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Introduction
Obstructive sleep apnea (OSA) is a prevalent sleep disorder char-
acterized by recurrent episodes of partial or complete upper airway 
obstruction during sleep, leading to intermittent hypoxia (IH) and 
sleep fragmentation (SF).1 These physiological disturbances have 
been increasingly recognized for their potential role in various sys-
temic diseases, including cardiovascular disorders, metabolic dys-
function, and, more recently, oncogenesis. Among the malignancies 
potentially linked to OSA, lung cancer has garnered significant at-
tention due to its high global incidence and mortality rates. Lung 
cancer remains one of the leading causes of cancer-related deaths 
worldwide, with complex etiological factors including smoking, en-
vironmental exposures, and emerging evidence suggesting a role for 
chronic physiological stressors such as those induced by OSA.2

The relationship between OSA and lung cancer is hypothesized 
to stem from the pathophysiological consequences of IH and SF, 
which may promote tumor initiation, progression, and metastasis 

through mechanisms such as hypoxia-inducible factor (HIF) acti-
vation, tumor immune microenvironment (TIME) remodeling, ex-
osome-mediated signaling, and enhanced cancer stem cell (CSC) 
properties. Epidemiological studies exploring this association have 
yielded conflicting results.3–7 These discrepancies may arise from 
variations in study design, population characteristics, follow-up 
duration, and adjustment for confounders such as smoking and 
obesity.

This review aims to synthesize current epidemiological evi-
dence on the association between OSA and lung cancer incidence 
and mortality, while also exploring the underlying pathophysiolog-
ical mechanisms driving this relationship. Additionally, it evalu-
ates the potential impact of continuous positive airway pressure 
(CPAP) therapy on lung cancer risk and prognosis, highlighting its 
role in mitigating OSA-related oncogenic effects. By addressing 
these aspects, this review seeks to provide a comprehensive under-
standing of the interplay between OSA and lung cancer, informing 
future research and clinical management strategies.

Epidemiology

OSA and lung cancer prevalence and incidence
A recent cross-sectional study combining the SAIL (Sleep Apnea 
in Lung Cancer) and SAILS (Sleep Apnea in Lung Cancer Screen-
ing) cohorts (n = 302; NCT02764866) provided further evidence 
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supporting the predominant role of nocturnal hypoxemia. Using 
home sleep apnea testing, moderate-to-severe OSA (apnea-hypo-
pnea index (AHI) > 15) was associated with an 8% higher preva-
lence of lung cancer compared to AHI < 15, with statistical sig-
nificance maintained after propensity score matching (P = 0.015) 
and nearest-neighbor matching (P = 0.041). Adjusted binary lo-
gistic regression revealed associations of nocturnal hypoxemia 
indices—T90% (P = 0.005) and ODI3% (P = 0.02)—with lung 
cancer presence.8 The prospective SAILS study (NCT02764866) 
investigated OSA prevalence in 236 high-risk smokers (mean age 
63.6 years, 45 pack-years) undergoing lung cancer screening with 
low-dose computed tomography. Moderate-to-severe OSA (AHI 
≥ 15) was highly prevalent, and nocturnal hypoxemia (T90), re-
duced diffusing capacity of the lungs for carbon monoxide, greater 
tobacco exposure, and chronic obstructive pulmonary disease were 
significantly associated with OSA severity. After multivariate ad-
justment, nocturnal hypoxemia emerged as an independent predic-
tor of positive screening findings (lung nodules ≥ 6 mm; odds ratio 
2.6, 95% confidence interval (CI) 1.12–6.09, P = 0.027).9

Previous studies have identified a significant association be-
tween nocturnal oxygen desaturation (a hallmark of OSA) and 
increased incidence of smoking-related cancers, including lung 
cancer.10 Regarding the association between OSA and lung can-
cer incidence, epidemiological evidence exhibits considerable in-
consistency. This review synthesizes findings from eight relevant 
studies, encompassing diverse populations, study designs, and 
time spans, to elucidate the relationship between OSA, its severity 
(measured by the AHI, nocturnal hypoxemia indicators [T90%], 
or mean oxygen saturation [SaO2]), and lung cancer incidence. 
These studies include retrospective cohort, prospective cohort, and 
matched-control designs, involving populations such as veterans, 
Asian cohorts, female nurses, and the general population. Lung 
cancer risk was evaluated using Cox proportional hazards models 
or standardized incidence ratios (SIR).

Gozal et al.,6 utilizing a large U.S. health insurance database 
of approximately 5.6 million individuals, found no statistically 
significant association between OSA and lung cancer incidence 
(hazard ratio (HR) 1.02, 95% CI 0.99–1.06), nor was OSA linked 
to lung cancer progression or mortality. However, OSA was asso-
ciated with a significantly increased risk of pancreatic, kidney, and 
melanoma cancers, while risks for colorectal, breast, and prostate 
cancers were lower. This suggests that OSA may have a limited 
overall impact on lung cancer but exerts a more pronounced effect 
on other cancer types. Similarly, Marriott et al.11 conducted a study 
on a cohort of 20,289 patients from a sleep clinic in Western Aus-
tralia (median follow-up of 11.2 years) and found no significant 
association between AHI (AHI > 30 vs. AHI < 5, HR 0.80, 95% 
CI 0.51–1.26) or T90% (T90% ≥ 2.2 vs. T90% < 0.1, HR 0.96, 
95% CI 0.67–1.38) and lung cancer incidence. Although noctur-
nal hypoxemia was independently associated with baseline cancer 
prevalence, after adjusting for confounders such as age, sex, body 
mass index, and smoking, OSA severity showed no independent 
association with cancer incidence, including lung cancer, suggest-
ing that OSA may not be a direct driver of lung cancer.

