
 

Responsive Oxygen Therapy/ Intermittent Hypoxic-Hyperoxic Training 

What is commercially marketed as "Responsive Oxygen Therapy" (ROT) is 
known in the medical literature as Intermittent Hypoxic-Hyperoxic Training 
(IHHT) or Intermittent Hypoxic-Hyperoxic Exposure (IHHE).  

The strongest clinical evidence supports benefits in exercise 
capacity/functional recovery (particularly in Long COVID and coronary 
artery disease), cardiovascular autonomic regulation, cognitive and 
physical performance in geriatric patients, and anti-aging biomarkers. The 
therapy works by leveraging the oxygen gradient between alternating hypoxic 
and hyperoxic phases to produce a stronger HIF-1α activation than hypoxia 
alone. 

Core Mechanism — The Hyperoxic-Hypoxic Paradox 

The fundamental principle underlying ROT/IHHT is that fluctuations in oxygen 
concentration, rather than the absolute oxygen level, are interpreted at the 
cellular level as hypoxia. This triggers the "hyperoxic-hypoxic paradox" (HHP), 
whereby repeated cycling between low and high oxygen activates HIF-1α — a 
master transcription factor regulating over 100 genes involved in cellular 
adaptation. The oxygen gradient between alternating levels produces a stronger 
stimulating effect on HIF-1α than low oxygen alone, supporting the notion that 
hypoxia-hyperoxia intermittent stimulation yields greater effects than hypoxic 
episodes alone. Key downstream pathways include: 

●​ Mitochondrial biogenesis: improved efficiency of oxygen utilization for 
ATP production 

●​ Erythropoiesis: increased reticulocyte count and oxygen-carrying capacity 
●​ Angiogenesis: new blood vessel formation and capillary density 
●​ Stem cell activation: stimulation of proliferation, migration, and 

differentiation 
●​ Antioxidant defense: upregulation of endogenous antioxidant enzymes 
●​ Endothelial function: improved vascular tone regulation 
●​ Telomerase activation: TERT activity induction and telomere stabilization 
●​ Senescent cell clearance: reduction in senescence-associated markers 



Long COVID Rehabilitation — Strongest Clinical Evidence 

The largest controlled clinical trial of IHHT (n = 145 patients) demonstrated that 
adding IHHT to standard inpatient rehabilitation produced markedly superior 
outcomes compared to rehabilitation alone: 

●​ 6-minute walk distance: improved 2.8-fold more in the IHHT group (91.7 
m vs. 32.6 m, p < 0.001) 

●​ Stair climbing power: improved 3.7-fold more (−1.91 s vs. −0.51 s, p < 
0.001) 

●​ Handgrip strength: significantly improved 
●​ Respiratory function: significant improvements in FEV1, PEF, and vital 

capacity 
●​ Dyspnea, fatigue, and quality of life: all significantly improved (Borg 

scale, FAS, PGA, EQ-5D, MCRS) 
●​ Blood pressure and heart rate: significantly decreased in the IHHT group 
●​ Hemoglobin: significantly increased 
●​ No adverse events were observed 

Patients reported subjective feelings of being strengthened and energized after 
treatment sessions. 

Coronary Artery Disease — Benefits Without Exercise 

A controlled study of 15 daily IHHT sessions in CAD patients demonstrated 
significant improvements while patients remained seated — no physical 
exercise was required: 

●​ VO₂peak: significantly improved (approximately 0.5 METs) 
●​ Blood pressure: significant reduction in both systolic and diastolic BP 
●​ Left ventricular ejection fraction: significantly improved 
●​ Lipid profile: reduced total cholesterol, LDL, and atherogenic index 
●​ Reticulocyte count: increased (confirming erythropoietic stimulation) 
●​ Angina: significantly fewer patients reported angina as a reason to stop 

exercising 

This is particularly notable for patients with limited exercise capacity due to 
comorbidities, as IHHT provides a passive conditioning stimulus that improves 
cardiovascular fitness without the physical demands of exercise. 



Cardiovascular Autonomic Regulation 

A double-blind RCT in sedentary older adults (n = 16) found that even a single 
session of IHHE produced significant acute improvements: 

●​ Heart rate variability: SDNN and RMSSD significantly increased; LF/HF 
ratio significantly decreased (p < 0.01) — indicating a shift from 
sympathetic to parasympathetic dominance 

●​ Blood pressure: both systolic and diastolic BP significantly decreased (p 
< 0.01) 

●​ Heart rate: significantly decreased 
●​ Arterial oxygen saturation: small but significant increase 
●​ No adverse events or withdrawals 

Geriatric Physical and Cognitive Performance 

A randomized, single-blinded trial (n = 25, ages 77–94 years) found that 6 weeks 
of IHHE prior to aerobic cycling produced superior outcomes compared to 
exercise alone: 

●​ Functional mobility (Timed Up and Go): preserved in the IHHE group 
(large effect, η²p = 0.29) while it worsened in the exercise-only control 
group 

●​ Physical performance (SPPB): increased in the IHHE group (medium 
effect) with no change in controls 

●​ Clock Drawing Test: improved with medium effect size (η²p = 0.08), 
suggesting enhanced visuospatial and executive function 

A systematic review of intermittent hypoxia protocols in older adults confirmed 
that both IHT and IHHT improved cognitive functions and brain health, with 
improvements in cerebral tissue oxygen saturation, middle cerebral arterial flow 
velocity, and cerebral vascular conductance — particularly in cognitively impaired 
populations. 

However, one RCT (n = 34, ages 64–92) found that adding IHHT to a multimodal 
training intervention did not produce additional improvements in mobility (Tinetti, 
TUG) or perceived health (EQ-VAS) beyond training alone — suggesting the 
benefit may be context-dependent. 

Anti-Aging and Cellular Rejuvenation 



A systematic review of 38 studies found that IHHT/IHNT provides positive effects 
on multiple age-related parameters: 

●​ Telomerase reverse transcriptase (TERT) activity: induced by moderate 
intermittent hypoxia, leading to telomere stabilization 

●​ Senescence markers: delayed induction of senescence-associated 
β-galactosidase 

●​ Pluripotency markers: upregulation of Oct4 
●​ Metabolic shift: activation of more efficient energy substrate metabolism 
●​ Anti-apoptotic: raised resistance to pro-apoptotic stimuli 
●​ Quality of life, cognitive and physical functions, glucose, 

cholesterol/LDL, systolic BP, red blood cells, and inflammation: all 
improved 

Critically, the review noted that the direction of intermittent hypoxia's effects 
depends on intensity and duration — moderate, controlled protocols (as in 
IHHT) produce beneficial effects, while severe, uncontrolled intermittent hypoxia 
(as in obstructive sleep apnea) produces the opposite: hypertension, metabolic 
syndrome, cognitive decline, and telomere shortening. 

Related hyperbaric oxygen data showed that 60 sessions of intermittent 
hyperoxic exposure increased telomere length by over 20% in immune cells and 
decreased senescent T helper cells by 37% in healthy older adults — 
demonstrating the regenerative potential of oxygen fluctuation protocols. 

Neuroprotection and Alzheimer's Disease 

Preclinical evidence demonstrates that intermittent hypoxic training nearly 
prevented endothelial dysfunction of cerebral blood vessels, rarefaction of the 
brain vascular network, and loss of cortical neurons in experimental Alzheimer's 
disease models. Associated with these vasoprotective effects, IHT improved 
memory and lessened AD pathology through increased endothelial nitric oxide 
production and enhanced cerebral blood flow. However, clinical translation to 
human AD populations remains limited. 
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