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NASAL CONGESTION AND ITS RELATIONSHIP WITH HYPOXIA: 
PATHOPHYSIOLOGICAL MECHANISMS, CLINICAL CORRELATES, 
AND THERAPEUTIC PERSPECTIVES

Sodnomov D.B., Timryazansky A.S., Omarova G.D., Dzhabrailova U.A., Nurlubaeva Yu.A.
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SUMMARY
Nasal  congestion  is  a  common  condition  in  which  reduced  nasal  patency  alters  respiratory  aerodynamics,  in-
creases upper airway resistance, and promotes a shift to mouth breathing, particularly during sleep. These chang-
es impair ventilation–perfusion matching, decrease gas-exchange efficiency, and may lead to systemic or local 
hypoxia, especially in sleep-disordered breathing and in children who are obligate nasal breathers. Clinical evi-
dence demonstrates that both chronic and acute nasal obstruction are associated with reduced SpO2, increased 
intermittent hypoxemia, sleep disruption, and cognitive and behavioral consequences. Medical and surgical relief 
of obstruction improves nasal airflow, decreases the severity of hypoxic episodes, and enhances the effectiveness 
of sleep-disordered breathing treatment. Thus, maintaining nasal patency is a key component in the prevention 
and correction of hypoxia across diverse patient populations.
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РЕЗЮМЕ
Заложенность носа – распространенное состояние, при котором снижение носовой проходимости на-
рушает аэродинамику дыхания, увеличивает сопротивление верхних дыхательных путей и способствует 
переходу на ротовое дыхание, особенно во сне. Эти изменения ведут к ухудшению вентиляционно-перфу-
зионного соответствия, снижению эффективности газообмена и могут вызывать системную или локальную 
гипоксию, выраженную особенно при обструктивных нарушениях дыхания во сне и у детей, являющихся 
облигатными носовыми дыхателями. Клинические данные подтверждают, что как хроническая, так и острая 
носовая обструкция ассоциированы со снижением SpO2, усилением интермиттирующей гипоксемии, на-
рушением сна, когнитивными и поведенческими эффектами. Медикаментозное и хирургическое устра-
нение обструкции улучшает носовое дыхание, снижает выраженность гипоксических эпизодов и повышает 
эффективность лечения расстройств дыхания во сне. Таким образом, поддержание носовой проходимо-
сти является важным компонентом профилактики и коррекции гипоксии у различных категорий пациентов.

КЛЮЧЕВЫЕ СЛОВА: носовая обструкция, заложенность носа, гипоксия, ротовое дыхание, обструктивное ап-
ноэ сна.
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Introduction 
Nasal congestion — a subjective sensation of “blocked” 

nasal passages with reduced airflow — is among the most 
frequent complaints that lead patients to seek care from oto-
rhinolaryngologists and primary care physicians. It accom-
panies a wide range of conditions, from acute viral rhinitis 

to chronic allergic rhinitis and chronic rhinosinusitis with 
nasal polyps. Allergic rhinitis alone affects approximately 
25% of the global population, and nasal congestion is of-
ten its most burdensome symptom. In addition to discomfort 
and reduced quality of life (e.g., impaired sleep and daytime 
performance), there is increasing awareness of the potential 
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systemic physiological consequences of nasal obstruction. 
In particular, there is justified concern that pronounced nasal 
congestion may reduce oxygen intake and cause tissue hy-
poxia in several clinical scenarios [1].

Hypoxia, defined as insufficient oxygen delivery to tis-
sues, is a key pathophysiological factor in many diseases and 
may arise as a consequence of impaired breathing. Obstruc-
tive sleep apnea (OSA) illustrates how elevated upper airway 
resistance and airway collapse produce intermittent noctur-
nal hypoxemia, contributing to cardiovascular and cognitive 
comorbidities. Nasal obstruction is a modifiable factor that 
can exacerbate OSA severity in many patients. Epidemio-
logical data show that habitual nighttime nasal congestion is 
associated with higher rates of snoring and OSA. In a popu-
lation-based cohort study, individuals with persistent severe 
nighttime congestion had approximately a threefold higher 
likelihood of habitual snoring compared with those without 
congestion. OSA itself is highly prevalent (approximately 
1 billion people worldwide), and its hallmark — recurrent hy-
poxemia — underlies many of its systemic consequences [2].