In contrast, Jara et al.12 conducted a study on 1,377,285 pa-
tients within the Veterans Health Care System (median follow-up 
of 7.4 years) and reported a significant increase in overall cancer 
risk associated with OSA (HR 1.97, 95% CI 1.94–2.00), with a 
32% increased incidence of lung cancer (HR 1.32, 95% CI 1.27–
1.38). After adjusting for confounders such as age, sex, smoking, 
and obesity, OSA remained an independent risk factor for can-
cer development, particularly in the predominantly male veteran 

population, suggesting that OSA may influence lung cancer risk 
through specific carcinogenic mechanisms. Similarly, Kendzer-
ska et al.,4 in a multicenter retrospective study in Canada (N = 
33,711, median follow-up of 7 years), found that severe OSA was 
associated with an increased risk of lung cancer (HR 1.34, 95% 
CI 1.00–1.80), whereas mild-to-moderate OSA showed no such 
association. Nocturnal hypoxemia (mean SaO2 < 93.4%) was also 
identified as an independent risk factor for lung cancer, indicat-
ing a significant contribution of severe hypoxemia to lung can-
cer risk.4 Justeau et al.13 further underscored the role of noctur-
nal hypoxemia in a multicenter cohort study (N = 8,748, median 
follow-up of 5.8 years). They found no direct association between 
AHI and lung cancer incidence, but T90% (percentage of sleep 
time with oxygen saturation < 90%) was an independent risk fac-
tor for lung cancer development (T90% ≥ 13% vs. T90% < 0.01, 
HR 2.14, 95% CI 1.01–4.54), suggesting that chronic IH may be 
a critical carcinogenic mechanism. A prospective study in 2021 
(Nurses’ Health Study, N = 65,330, women, mean age 73.3 years, 
follow-up of 8 years) also found a significant association between 
OSA and lung cancer risk (HR 1.52, 95% CI 1.07–2.17).14 Among 
non-smokers, OSA patients had approximately three times the lung 
cancer incidence compared to non-OSA patients (HR 2.96, 95% CI 
1.42–6.18). However, this study relied on self-reported OSA diag-
noses via questionnaires rather than polysomnography, potentially 
introducing diagnostic bias. Nevertheless, the stronger association 
in non-smokers suggests that hypoxemia may amplify lung cancer 
risk in the absence of smoking exposure.

However, some studies have reported contrasting findings. Sil-
lah et al.5 investigated 34,402 OSA patients (mean follow-up of 
5.3 years) and observed an elevated overall cancer incidence (SIR 
1.26, 95% CI 1.20–1.32), but lung cancer incidence was lower than 
expected (SIR 0.66, 95% CI 0.54–0.79, with 115 observed cases 
compared to 175 expected cases), suggesting a potential protective 
effect of OSA against lung cancer. Similarly, a 2023 study based 
on a 12-year follow-up from the Korea National Health Insur-
ance Service found a significantly reduced lung cancer incidence 
among OSA patients (HR 0.87, 95% CI 0.82–0.93), particularly in 
male patients (HR 0.84, 95% CI 0.78–0.90), while no significant 
association was observed in female patients (HR 1.05, 95% CI 
0.91–1.21).15 This gender-specific protective effect may be related 
to genetic or environmental factors specific to Asian populations.

The observed discrepancies in study findings may stem from sev-
eral underlying factors. Firstly, studies reporting an elevated lung 
cancer risk associated with OSA often involve follow-up periods 
exceeding seven years.12–14 Given the chronic nature of both OSA 
and lung cancer, with their prolonged latency periods, the interval be-
tween disease onset and clinical diagnosis can span several years. Es-
tablishing a causal link between OSA’s physiological effects and can-
cer progression requires OSA to persist for an extended period before 
cancer detection, even if undiagnosed. For instance, research sug-
gests that squamous cell lung carcinoma typically requires approxi-
mately eight years to reach a radiologically detectable size. Secondly, 
many epidemiological studies rely on national health insurance da-
tabases to identify patients with OSA.12,13 While these datasets offer 
valuable large-scale insights, they are prone to inherent biases. Key 
confounding variables, such as obesity and smoking status, are often 
inadequately documented or challenging to assess accurately in such 
registries. Insufficient adjustment for these factors can significantly 
skew study outcomes, leading to inconsistent findings across investi-
gations due to variations in risk factor prevalence. Moreover, identi-
fying OSA patients through administrative databases introduces risks 
of selection bias and exposure misclassification. Control groups la-
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beled as “unexposed” (lacking an OSA diagnosis) may inadvertently 
include undiagnosed OSA cases, particularly in clinical cohorts with 
prevalent OSA-related risk factors, such as obesity. Conversely, diag-
nosed OSA patients may not fully represent the broader OSA popula-
tion, as they often exhibit more severe symptoms or comorbidities. 
To address these limitations, community-based studies employing 
objective diagnostic tools, such as polysomnography, could yield 
more accurate estimates of OSA prevalence. However, such studies 
are resource-intensive, often resulting in smaller sample sizes that 
constrain statistical power. Another critical factor is the variability in 
adjusting for confounders, such as smoking, body mass index, and 
comorbidities. Inconsistent control for these variables may obscure 
or exaggerate the true association between OSA and lung cancer risk. 
Notably, several studies (e.g., Justeau, Kendzerska) indicate that noc-
turnal hypoxemia—measured by metrics like T90% (time spent with 
oxygen saturation below 90%) or low SaO2—is a stronger predictor 
of lung cancer risk than the AHI.4,14 This suggests that chronic IH 
may be a primary oncogenic mechanism in OSA-related carcinogen-
esis. Although AHI is a widely used diagnostic metric, it primarily 
quantifies the frequency of respiratory disturbances and does not ful-
ly capture OSA’s pathophysiological complexity. The clinical impact 
of OSA extends beyond apnea and hypopnea events, encompassing 
the severity and cumulative duration of oxygen desaturation. As a 
standalone measure, AHI may fail to account for systemic effects, 
such as chronic inflammation, oxidative stress, and activation of the 
HIF pathway, all of which are critical in cancer initiation and progres-
sion (Table 1).4–6,11–15

OSA and mortality of lung cancer
A retrospective case series analysis of a sleep cohort with suspect-
ed OSA (2009–2014), comprising 8,261 patients, reported a lung 
cancer incidence rate of 242.1 per 100,000 individuals—signifi-
cantly higher than that of the general adult population in Taiwan 
(51.5 per 100,000, P < 0.01).16 Notably, cancer-related mortality 
at three years increased progressively with OSA severity: 25% for 
AHI < 15, 50% for AHI 15–29, and 80% for AHI ≥ 30 (chi-squared 
test for trend, P = 0.03). Kaplan–Meier survival analysis further 

demonstrated that stage III–IV lung cancer patients with AHI < 30 
had significantly improved overall survival and progression-free 
survival compared to those with severe OSA (P = 0.02).

