
activities were significantly decreased, and MDA levels were significantly 
increased. However, HBOT significantly enhanced the activities of SOD and 
GSH, as evidenced by decreased MDA levels (Tian et al., 2012, 2013). In 
addition, nitric oxide (NO) production was significantly increased in the AD 
group, and was significantly decreased following HBOT (Tian et al., 2012).

Oxygen therapy and neurotrophic factors   
Neurotrophic factors, such as brain-derived neurotrophic factor (BDNF), 
neurotrophin 3 (NT3), and neurotrophin 4/5 (NT4/5), play a vital role 
in changes in neuritic morphology and synapse formation (Dechant 
and Neumann, 2002). The levels of BDNF and NT3 were reduced in the 
hippocampi of patients with AD (Kobayashi et al., 2012; Siuda et al., 2017). 
Decreased expression of BDNF in the forebrain or hippocampus impairs 
cognitive function, and administration of BDNF has been shown to attenuate 
memory deficits (de Pins et al., 2019). Therefore, neurotrophic factors are 
critical modulators of AD pathology. Hypoxia has been shown to decrease 
BDNF, and induce cognitive dysfunction (Li et al., 2012).

A study showed that HBOT reversed AD pathology through upregulation of 
neurotrophic factors in vitro and in vivo. HT22 cells treated with Aβ42 showed 
reduced expression of BDNF, NT3, NT4/5, and Trkb, and oxygen therapy 
reversed these decreases in expression. The expression of BDNF, NT3, and 
NT4/5 was also increased in the hippocampus of wild-type mice treated with 
HBOT (100% O2, 2 ATA, 60 min/d) for more than 7 days. In APP/PS1 mice, the 
levels of BDNF, NT3, and NT4/5 were reduced in the hippocampus, and HBOT 
reversed these decreases in expression (Choi et al., 2019). Furthermore, 
the levels of TrkB (a common receptor for BDNF, NT3, andNT4/5) and its 
key signaling mediators, p-Akt, p-ERK1/2, and p-CaMKII, were decreased 
in the hippocampi of APP/PS1 mice, and HBOT reversed these decreases. 
Furthermore, HBOT was shown to upregulate neurotrophic factors via methyl-
CpG binding protein 2 (MeCP2) and cAMP response element binding protein 
(CREB), which regulate the expression of BDNF (Choi et al., 2019).

Oxygen therapy improves mitochondrial functions  
Mitochondrial dysfunction plays a pivotal role in AD (Yoo et al., 2020). 
Impaired brain mitochondrial function in AD, characterized by reduced 
membrane potential, increased permeability, and excessive ROS production, 
is believed to be an underlying cause of neurodegeneration (Onyango et al., 
2016). The expression of enzyme complexes in the tricarboxylic acid cycle 
and respiratory chain complexes is reduced in the brain in AD (Carvalho et 
al., 2009). Furthermore, hypoxia can aggravate mitochondrial dysfunction 
(Jain et al., 2015). A supplemental oxygen study demonstrated that 2 
months of oxygen treatments (O2 40% for 20 min/d), resulted in significant 
upregulation of hippocampal mitochondrial proteins that participate in 
oxidative phosphorylation and energy production. Oxidative phosphorylation-
associated proteins are likely to have direct effects on redox homeostasis. 
Moreover, energy production pathways are critical to neuronal energy 
homeostasis. Therefore, upregulation of components of energy production 
pathways would be expected to promote repair of dysfunctional mitochondria 
(Wang et al., 2017a). 

Oxygen therapy enhances cerebral blood flow and protein synthesis   
Regulation of cerebral blood flow (CBF) is a critical factor in normal brain 
function. The mammalian brain has evolved a unique mechanism for CBF 
control known as neurovascular coupling. This mechanism ensures a rapid 
increase in CBF and oxygen delivery to activated brain structures (Kisler et al., 
2017). Early impairments to neurovascular coupling have been proposed to be 
key pathogenic factors in the onset and progression of AD (Solis et al., 2020). 
A study indicated that HBOT (O2 100%, 2 ATA, 60 min/d, 5 days per week for 4 
weeks) alleviated the reduction in vessel diameter, and increased blood flow 
and arteriolar lumen size in 5XFAD mice (Shapira et al., 2021). Another study 
showed that 2 seconds and 16 seconds of hyperoxia stimulation (O2 100%) 
substantially enhanced baseline blood volume and saturation of all vascular 
compartments in the brains of J20-hAPP mice, a model of AD, using 2D-optical 
imaging spectroscopy. Therefore, enhanced blood volume in oxygen therapy 
may provide a therapeutic strategy for AD (Shabir et al., 2020).

Disordered protein synthesis may be an early pathological effector of AD 
(Ding et al., 2006). Our previous study showed that hypoxia altered histone 
modification of the DNMT3b promoter and downregulated its expression 
(Liu et al., 2016). A supplemental oxygen study demonstrated that 2 months 
of oxygen treatments (O2 40% for 20 min/d) significantly upregulated the 
synthesis of numerous proteins involved in mRNA splicing, transcription 
regulation, and translation, and upregulated several proteins associated with 
antioxidant defense. Supplemental oxygen therapy also reversed protein 
synthesis impairment in AD model mice. Importantly, oxygen therapy may 

support activation of antioxidant defenses and promote cellular redox 
homeostasis (Wang et al., 2017b). Proteomic analysis of the lenses of AD 
mice after oxygen supplement therapy showed 205 differentially expressed 
proteins relative to lenses from the control group, including proteins that 
involved in the clearance of Aβ (Wang et al., 2016). Therefore, oxygen therapy 
may improve cognitive function in AD by regulating protein synthesis.

Finally, although oxygen therapy appears to be beneficial for AD, it has 
been reported that oxygen therapy may aggravate the pathology of 
neurodegenerative diseases. Improper oxygen therapy can seriously damage 
the structure and function of tissues and organs (Sen and Sen, 2021). A study 
showed that NBOT (exposure of cells to 40% oxygen for 5 days) induced 
macroautophagy and accumulation of Aβ within lysosomes, which resulted 
in apoptosis of differentiated SH-SY5Y neuroblastoma cells (Zheng et al., 
2011). Therefore, more studies are needed to understand the efficacy and 
mechanisms of oxygen therapy in AD.

Limitations
The limitations of this review include potential reporting bias, incomplete 
retrieval of completed research studies, and data extraction errors.

Conclusions and Future Perspectives
With the increasing older adult population, AD has become a serious 
health problem. Unfortunately, existing treatments only minimally slow the 
progression of the disease. Therefore, researchers have begun to evaluate 
non-drug treatments. Oxygen therapy could improve the symptoms of AD 
through modulation of multiple pathological aspects of AD including Aβ 
metabolism, tau phosphorylation, neuroinflammation, neuronal apoptosis, 
oxidative stress, neurotrophic factors, mitochondrial function, cerebral blood 
volume, mitochondrial function, and protein synthesis. Therefore, oxygen 
therapy may emerge as an effective therapeutic strategy for AD (Figure 
2 and Table 2). However, previous studies mainly focused on the short-
term therapeutic effects of oxygen treatment, and the related mechanisms. 
Therefore, the long-term effects and associated mechanisms, and the safety 
of oxygen therapy for treatment of AD as a long-term strategy should be 
further clarified.

Alzheimer’s disease

Hypoxia Oxygen therapy

Figure 2 ｜ The mechanism underlying hypoxia and oxygen therapy in Alzheimer’s 
disease.
Aβ: Amyloid-beta; Cyt C: cytochrome C; ER: endoplasmic reticulum; ROS: reactive oxygen 
species.
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