The purpose of this review is to analyze the relation-
ship between nasal congestion and hypoxia. We examine 
the mechanisms through which nasal obstruction can reduce 
oxygenation — both systemically (hypoxemia) and locally 
(mucosal hypoxia) — along with clinical contexts in which 
this association is most significant. Particular attention is paid 
to the impact of nasal versus oral breathing on gas exchange, 
the role of nasal congestion in sleep-disordered breathing and 
intermittent hypoxia, the vulnerability of infants and chil-
dren who rely on nasal respiration, and the potential benefits 
of relieving nasal obstruction for hypoxia-related outcomes. 
Synthesizing current evidence may help clinicians view nasal 
congestion not only as a local symptom but also as a factor 
with broader physiological implications.

Physiology of Nasal Breathing and Oxygenation
Under normal circumstances, humans predominant-

ly breathe through the nose, and nasal airflow serves sev-
eral essential physiological functions. The nasal passages 
warm, humidify, and filter inspired air, and they are a major 
source of nitric oxide (NO) produced in the paranasal sinuses.  
NO enters the lower airways during nasal inhalation and acts as 
an “aerocrine” mediator that enhances pulmonary oxygen up-
take and reduces pulmonary vascular resistance. Experimental 
studies demonstrate that nasal breathing improves arterial oxy-
genation compared with oral breathing. Lundberg et al. showed 
that in healthy adults, transcutaneous oxygen tension (tcPO2) 
was approximately 10% higher during nasal breathing, likely 
due to inhalation of endogenous NO and more favorable air-
flow distribution. In mechanically ventilated patients deprived 
of nasal airflow, reintroduction of NO-rich nasal air increased 
arterial oxygen tension (PaO2) by 18% and reduced pulmonary 
vascular resistance by 11%, underscoring the direct contribution 
of nasal-derived NO to gas-exchange efficiency [3].

A second important aspect is airway resistance. While 
the nasal airway creates resistance, it supports physiologi-
cally optimal airflow patterns. During wakefulness, the dif-
ference in resistance between nasal and oral breathing may be 
modest, but the difference becomes pronounced during sleep. 

In the classical study by Fitzpatrick et al., healthy volunteers 
were evaluated during sleep under forced oral versus nasal 
breathing. Oral breathing produced substantially higher upper 
airway resistance (median ~12.4 cm H2O·L⁻¹·s⁻¹) compared 
with nasal breathing (~5.2 cm H2O·L⁻¹·s⁻¹) during stage 2 
sleep. The greater collapsibility of the oropharynx with 
an open mouth accounted for most of this difference. The ap-
nea–hypopnea index (AHI) was almost negligible during na-
sal breathing (~1.5 events/h) but reached pathological val-
ues during forced oral breathing (~43 events/h). This clearly 
demonstrated the mechanical advantage of nasal breathing 
in maintaining upper airway stability during sleep. Nasal 
breathing promotes physiologic jaw and tongue positioning 
(tongue against the palate), whereas mouth breathing causes 
posterior displacement of the tongue and airway narrowing. 
Thus, adequate nasal patency is crucial for stable nocturnal 
respiration without episodes of apnea and hypopnea [4].

In summary, the nasal passages play a central role in re-
spiratory physiology by improving oxygenation (via NO-me-
diated effects on pulmonary hemodynamics) and stabilizing 
the upper airway. When nasal breathing is impaired, these 
advantages are lost. The next sections discuss how nasal con-
gestion — by inducing mouth breathing or increasing resis-
tance — can lead to measurable reductions in oxygenation.