Another study conducted at the Third Affiliated Hospital of 
Kunming Medical University (2017) evaluated 45 patients with 
surgically resectable lung cancer alongside a control group. After 
one year of follow-up, the OSA subgroup exhibited a significantly 
higher overall deterioration rate (encompassing death, recurrence, 
and metastasis) compared to the non-OSA subgroup (P < 0.05). 
However, individual outcomes—mortality, recurrence, and metas-
tasis rates—did not reach statistical significance (OSA subgroup: 
3 deaths, 5 recurrences, 4 metastases; non-OSA subgroup: 1 death, 
4 recurrences, 2 metastases).17

Current epidemiological findings underscore a strong associa-
tion between severe OSA and elevated mortality risk in lung can-
cer patients, with evidence suggesting that OSA may accelerate 
disease progression through mechanisms such as chronic nocturnal 
hypoxemia. These observations highlight the need for greater clin-
ical consideration of OSA in lung cancer management and further 
research into its pathophysiological role (Table 2).16,17

Pathogenesis
The primary pathophysiological mechanisms of OSA involve re-
current IH and SF caused by apneic episodes. Chronic intermit-
tent hypoxia induces dysfunction across multiple physiological 
systems, including cardiovascular diseases, endocrine-metabolic 
disorders, urogenital dysfunction, and cognitive impairments. In 
the context of OSA, IH and SF may promote alterations in mul-
tiple signaling pathways, which not only initiate malignant trans-
formation but also modify the tumor microenvironment, impair 
immune surveillance, and thereby accelerate tumor dissemination 
and proliferation, enhancing local and metastatic invasion. Cur-
rent research primarily focuses on the impact of IH on tumor biol-
ogy, with mechanisms generally attributed to changes in oxygen-
sensitive pathways, oxidative stress, inflammation, invasion and 
metastasis, and immune responses (Fig. 1).

Table 1.  Summary of major epidemiological studies on obstructive sleep apnea (OSA), nocturnal hypoxemia, and lung cancer incidence

First author, 
Year

Country/
Region Study design N Follow-up 

(median)
OSA 
diagnosis Key notes

Gozal, 20166 USA cohort 5.6 million 3.2 y ICD codes No association with lung cancer

Kendzerska, 
20214

Canada Multicenter 
retrospective

33,711 7 y PSG The severity of OSA and nocturnal hypoxemia was 
independently associated with incident cancer

Jara, 202012 USA 
(Veterans)

Retrospec-
tive cohort

1,377,285 7.4 y ICD codes Association with lung cancer

Justeau, 
202013

France multicenter 
cohort

8,748 5.8 y PSG Nocturnal hypoxemia was associ-
ated with lung malignancies

Sillah, 20185 USA Community 
cohort

34,402 5.3 y ICD codes Paradoxical lower incidence

Huang, 
202014

USA Sleep clinic 
cohort

65,330 8 y Self report OSA was associated with significant-
ly increased risk of lung cancer

Marriott, 
202311

Australia Sleep clinic 
cohort

20,289 11.2 y PSG No association

Park, 202315 Korea NHIS national 
cohort

267,849 12 y operational 
code

Protective in Asian males

ICD, International Classification of Diseases; NHIS, National Health Insurance Service; PSG, polysomnography.
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Activation and role of HIF
IH, a hallmark feature of OSA, significantly activates HIFs, par-
ticularly HIF-1α and HIF-2α. Under hypoxic conditions, HIFs sta-
bilize and regulate the transcription of multiple genes that promote 
tumor-adaptive changes. For instance, HIF-1α upregulates vascu-
lar endothelial growth factor, facilitating tumor angiogenesis and 
enhancing oxygen and nutrient supply to tumor cells.18 HIF-2α 
supports tumor stem cell self-renewal, increasing metastatic po-
tential. Additionally, HIFs activate matrix metalloproteinases and 
epithelial–mesenchymal transition-related genes, promoting tumor 
invasion and distant metastasis. Studies have shown that HIF-1α 
expression is significantly elevated in lung cancer nodules under 
IH conditions.19

Remodeling of the TIME
IH promotes tumor immune evasion and progression by reshaping 
the TIME. Research indicates that IH induces the recruitment of 
M2-type macrophages, myeloid-derived suppressor cells, and reg-
ulatory T cells, which secrete immunosuppressive factors such as 
interleukin (IL)-10 and transforming growth factor-beta, thereby 
attenuating anti-tumor immunity.20 Concurrently, IH upregulates 
programmed death-ligand 1 expression through HIF and other 
signaling pathways, suppressing CD8+ T cell activity and further 
facilitating immune evasion.21,22 Moreover, IH promotes the re-
lease of pro-inflammatory cytokines (e.g., IL-6, tumor necrosis 
factor-alpha), amplifying the inflammatory state of the tumor mi-
croenvironment and indirectly supporting tumor proliferation and 
metastasis.23

Mediating role of exosomes
Exosomes play a critical role in OSA-induced lung cancer progres-
sion. IH stimulates tumor cells and immune cells to release ex-
osomes carrying microRNAs (e.g., miR-21, miR-210) and proteins 
(e.g., vascular endothelial growth factor, HIF-1α), which modulate 
the TIME, promote angiogenesis, and induce immunosuppres-
sion.24,25 Studies demonstrate that exosomes released under IH 
conditions enhance the malignant characteristics of lung cancer 
cells, such as proliferation, migration, and metastasis.26 Exosomes 
can also influence distant organs via systemic circulation, forming 
a pre-metastatic niche that promotes tumor metastasis.27 Further-
more, exosomes may transfer drug resistance-related molecules 
(e.g., P-glycoprotein), conferring chemoresistance to tumor cells.28

Nuclear factor κB (NF-κB) signaling pathway
NF-κB is a pivotal transcription factor in IH-induced inflamma-
tion and tumor progression. Research shows that IH activates the 
NF-κB pathway, inducing the expression of pro-inflammatory 
cytokines (e.g., IL-6, tumor necrosis factor-alpha, cyclooxyge-
nase-2), which creates a pro-tumorigenic microenvironment.29,30 

NF-κB also upregulates anti-apoptotic genes (e.g., BCL-2) and cell 
cycle genes (e.g., Cyclin D1), enhancing tumor cell survival and 
proliferation.30 Additionally, NF-κB activates matrix metallopro-
teinases and adhesion molecules, promoting tumor cell invasion 
and metastasis.31 Notably, NF-κB interacts synergistically with 
HIF, amplifying pro-tumorigenic signaling.

Enhancement of CSCs
IH enhances CSC properties through multiple mechanisms, pro-
moting lung cancer progression. Studies have found that IH upreg-
ulates CSC markers (e.g., Oct4, Sox2, Nanog) via HIF and NF-κB 
pathways, sustaining CSC self-renewal.32 Furthermore, the IH-
induced TIME, characterized by M2 macrophages and myeloid-
derived suppressor cells, secretes transforming growth factor-beta 
and IL-6, which further promote CSC proliferation and differen-
tiation.33,34 CSCs exhibit inherent resistance to chemotherapy and 
radiotherapy, and IH further enhances this resistance through HIF 
and NF-κB, contributing to treatment failure.35

Treatment
Research indicates that when patients adherent to CPAP therapy 
are excluded from analysis, the association between OSA and 
lung cancer risk becomes more pronounced.13 Conversely, among 
patients receiving adequate CPAP treatment, the relationship be-
tween nocturnal hypoxemia and cancer risk is no longer evident, 
suggesting that CPAP therapy may positively influence lung can-
cer incidence and prognosis by improving oxygenation status.

A recently published prospective multicenter clinical study pro-
vides further evidence supporting this hypothesis. The study ex-
amined the relationship between untreated severe OSA and mela-
noma prognosis, finding that untreated severe OSA significantly 
increased the risk of poor melanoma outcomes (HR 2.96, 95% 
confidence interval [CI] 1.36–6.42).36 However, following CPAP 
treatment, this risk was reduced by approximately half (HR 1.66, 
95% CI 0.71–3.90), indicating that CPAP therapy may mitigate 
cancer-related outcomes by alleviating OSA-induced hypoxemia. 
This finding offers preliminary support for the potential protective 
role of OSA treatment in cancer management, although the wide 
CI suggests the need for larger sample size studies to further vali-
date these results.

Another multicenter study, through a secondary analysis of 
specific cancer types, further explored the impact of CPAP treat-
ment on lung cancer incidence.37 It found that patients receiving 
adequate CPAP therapy exhibited an approximately 50% reduction 
in lung cancer incidence compared to non-adherent patients (sub-
distribution HR 0.49, 95% CI 0.22–1.09). Although the CI crosses 
1, indicating that statistical significance requires further confirma-
tion, this result suggests that CPAP treatment may confer a protec-
tive effect against lung cancer development.

Table 2.  Summary of major epidemiological studies on obstructive sleep apnea (OSA), nocturnal hypoxemia, and lung cancer mortality

First au-
thor, Year

Country/
Region Study design N Follow-up 

(median)
OSA di-
agnosis Key notes

Huang, 202016 Taiwan Sleep cohort 8,261 5 y PSG OSA is associated with an increased risk of cancer mor-
tality

Liu, 201917 China Prospective 
SAILS screening

45 1 y HSAT The mortality, recurrence rate, and metastasis rate in-
creased in lung cancer patients with OSA during the 
one-year follow-up period

HSAT, home sleep apnea testing; PSG, polysomnography; SAILS, sleep apnea in lung cancer screening.
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Discussion
Several narrative and systematic reviews have previously explored 
the relationship between OSA and cancer risk in general38; how-
ever, most have either addressed cancer as a whole or focused on 

other malignancies (e.g., breast, colorectal, or melanoma). To our 
knowledge, only two English-language reviews published before 
2025 have specifically targeted the association between OSA and 
lung cancer.39,40

Fig. 1. Proposed mechanisms linking obstructive sleep apnea (OSA) to cancer progression. Intermittent hypoxia (IH) and sleep fragmentation in OSA lead 
to repeated cycles of hypoxia–reoxygenation and cortical arousals (shown by EEG and SaO2 traces). These stressors activate hypoxia-inducible factor-1α (HIF-
1α) and nuclear factor-κB (NF-κB) pathways, which drive: (1) secretion of vascular endothelial growth factor (VEGF) and subsequent tumor angiogenesis; 
(2) remodeling of the tumor immune microenvironment (TIME) through recruitment of M2-type macrophages, myeloid-derived suppressor cells (MDSCs), 
and regulatory T cells (Tregs), along with increased production of pro-inflammatory and pro-tumorigenic cytokines (IL-6, TNF-α, COX-2); (3) enhanced cancer 
stem cell (CSC) self-renewal via upregulation of Oct4, Sox2, and Nanog; (4) release of tumor-derived exosomes carrying oncogenic microRNAs (e.g., miR-21, 
miR-210) and proteins (VEGF, HIF-1α) that further promote angiogenesis, immune evasion, and metastasis. Ultimately, these molecular and cellular altera-
tions accelerate tumorigenesis, angiogenesis, metastasis, and overall cancer progression. COX-2, cyclooxygenase-2; EEG, electroencephalogram; IH, inter-
mittent hypoxia; IL-6, interleukin-6; Nanog, homeobox protein Nanog; NF-κB, nuclear factor kappa B; Oct4, octamer-binding transcription factor 4; SaO2, 
arterial oxygen saturation; Sox2, SRY-box transcription factor 2; TNF-α, tumor necrosis factor-alpha; Tregs, regulatory T cells.
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Compared with these prior works, the present review offers sev-
eral novel and distinguishing features:

Inclusion of the most recent large-scale epidemiological evi-
dence (2023–2025), including the Western Australian sleep clinic 
cohort (N = 20,289), the Korean NHIS 12-year follow-up study 
showing a paradoxical protective effect in males, and updated 
analyses of CPAP’s impact on site-specific cancer incidence.

Comprehensive integration of emerging pathophysiological 
mechanisms (exosome-mediated intercellular communication, 
CSC enhancement, and NF-κB/HIF crosstalk) that were only brief-
ly mentioned or absent in previous lung cancer-focused reviews.

Specific emphasis on the potential modifying effect of long-
term adherent CPAP therapy on lung cancer incidence and progno-
sis—an area still underexplored in prior reviews.