Effects of Nasal Obstruction on Oxygenation and Breathing
Severe nasal obstruction (pronounced congestion or com-

plete blockage) disrupts normal breathing mechanics. A fre-
quent and immediate consequence is a shift to mouth breath-
ing, which, as noted above, reduces ventilation efficiency and 
upper airway stability during sleep. Additionally, nasal ob-
struction may alter breathing parameters during wakefulness. 
Increased total airway resistance elevates the work of breath-
ing, promoting hypoventilation: breathing becomes more shal-
low and less effective. As a result, blood oxygen levels (hy-
poxemia) may decrease, and PaCO2 may rise (hypercapnia)  
if minute ventilation cannot be adequately maintained [5].

Clinical studies demonstrate the effect of acute and 
chronic nasal obstruction on gas exchange. In patients with 
long-standing nasal obstruction (septal deviation, polyposis, 
turbinate hypertrophy), baseline PaO2 may be moderately 
reduced (“latent” hypoxemia) even in the absence of pul-
monary disease. Sobh et al. evaluated 59 adults undergoing 
surgery for nasal obstruction (mostly septoplasty or polyp-
ectomy) and assessed arterial blood gases before and after 
surgery. Preoperatively, some patients exhibited low-normal 
PaO2 and SpO2. When postoperative nasal packing complete-
ly blocked nasal airflow, PaO2 and SpO2 decreased further, 
accompanied by a mild drop in pH (suggesting slight hyper-
capnia). After removal of the nasal packing (restored nasal 
breathing), oxygenation improved and exceeded preoperative 
levels. This reversible experiment directly demonstrates that 
nasal obstruction can induce hypoxemia, likely through hy-
poventilation and ventilation–perfusion mismatch.

Earlier studies reported similar findings. Öğretmenoğlu 
et al. showed that bilateral nasal packing in postoperative 
patients significantly reduced nocturnal oxygen saturation, 
whereas nasal airway tubes mitigated desaturation. Cassisi 
et al. (1971) showed that posterior nasal packing for epistaxis 
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significantly decreased PaO2 in adults, with minimal chang-
es in PaCO2; hypoxemia resolved after removal of packing. 
Proposed mechanisms include reflex pathways (e.g., the “na-
sopulmonary reflex,” reducing respiratory drive) and me-
chanical factors (mouth breathing with increased pharyngeal 
collapsibility). The resulting cascade is: nasal blockage → 
mouth breathing + reflex hypoventilation → ventilation–per-
fusion mismatch → hypoxemia [6, 7].

Local mucosal hypoxia of the nasal and sinus tissues 
is also significant. When sinus ventilation is impaired 
(as in chronic rhinosinusitis with polyps), oxygen tension in 
the sinus cavities decreases. Such hypoxia promotes inflam-
mation by stabilizing hypoxia-inducible factor-1α (HIF-1α) 
and upregulating pro-inflammatory gene expression. The 
review by Zhong et al. (2022) highlights that hypoxic con-
ditions in chronically inflamed sinonasal mucosa worsen 
epithelial dysfunction and polyp growth, creating a vicious 
cycle: obstruction → hypoxia → inflammation → further ob-
struction [8].

Individual variability should be noted. In a small study 
by Taasan et al., healthy volunteers underwent complete na-
sal occlusion during sleep assessment. Despite severe dis-
comfort and forced oral breathing, some subjects did not 
exhibit significant desaturations. The authors suggested that 
young healthy adults can compensate effectively over short 
periods via oral breathing, and the small sample size (N=7) 
limits generalizability. Thus, short-term nasal obstruction in 
healthy subjects may be well tolerated, whereas patients with 
comorbidities or prolonged sleep are more prone to develop-
ing hypoxemia. Overall, the available evidence indicates that 
pronounced bilateral nasal obstruction adversely affects ox-
ygenation, particularly during sleep or sedation, when com-
pensatory mechanisms are diminished [9].

Nasal Congestion in Sleep-Disordered Breathing 
and Intermittent Hypoxia

The strongest link between nasal congestion and hypox-
ia is observed in sleep-disordered breathing — snoring and 
OSA. During sleep, muscle relaxation and the supine position 
predispose the airway to collapse; increased nasal resistance 
due to congestion further exacerbates this risk by promoting 
mouth breathing and upper airway instability.