The clinical significance of this work lies in raising awareness 
that severe nocturnal hypoxemia in OSA patients may represent an 
independent, modifiable risk factor for lung cancer, particularly 
in never-smokers and in populations with high OSA prevalence. 
This has direct implications for risk stratification, cancer screening 
strategies, and the urgency of treating OSA in patients with or at 
risk of lung cancer.

Limitations
Nevertheless, several limitations of this review must be acknowl-
edged. First, although we performed a systematic literature search, 
formal meta-analysis was not feasible due to substantial hetero-
geneity in study design, OSA diagnostic criteria (administrative 
codes vs. polysomnography), hypoxemia metrics, follow-up du-
ration, and confounder adjustment. Second, most included epide-
miological studies originate from North America, Europe, and East 
Asia; data from Africa, South America, and South Asia remain 
scarce, limiting global generalizability. Third, publication bias 
and selective reporting of positive associations cannot be fully ex-
cluded. Finally, the majority of mechanistic evidence derives from 
preclinical models of chronic IH; translational studies confirming 
these pathways in human lung cancer tissue from OSA patients are 
still limited.

Future directions
Despite substantial progress, several critical knowledge gaps must 
be addressed to definitively establish the causal relationship be-
tween OSA and lung cancer and to translate these insights into 
clinical practice:
•	 Large-scale, prospective, polysomnography-based cohort stud-

ies with long-term (>10 years) follow-up, standardized assess-
ment of both AHI and objective hypoxemia burden (T90%, 
cumulative hypoxic burden, oxygen desaturation index), and 
rigorous adjustment for smoking, obesity, chronic obstructive 
pulmonary disease, and socioeconomic factors in diverse global 
populations.

•	 Randomized controlled trials or well-designed pragmatic trials 
evaluating whether early, adherent CPAP therapy (or alterna-
tive therapies such as mandibular advancement devices or hy-
poglossal nerve stimulation) reduces lung cancer incidence and 
improves prognosis in patients with severe OSA and nocturnal 
hypoxemia.

•	 Integration of OSA screening into lung cancer screening pro-
grams using low-dose computed tomography, particularly in 
never-smokers and in regions with high OSA prevalence, to de-
termine whether co-existing severe hypoxemia modifies screen-

ing yield, false-positive rates, and downstream cancer detection.
•	 Investigation of sex-specific and ethnicity-specific effects, es-

pecially the mechanisms underlying the paradoxical protective 
association observed in East Asian males, including genetic, 
hormonal, and environmental interactions.
Addressing these priorities will clarify whether OSA and noc-

turnal hypoxemia represent modifiable risk factors for lung cancer 
and help establish evidence-based recommendations for OSA di-
agnosis and treatment in the context of lung cancer prevention and 
management.

Conclusions
Accumulating evidence indicates that severe OSA, particularly 
when accompanied by marked nocturnal hypoxemia, is associated 
with increased lung cancer incidence and worse prognosis in mul-
tiple cohorts, although results remain inconsistent across popula-
tions and study designs. Nocturnal hypoxemia burden consistently 
emerges as a stronger and more reproducible risk predictor than 
the apnea–hypopnea index alone, highlighting IH as the primary 
oncogenic driver. Mechanistically, OSA promotes lung cancer 
progression through HIF activation, TIME remodeling, exosome-
mediated signaling, NF-κB-driven inflammation, and enhance-
ment of CSC properties. Long-term adherent CPAP therapy shows 
promising potential to mitigate these risks and improve outcomes. 
These findings underscore the clinical importance of recognizing 
and treating severe OSA and nocturnal hypoxemia in patients at 
risk of or diagnosed with lung cancer.

Acknowledgments
None.

Funding
None.

Conflict of interest
The authors declare that they have no conflict of interest related to 
this publication.

Author contributions
Study concept and design (JL), literature search, data interpreta-
tion, results discussion, manuscript drafting, preparation of tables 
and figures (JL, TF, QZ), critical revision of the manuscript (JL), 
project supervision, final approval of the manuscript, and journal 
correspondence (JL). All authors contributed equally to this work.

References
[1]	 Chang JL, Goldberg AN, Alt JA, Mohammed A, Ashbrook L, Auckley 

D, et al. International Consensus Statement on Obstructive Sleep Ap-
nea. Int Forum Allergy Rhinol 2023;13(7):1061–1482. doi:10.1002/
alr.23079, PMID:36068685.

[2]	 Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et 
al. Global cancer statistics 2022: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J 
Clin 2024;74(3):229–263. doi:10.3322/caac.21834, PMID:38572751.

[3]	 Li L, Lu J, Xue W, Wang L, Zhai Y, Fan Z, et al. Target of obstructive 
sleep apnea syndrome merge lung cancer: based on big data plat-

https://doi.org/10.14218/ERHM.2025.00040
https://doi.org/10.1002/alr.23079
https://doi.org/10.1002/alr.23079
http://www.ncbi.nlm.nih.gov/pubmed/36068685
https://doi.org/10.3322/caac.21834
http://www.ncbi.nlm.nih.gov/pubmed/38572751


DOI: 10.14218/ERHM.2025.00040  |  Volume 11 Issue 2, April 2026 7

Li J. et al: OSA and lung cancer: insights & mechanisms Explor Res Hypothesis Med

form. Oncotarget 2017;8(13):21567–21578. doi:10.18632/onco-
target.15372, PMID:28423489.

[4]	 Kendzerska T, Povitz M, Leung RS, Boulos MI, McIsaac DI, Murray BJ, 
et al. Obstructive Sleep Apnea and Incident Cancer: A Large Retro-
spective Multicenter Clinical Cohort Study. Cancer Epidemiol Bio-
markers Prev 2021;30(2):295–304. doi:10.1158/1055-9965.EPI-20-
0975, PMID:33268490.

[5]	 Sillah A, Watson NF, Schwartz SM, Gozal D, Phipps AI. Sleep apnea and 
subsequent cancer incidence. Cancer Causes Control 2018;29(10):987–
994. doi:10.1007/s10552-018-1073-5, PMID:30120643.

[6]	 Gozal D, Ham SA, Mokhlesi B. Sleep Apnea and Cancer: Analysis of 
a Nationwide Population Sample. Sleep 2016;39(8):1493–1500. 
doi:10.5665/sleep.6004, PMID:27166241.

[7]	 Cabezas E, Pérez-Warnisher MT, Troncoso MF, Gómez T, Melchor R, 
Pinillos EJ, et al. Sleep Disordered Breathing Is Highly Prevalent in 
Patients with Lung Cancer: Results of the Sleep Apnea in Lung Can-
cer Study. Respiration 2019;97(2):119–124. doi:10.1159/000492273, 
PMID:30261487.

[8]	 Seijo LM, Pérez-Warnisher MT, Giraldo-Cadavid LF, Oliveros H, Ca-
bezas E, Troncoso MF, et al. Obstructive sleep apnea and noctur-
nal hypoxemia are associated with an increased risk of lung can-
cer. Sleep Med 2019;63:41–45. doi:10.1016/j.sleep.2019.05.011, 
PMID:31605903.

[9]	 Pérez-Warnisher MT, Cabezas E, Troncoso MF, Gómez T, Melchor 
R, Pinillos EJ, et al. Sleep disordered breathing and nocturnal hy-
poxemia are very prevalent in a lung cancer screening population 
and may condition lung cancer screening findings: results of the 
prospective Sleep Apnea In Lung Cancer Screening (SAILS) study. 
Sleep Med 2019;54:181–186. doi:10.1016/j.sleep.2018.10.020, 
PMID:30580192.

[10]	 Kendzerska T, Leung RS, Hawker G, Tomlinson G, Gershon AS. Obstruc-
tive sleep apnea and the prevalence and incidence of cancer. CMAJ 
2014;186(13):985–992. doi:10.1503/cmaj.140238, PMID:25096668.

[11]	 Marriott RJ, Singh B, McArdle N, Darcey E, King S, Bond-Smith D, 
et al. Does OSA Increase Risk for Cancer?: A Large Historical Sleep 
Clinic Cohort Study. Chest 2023;164(4):1042–1056. doi:10.1016/j.
chest.2023.04.043, PMID:37150506.

[12]	 Jara SM, Phipps AI, Maynard C, Weaver EM. The Association of 
Sleep Apnea and Cancer in Veterans. Otolaryngol Head Neck Surg 
2020;162(4):581–588. doi:10.1177/0194599819900487, PMID:320 
13761.

[13]	 Justeau G, Gervès-Pinquié C, Le Vaillant M, Trzepizur W, Meslier 
N, Goupil F, et al. Association Between Nocturnal Hypoxemia and 
Cancer Incidence in Patients Investigated for OSA: Data From a 
Large Multicenter French Cohort. Chest 2020;158(6):2610–2620. 
doi:10.1016/j.chest.2020.06.055, PMID:32629036.

[14]	 Huang T, Lin BM, Stampfer MJ, Schernhammer ES, Saxena R, Twor-
oger SS, et al. Associations of self-reported obstructive sleep apnea 
with total and site-specific cancer risk in older women: a prospec-
tive study. Sleep 2021;44(3):zsaa198. doi:10.1093/sleep/zsaa198, 
PMID:33015707.

[15]	 Park MJ, Han KD, Cho JH, Choi JH. Incidence disparities of obstruc-
tive sleep apnea-associated lung cancer by gender; Korean Nation-
al Health Insurance data analysis. Front Oncol 2023;13:1214279. 
doi:10.3389/fonc.2023.1214279, PMID:37538117.

[16]	 Huang HY, Lin SW, Chuang LP, Wang CL, Sun MH, Li HY, et al. Se-
vere OSA associated with higher risk of mortality in stage III and IV 
lung cancer. J Clin Sleep Med 2020;16(7):1091–1098. doi:10.5664/
jcsm.8432, PMID:32209219.

[17]	 Liu W, Luo M, Fang YY, Wei S, Zhou L, Liu K. Relationship be-
tween Occurrence and Progression of Lung Cancer and Noctur-
nal Intermittent Hypoxia, Apnea and Daytime Sleepiness. Curr 
Med Sci 2019;39(4):568–575. doi:10.1007/s11596-019-2075-6, 
PMID:31346992.

[18]	 Chen Z, Han F, Du Y, Shi H, Zhou W. Hypoxic microenvironment in 
cancer: molecular mechanisms and therapeutic interventions. Signal 
Transduct Target Ther 2023;8(1):70. doi:10.1038/s41392-023-01332-
8, PMID:36797231.

[19]	 Gu X, Zhang J, Shi Y, Shen H, Li Y, Chen Y, et al. ESM1/HIF-1α pathway 
modulates chronic intermittent hypoxia-induced non-small-cell lung 

cancer proliferation, stemness and epithelial-mesenchymal transi-
tion. Oncol Rep 2021;45(3):1226–1234. doi:10.3892/or.2020.7913, 
PMID:33650648.

[20]	 Vitale I, Manic G, Coussens LM, Kroemer G, Galluzzi L. Mac-
rophages and Metabolism in the Tumor Microenvironment. Cell 
Metab 2019;30(1):36–50. doi:10.1016/j.cmet.2019.06.001, PMID: 
31269428.

[21]	 Noman MZ, Desantis G, Janji B, Hasmim M, Karray S, Dessen P, et 
al. PD-L1 is a novel direct target of HIF-1α, and its blockade under 
hypoxia enhanced MDSC-mediated T cell activation. J Exp Med 
2014;211(5):781–790. doi:10.1084/jem.20131916, PMID:24778419.

[22]	 Er Özilhan S, Efil SC, Çanakçı D, Ağaçkıran Y, Şener Dede D, Onak Kan-
demir N, et al. Correlation of PD-L1 and HIF-1 Alpha Expression with 
KRAS Mutation and Clinicopathological Parameters in Non-Small 
Cell Lung Cancer. Curr Issues Mol Biol 2025;47(2):121. doi:10.3390/
cimb47020121, PMID:39996842.

[23]	 Delprat V, Tellier C, Demazy C, Raes M, Feron O, Michiels C. Cycling 
hypoxia promotes a pro-inflammatory phenotype in macrophages 
via JNK/p65 signaling pathway. Sci Rep 2020;10(1):882. doi:10.1038/
s41598-020-57677-5, PMID:31964911.