Epidemiological and clinical studies confirm the associ-
ation between reduced nasal patency and OSA. In the Wis-
consin Sleep Cohort, individuals with chronic nighttime nasal 
congestion (“often” or “always”) had a significantly high-
er risk of habitual snoring and probable undiagnosed OSA. 
A longitudinal analysis showed that subjects with severe 
nighttime congestion were nearly three times more likely 
to develop habitual snoring over five years. Allergic rhini-
tis — a common cause of chronic congestion — is associ-
ated with at least a twofold increase in OSA risk, primarily 
due to increased nasal resistance and mouth breathing during 
sleep. Chirakalwasan et al. showed that effective treatment 
of allergic rhinitis can moderately reduce OSA severity, un-
derscoring the contributory role of nasal obstruction [10–12].

The mechanistic link is clear: nasal obstruction increases 
airway resistance and forces mouth breathing, which — as 
shown earlier — substantially increases the risk of obstruc-

tive events. Additionally, nasal obstruction reduces afferent 
stimulation from nasal airflow receptors that help maintain 
respiratory drive, potentially lowering ventilation during 
sleep transitions. Experiments with artificial nasal occlusion 
provide compelling evidence. Metes et al. demonstrated that 
nasal occlusion in healthy individuals induced snoring and 
apnea that were not present during normal nasal breathing. 
In patients with OSA, Lan et al. (2021) found that those with 
narrower or more resistant nasal passages spent more time 
in nocturnal hypoxemia, concluding that nasal obstruction is 
an “important factor” contributing to hypoxemia in moder-
ate-to-severe OSA [11].

Intermittent hypoxia drives sympathetic activation, oxi-
dative stress, inflammation, hypertension, cardiovascular dis-
ease, and cognitive decline. A newer metric — the hypoxic 
burden (area under the curve of oxygen desaturations during 
sleep) — has been shown to be a stronger predictor of cogni-
tive impairment and cardiovascular outcomes than AHI alone. 
Huang et al. demonstrated that in OSA patients, higher hy-
poxic burden was associated with a significantly greater risk 
of mild cognitive impairment at comparable AHI values. This 
suggests that any factor worsening desaturation (including 
nasal congestion) may accelerate cognitive decline [13–16].

Improving nasal airflow can reduce OSA severity or im-
prove disease control. Randomized trials show that intranasal 
corticosteroids in allergic rhinitis patients with OSA reduce 
AHI by 30–40% and improve subjective sleep quality and 
daytime alertness. Nasal surgery (septoplasty, turbinate re-
duction, polypectomy) often improves CPAP tolerance and 
may decrease apnea frequency in selected patients. Although 
nasal surgery rarely cures OSA, it provides clinically mean-
ingful benefits, especially by improving CPAP adherence. 
McNicholas emphasized that variable obstruction (such as 
nighttime congestion or positional effects) may play a more 
important role in OSA physiology than fixed anatomical nar-
rowing [13–16].

Oxidative stress is also relevant. Passali et al. (2025) re-
ported elevated oxidative stress biomarkers in patients with 
isolated nasal obstruction (AHI <5) at levels comparable  
to those in OSA patients. This indicates that impaired nasal 
airflow alone may initiate systemic oxidative–inflammatory 
responses, supporting a continuum: isolated obstruction → 
snoring → OSA, united by hypoxia–reoxygenation cycles [15].

Thus, nasal congestion is both a risk factor for sleep-relat-
ed hypoxemia and an exacerbating component in established 
OSA. Patients with chronic congestion and sleep symptoms 
should be evaluated for sleep-disordered breathing, and nasal 
pathology should be considered a treatment target to improve 
oxygenation, cognitive function, daytime alertness, and car-
diovascular outcomes.