[24]	 Khalyfa A, Almendros I, Gileles-Hillel A, Akbarpour M, Trzepizur W, 
Mokhlesi B, et al. Circulating exosomes potentiate tumor malignant 
properties in a mouse model of chronic sleep fragmentation. Onco-
target 2016;7(34):54676–54690. doi:10.18632/oncotarget.10578, 
PMID:27419627.

[25]	 Vaupel P, Multhoff G. Hypoxia-/HIF-1α-Driven Factors of the Tumor 
Microenvironment Impeding Antitumor Immune Responses and Pro-
moting Malignant Progression. Adv Exp Med Biol 2018;1072:171–
175. doi:10.1007/978-3-319-91287-5_27, PMID:30178341.

[26]	 Zhou S, Lan Y, Li Y, Li Z, Pu J, Wei L. Hypoxic Tumor-Derived Exosomes In-
duce M2 Macrophage Polarization via PKM2/AMPK to Promote Lung 
Cancer Progression. Cell Transplant 2022;31:9636897221106998. 
doi:10.1177/09636897221106998, PMID:35818293.

[27]	 Guo Y, Ji X, Liu J, Fan D, Zhou Q, Chen C, et al. Effects of exosomes on 
pre-metastatic niche formation in tumors. Mol Cancer 2019;18(1):39. 
doi:10.1186/s12943-019-0995-1, PMID:30857545.

[28]	 Yin L, Liu X, Shao X, Feng T, Xu J, Wang Q, et al. The role of exosomes 
in lung cancer metastasis and clinical applications: an updated re-
view. J Transl Med 2021;19(1):312. doi:10.1186/s12967-021-02985-
1, PMID:34281588.

[29]	 Rastogi S, Aldosary S, Saeedan AS, Ansari MN, Singh M, Kaithwas G. 
NF-κB mediated regulation of tumor cell proliferation in hypoxic mi-
croenvironment. Front Pharmacol 2023;14:1108915. doi:10.3389/
fphar.2023.1108915, PMID:36891273.

[30]	 Hoesel B, Schmid JA. The complexity of NF-κB signaling in inflamma-
tion and cancer. Mol Cancer 2013;12:86. doi:10.1186/1476-4598-12-
86, PMID:23915189.

[31]	 Oh A, Pardo M, Rodriguez A, Yu C, Nguyen L, Liang O, et al. NF-κB 
signaling in neoplastic transition from epithelial to mesenchymal 
phenotype. Cell Commun Signal 2023;21(1):291. doi:10.1186/
s12964-023-01207-z, PMID:37853467.

[32]	 Hao S, Zhu X, Liu Z, Wu X, Li S, Jiang P, et al. Chronic intermittent hy-
poxia promoted lung cancer stem cell-like properties via enhancing 
Bach1 expression. Respir Res 2021;22(1):58. doi:10.1186/s12931-
021-01655-6, PMID:33596919.

[33]	 Dong M, Zhang X, Peng P, Chen Z, Zhang Y, Wan L, et al. Hypoxia-
induced TREM1 promotes mesenchymal-like states of glioma stem 
cells via alternatively activating tumor-associated macrophages. 
Cancer Lett 2024;590:216801. doi:10.1016/j.canlet.2024.216801, 
PMID:38479552.

[34]	 Chen L, Gao Y, Li Y, Wang C, Chen D, Gao Y, et al. Severe Intermit-
tent Hypoxia Modulates the Macrophage Phenotype and Impairs 
Wound Healing Through Downregulation of HIF-2α. Nat Sci Sleep 
2022;14:1511–1520. doi:10.2147/NSS.S382275, PMID:36068885.

[35]	 Chu X, Tian W, Ning J, Xiao G, Zhou Y, Wang Z, et al. Cancer stem 
cells: advances in knowledge and implications for cancer therapy. 
Signal Transduct Target Ther 2024;9(1):170. doi:10.1038/s41392-
024-01851-y, PMID:38965243.

[36]	 Gómez-Olivas JD, Campos-Rodriguez F, Nagore E, Martorell A, García-
Rio F, Cubillos C, et al. Role of Sleep Apnea and Long-Term CPAP Treat-