Special Populations: Pediatric Patients and the Impact  
of Nasal Obstruction

Infants and young children
Infants are particularly vulnerable to the consequenc-

es of nasal congestion. Newborns are predominantly nasal 
breathers in the first months of life. Due to anatomical and 
reflex factors, they have limited ability to switch effectively 
to oral breathing, especially during feeding. Even moderate 
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nasal obstruction can lead to respiratory distress, feeding dif-
ficulties, and hypoxic episodes. Trabalon and Schaal showed 
that forced oral breathing due to nasal obstruction signifi-
cantly affects neonatal systemic adaptation and behavior. 
The clinical relevance is evident in bilateral choanal atre-
sia — a congenital blockage of the posterior nasal airway. 
Affected infants are cyanotic and hypoxic at rest but improve 
during crying (temporary oral airflow), highlighting the criti-
cal role of nasal breathing for oxygenation in early life. Even 
less severe congestion (e.g., neonatal rhinitis or residual milk 
in the nasopharynx) may cause desaturation or apnea. There-
fore, nasal hygiene (saline irrigation and secretion removal) 
is routinely recommended to prevent respiratory and hypoxic 
episodes in infants. Maintaining nasal patency during this 
period is essential to prevent hypoxemia and its consequenc-
es, including inadequate weight gain, impaired growth, and 
a theoretical contribution to sudden infant death risk in ex-
treme cases [17].

Older children and adolescents
In preschool and school-aged children, chronic nasal 

obstruction is most commonly due to adenoid hypertrophy 
and/or allergic rhinitis. Such children often become chronic 
mouth breathers. Mouth breathing in childhood is associat-
ed with craniofacial abnormalities (long face, high-arched 
palate), sleep disturbances, and cognitive and behavioral im-
pairments. Pediatric sleep-disordered breathing (often due 
to adenotonsillar hypertrophy) leads to intermittent hypox-
ia that adversely affects neurocognitive development and 
growth hormone secretion. Untreated pediatric OSA is as-
sociated with deficits in memory, attention, academic perfor-
mance, and behavioral issues resembling ADHD. Even mild-
er forms — primary snoring with mouth breathing — can 
negatively affect daytime function. In a cross-sectional study 
by Kuroishi et al., children with “mouth breathing syndrome” 
performed significantly worse on tests of working memory, 
reading comprehension, and arithmetic skills compared with 
nasal breathers [18].

Nocturnal hypoxemia is common in mouth-breathing 
children, even without full OSA. Allergic inflammation fur-
ther disrupts sleep architecture. Parents frequently report 
snoring, noisy breathing, daytime sleepiness, and inattention. 
Many symptoms improve after adenotonsillectomy or effec-
tive allergy treatment [19].

Growth is another important aspect. Chronic hypoxemia 
from sleep-disordered breathing may suppress nocturnal 
growth hormone secretion. “Catch-up” growth is frequently 
observed after adenotonsillectomy. Similarly, restoring nasal 
patency may support adequate oxygenation required for op-
timal growth. Some observational studies show that treating 
allergic rhinitis improves not only sleep but also weight gain 
and growth metrics in children, likely by reducing breathing 
effort and hypoxic stress during sleep.

In adolescents, mouth breathing may persist and con-
tribute to reduced tongue strength, impaired oral function, 
and lower cognitive performance. Masutomi et al. (2024) 
showed that adolescents who mouth breathe have reduced 
oral musculature performance and poorer cognitive scores 
compared with nasal breathers. Residual snoring or mild 

OSA is often present. Restoring nasal airflow — medical-
ly or orthodontically — remains important even at this  
age [19].

Thus, pediatric populations vividly demonstrate that nasal 
congestion can lead to hypoxia-associated problems, from 
acute respiratory compromise in infants to cognitive and 
growth impairments in older children. Early identification 
and treatment of nasal obstruction (medical, surgical, ortho-
dontic) are essential to prevent these adverse outcomes.

Therapeutic Perspectives: Reducing Hypoxia  
by Relieving Nasal Obstruction

Given the evidence that nasal congestion contributes 
to hypoxemia and reduces ventilation efficiency, it is reason-
able to assume that correcting obstruction may provide ben-
efits beyond symptom relief — improving oxygenation and 
clinical outcomes. Therapeutic approaches include medical 
and surgical treatments, often combined.

Medical therapy targets reversible causes of congestion. 
In allergic rhinitis, intranasal corticosteroids are first-line 
agents; they reduce mucosal inflammation and edema. Im-
proved nasal airway patency decreases mouth breathing and 
snoring. As noted above, randomized trials in children and 
adults with combined allergic rhinitis and OSA have shown 
that intranasal steroids produce moderate reductions in AHI 
and significant improvements in sleep quality and daytime 
alertness. Adjunctive therapies include antihistamines (for 
allergy), anticholinergic nasal sprays (for vasomotor rhini-
tis), and isotonic saline irrigations. Short-acting topical de-
congestants (oxymetazoline and others) provide rapid relief 
in acute rhinitis or during CPAP titration in congested pa-
tients but are limited by the risk of rhinitis medicamentosa. 
In OSA patients with pronounced nasal congestion, combin-
ing intranasal steroids with a decongestant improves CPAP 
tolerance and adherence — an important practical consid-
eration, as optimizing nasal airflow helps disrupt the cycle 
of “nasal obstruction → CPAP intolerance → persistent hy-
poxia” [20].

Surgical interventions are indicated in structural abnor-
malities and chronic rhinosinusitis unresponsive to med-
ical therapy. Septoplasty (often with turbinate reduction) 
significantly improves nasal airflow. Several studies report 
improvements in pulmonary function and oxygenation 
in patients with preexisting nasal obstruction following sep-
toplasty. In one observational study, patients with septal devi-
ation and snoring experienced improved minimum nocturnal 
oxygen saturation and reduced apnea frequency one month 
postoperatively. Endoscopic sinus surgery and polypectomy 
also relieve congestion and reduce local hypoxic inflamma-
tory stimuli. Although nasal surgery alone rarely cures OSA, 
some patients — particularly those with mild disease where 
nasal obstruction is the major contributor — achieve clinical-
ly significant improvements. Most patients benefit indirectly 
through improved CPAP adherence.

New devices and technologies reflect the importance 
of nasal airflow. Nasal expiratory positive airway pressure 
(EPAP) devices are used for snoring and mild OSA and rely 
on nasal patency to generate positive pressure on exhalation. 
Their efficacy depends directly on unobstructed nasal passag-
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es. High-flow nasal oxygen therapy, widely used in hospitals, 
also requires preserved nasal flow and can prevent hypox-
emia in partial upper airway obstruction [20].

From a preventive standpoint, especially in pediatrics, 
early treatment of allergic rhinitis and timely adenoidectomy 
(when indicated) prevent long-term consequences of chron-
ic hypoxia. Orthodontic interventions (e.g., rapid maxillary 
expansion) are used in children with high-arched palates and 
nasal narrowing to increase nasal cavity volume, which may 
improve nocturnal breathing and oxygenation.

Thus, targeted correction of nasal congestion should be 
considered part of the therapeutic strategy for patients with 
hypoxemia or sleep-disordered breathing secondary to nasal 
obstruction. In OSA, clinicians should maintain a low thresh-
old for active nasal treatment: simple measures (daily intrana-
sal steroids, allergen control) can reduce apnea frequency and 
increase minimum saturation levels. For structural obstruc-
tion, timely surgical correction is indicated — not only for 
subjective comfort, but also to reduce the contribution to sys-
temic hypoxia. Relieving nasal congestion may improve cog-
nitive function, daytime alertness, and blood pressure control 
by reducing intermittent hypoxia and sympathetic activation.

Conclusion
Nasal congestion and hypoxia are closely interconnected: 

reduced nasal patency increases airway resistance, promotes 
mouth breathing, and raises the likelihood of upper airway 
collapse during sleep, leading to intermittent hypoxia, sym-
pathetic activation, and oxidative stress. Infants and children 
are especially vulnerable, as even moderate obstruction may 
cause desaturation, sleep disruption, cognitive impairment, 
and growth disturbances. Clinical evidence shows that med-
ical and surgical correction of nasal obstruction improves ox-
ygenation, reduces apnea frequency, and enhances sleep qual-
ity, although the effect depends on the severity of obstruction, 
anatomical factors, and comorbid conditions. Gaps remain 
in defining threshold levels of nasal resistance that produce 
clinically significant hypoxia and in evaluating the long-term 
impact of treating chronic nasal congestion on OSA risk and 
cardiovascular outcomes.
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