https://doi.org/10.14218/ERHM.2025.00040
https://doi.org/10.18632/oncotarget.15372
https://doi.org/10.18632/oncotarget.15372
http://www.ncbi.nlm.nih.gov/pubmed/28423489
https://doi.org/10.1158/1055-9965.EPI-20-0975
https://doi.org/10.1158/1055-9965.EPI-20-0975
http://www.ncbi.nlm.nih.gov/pubmed/33268490
https://doi.org/10.1007/s10552-018-1073-5
http://www.ncbi.nlm.nih.gov/pubmed/30120643
https://doi.org/10.5665/sleep.6004
http://www.ncbi.nlm.nih.gov/pubmed/27166241
https://doi.org/10.1159/000492273
http://www.ncbi.nlm.nih.gov/pubmed/30261487
https://doi.org/10.1016/j.sleep.2019.05.011
http://www.ncbi.nlm.nih.gov/pubmed/31605903
https://doi.org/10.1016/j.sleep.2018.10.020
http://www.ncbi.nlm.nih.gov/pubmed/30580192
https://doi.org/10.1503/cmaj.140238
http://www.ncbi.nlm.nih.gov/pubmed/25096668
https://doi.org/10.1016/j.chest.2023.04.043
https://doi.org/10.1016/j.chest.2023.04.043
http://www.ncbi.nlm.nih.gov/pubmed/37150506
https://doi.org/10.1177/0194599819900487
http://www.ncbi.nlm.nih.gov/pubmed/32013761
http://www.ncbi.nlm.nih.gov/pubmed/32013761
https://doi.org/10.1016/j.chest.2020.06.055
http://www.ncbi.nlm.nih.gov/pubmed/32629036
https://doi.org/10.1093/sleep/zsaa198
http://www.ncbi.nlm.nih.gov/pubmed/33015707
https://doi.org/10.3389/fonc.2023.1214279
http://www.ncbi.nlm.nih.gov/pubmed/37538117
https://doi.org/10.5664/jcsm.8432
https://doi.org/10.5664/jcsm.8432
http://www.ncbi.nlm.nih.gov/pubmed/32209219
https://doi.org/10.1007/s11596-019-2075-6
http://www.ncbi.nlm.nih.gov/pubmed/31346992
https://doi.org/10.1038/s41392-023-01332-8
https://doi.org/10.1038/s41392-023-01332-8
http://www.ncbi.nlm.nih.gov/pubmed/36797231
https://doi.org/10.3892/or.2020.7913
http://www.ncbi.nlm.nih.gov/pubmed/33650648
https://doi.org/10.1016/j.cmet.2019.06.001
http://www.ncbi.nlm.nih.gov/pubmed/31269428
https://doi.org/10.1084/jem.20131916
http://www.ncbi.nlm.nih.gov/pubmed/24778419
https://doi.org/10.3390/cimb47020121
https://doi.org/10.3390/cimb47020121
http://www.ncbi.nlm.nih.gov/pubmed/39996842
https://doi.org/10.1038/s41598-020-57677-5
https://doi.org/10.1038/s41598-020-57677-5
http://www.ncbi.nlm.nih.gov/pubmed/31964911
https://doi.org/10.18632/oncotarget.10578
http://www.ncbi.nlm.nih.gov/pubmed/27419627
https://doi.org/10.1007/978-3-319-91287-5_27
http://www.ncbi.nlm.nih.gov/pubmed/30178341
https://doi.org/10.1177/09636897221106998
http://www.ncbi.nlm.nih.gov/pubmed/35818293
https://doi.org/10.1186/s12943-019-0995-1
http://www.ncbi.nlm.nih.gov/pubmed/30857545
https://doi.org/10.1186/s12967-021-02985-1
https://doi.org/10.1186/s12967-021-02985-1
http://www.ncbi.nlm.nih.gov/pubmed/34281588
https://doi.org/10.3389/fphar.2023.1108915
https://doi.org/10.3389/fphar.2023.1108915
http://www.ncbi.nlm.nih.gov/pubmed/36891273
https://doi.org/10.1186/1476-4598-12-86
https://doi.org/10.1186/1476-4598-12-86
http://www.ncbi.nlm.nih.gov/pubmed/23915189
https://doi.org/10.1186/s12964-023-01207-z
https://doi.org/10.1186/s12964-023-01207-z
http://www.ncbi.nlm.nih.gov/pubmed/37853467
https://doi.org/10.1186/s12931-021-01655-6
https://doi.org/10.1186/s12931-021-01655-6
http://www.ncbi.nlm.nih.gov/pubmed/33596919
https://doi.org/10.1016/j.canlet.2024.216801
http://www.ncbi.nlm.nih.gov/pubmed/38479552
https://doi.org/10.2147/NSS.S382275
http://www.ncbi.nlm.nih.gov/pubmed/36068885
https://doi.org/10.1038/s41392-024-01851-y
https://doi.org/10.1038/s41392-024-01851-y
http://www.ncbi.nlm.nih.gov/pubmed/38965243


DOI: 10.14218/ERHM.2025.00040  |  Volume 11 Issue 2, April 20268

Li J. et al: OSA and lung cancer: insights & mechanismsExplor Res Hypothesis Med

ment in the Prognosis of Patients With Melanoma: A Prospective 
Multicenter Study of 443 Patients. Chest 2023;164(6):1551–1559. 
doi:10.1016/j.chest.2023.06.012, PMID:37348828.

[37]	 Justeau G, Bailly S, Gervès-Pinquié C, Trzepizur W, Meslier N, 
Goupil F, et al. Cancer risk in patients with sleep apnoea following 
adherent 5-year CPAP therapy. Eur Respir J 2022;59(4):2101935. 
doi:10.1183/13993003.01935-2021, PMID:34475228.

[38]	 Palamaner Subash Shantha G, Kumar AA, Cheskin LJ, Pancholy 
SB. Association between sleep-disordered breathing, obstruc-
tive sleep apnea, and cancer incidence: a systematic review and 

meta-analysis. Sleep Med 2015;16(10):1289–1294. doi:10.1016/j.
sleep.2015.04.014, PMID:26212231.

[39]	 Cheong AJY, Tan BKJ, Teo YH, Tan NKW, Yap DWT, Sia CH, et al. Ob-
structive Sleep Apnea and Lung Cancer: A Systematic Review and Me-
ta-Analysis. Ann Am Thorac Soc 2022;19(3):469–475. doi:10.1513/
AnnalsATS.202108-960OC, PMID:34792438.

[40]	 Yuan F, Hu Y, Xu F, Feng X. A review of obstructive sleep apnea and lung 
cancer: epidemiology, pathogenesis, and therapeutic options. Front Im-
munol 2024;15:1374236. doi:10.3389/fimmu.2024.1374236, PMID: 
38605948.

https://doi.org/10.14218/ERHM.2025.00040
https://doi.org/10.1016/j.chest.2023.06.012
http://www.ncbi.nlm.nih.gov/pubmed/37348828
https://doi.org/10.1183/13993003.01935-2021
http://www.ncbi.nlm.nih.gov/pubmed/34475228
https://doi.org/10.1016/j.sleep.2015.04.014
https://doi.org/10.1016/j.sleep.2015.04.014
http://www.ncbi.nlm.nih.gov/pubmed/26212231
https://doi.org/10.1513/AnnalsATS.202108-960OC
https://doi.org/10.1513/AnnalsATS.202108-960OC
http://www.ncbi.nlm.nih.gov/pubmed/34792438
https://doi.org/10.3389/fimmu.2024.1374236
http://www.ncbi.nlm.nih.gov/pubmed/38605948

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Epidemiology﻿

	﻿﻿OSA and lung cancer prevalence and incidence﻿

	﻿﻿﻿OSA and mortality of lung cancer﻿


	﻿﻿﻿﻿﻿Pathogenesis﻿

	﻿﻿﻿Activation and role of HIF﻿

	﻿﻿﻿Remodeling of the TIME﻿

	﻿﻿﻿Mediating role of exosomes﻿

	﻿﻿﻿Nuclear factor κB (NF-κB) signaling pathway﻿

	﻿﻿﻿Enhancement of CSCs﻿


	﻿﻿﻿﻿Treatment﻿

	﻿﻿﻿Discussion﻿

	﻿﻿﻿Limitations﻿

	﻿﻿﻿Future directions﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


