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Background: Obstructive sleep apnea (OSA) and chronic obstructive pulmonary disease (COPD) are two common chronic
respiratory diseases. Their co-existence forms overlap syndrome (OVS), a distinct clinical entity that imposes a dual burden on
patients due to its unique pathophysiological mechanisms and significant clinical implications.

Purpose: This narrative review describes the consequences of OVS by tracing its pathophysiological from molecular mechanisms to
clinical phenotypes, including non-cardiovascular complications. The primary aim is to synthesize this knowledge into a conceptual
framework to guide future therapeutic development.

Methods: We searched electronic databases including Pubmed, Web of Science and Google Scholar for relevant studies and academic
articles discussing OSA-COPD overlap.

Results: OVS demonstrates a high population prevalence, with distribution influenced by factors such as gender, age, COPD-specific
phenotypes, and OSA severity. Pathogenically, factors including smoking and obesity collectively contribute to significant airflow
limitation (AFL) through impaired respiratory control, reduced ventilatory drive, and multi-level airway narrowing. The characteristic
chronic hypoxia and persistent AFL drive disease progression by triggering systemic inflammation, oxidative stress, and autonomic
dysfunction. Consequently, the clinical presentation of OVS is more complex and severe than that of either disease alone, characterized
by profound hypoxemia and prevalent hypercapnia. Beyond the core respiratory impairments, which predispose patients to major
cardiovascular events, OVS drives a range of extrapulmonary manifestations. These include metabolic derangements, hematological
alterations, neuropsychiatric complications, Vitamin D Deficiency, osteoporosis, retinal vascular tortuosity, erectile dysfunction (ED),
and postural control, potentially fueled by persistent systemic inflammation and chronic hypoxia. This multisystem involvement. This
multisystem involvement collectively contributes to a significantly worsened clinical prognosis.

Conclusion: Understanding the progression from localized AFL to systemic injury is essential for clarifying the full burden of OVS,
particularly as it relates to its various comorbidities. Current evidence offers a basis for improving early identification and diagnosis of
both the primary condition and its associated comorbid states. Future research should prioritize the development of personalized
management strategies that address the specific risks of different comorbidities.

Keywords: obstructive apnea syndrome, chronic obstructive pulmonary disease, overlap syndrome, metabolic disease, vitamin

D deficiency, retinal vascular tortuosity

Introduction

Chronic obstructive pulmonary disease (COPD), characterized by irreversible and progressive airflow limitation (AFL)
due to chronic airway inflammation, and obstructive sleep apnea (OSA), defined by recurrent apnea and hypopnea
episodes, represent two prevalent yet distinct respiratory disorders. Their coexistence, termed overlap syndrome (OVS).!

However, insufficient recognition of disease overlap by clinicians and patients frequently results in diagnostic and
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therapeutic oversight in clinical practice,? thereby resulting in OVS manifesting elevated incidence rates and dispropor-
tionately high mortality that surpass those characteristics of isolated COPD or OSA presentations. Experimental evidence
further corroborates these clinical observations; animal models simulating coexisting COPD and OSA through inter-
mittent hypoxia and smoking exposure reveal characteristic pathological alterations via electron microscopy, including
alveolar collapse, inflammatory cell infiltration, and immune cell damage.®> These findings collectively underscore the
imperative to enhance diagnostic precision and mechanistic comprehension of sleep-disordered breathing for mitigating
comorbidity-associated health burdens.

Ventilatory restriction serves as the primary pathophysiological catalyst, initiating maladaptive cellular/molecular
cascades that include sympathetic hyperactivity, systemic inflammation, and oxidative stress. Crucially, these mechan-
isms demonstrate comorbidity-specific dominance patterns. For instance, the significantly elevated hypertension and
coronary heart disease incidence observed in OVS patients compared to isolated OSA or COPD cases primarily results
from exacerbated vascular endothelial damage and impaired cellular immune responses.* Another study revealed that
rodent models subjected to the combined insults of chronic intermittent hypoxia and cigarette smoke exposure-which
induce characteristic pathologies including inflammatory cell infiltration and alveolar destruction-exhibit accelerated
bone destruction. This effect was mechanistically linked to the resulting dysregulated systemic inflammation rather than
mechanical stress alone.” Together, these insights highlight the need for multidimensional investigation into the
pathobiology of OVS.

This review aims to systematically elucidate the pathophysiological continuum of OVS from molecular mechanisms
to clinical phenotypes. In addition to the conventional focus on cardiovascular complications, emerging evidence
indicates that OVS is associated with a broader spectrum of multi-system complications. These encompass metabolic
disturbances, neurocognitive dysfunction, psychiatric comorbidities such as depression and anxiety, as well as critical
extrapulmonary manifestations including vitamin D deficiency and osteoporosis. Furthermore, less frequently recognized
conditions such as impaired postural stability, erectile dysfunction (ED), and retinal vascular tortuosity have also been
linked to OVS. These findings highlight the systemic nature of OVS and underscore the urgent need for enhanced early
recognition and systematic clinical management. Beyond raising diagnostic awareness, it is crucial to elucidate the
underlying mechanisms of these complications. To address current knowledge gaps, this review aims to establish a novel
theoretical framework focused on delineating the scope of systemic complications in OVS, thereby advancing precision
medicine strategies for complex respiratory multimorbidity.

Epidemiology of OSA and COPD

COPD affects more than 400 million people worldwide and ranks as the third leading cause of death. Its prevalence is
strongly linked to smoking, yet notable geographic and gender disparities exist. Low- and middle-income countries bear
the greatest burden, and projections indicate a rising prevalence among women- attributed to slower declines in tobacco
use and greater exposure to biomass fuels-while rates among men are expected to fall.° In parallel, OSA is highly
prevalent, affecting approximately 24% of men and 9% of women aged 30-60 years. Obesity serves as a core driver of
OSA, and given the ongoing increase in global obesity rates, the true prevalence of OSA is likely higher than current
estimates suggest. ' The high prevalence and serious health implications of both COPD and OSA underscore the urgent
need for effective prevention and early diagnosis strategies. When it comes to patients with OVS, epidemiological
investigations demonstrate variable prevalence patterns of OVS across clinical populations. While the general population
exhibits an OVS prevalence of approximately 2%, this rate diverges substantially in cohorts with isolated OSA or COPD.
Specifically, COPD prevalence ranges from 10.8% to 74.2% in OSA populations,® '* whereas OSA occurs in 3.6% to
68.18% of COPD patients.'*** Notably, individuals with cardiovascular or metabolic comorbidities show elevated OVS
prevalence.’® The observed heterogeneity in epidemiological data likely arises from methodological variations, including
inconsistent diagnostic criteria (eg, FEV|/FVC thresholds for AFL), differing hypoxemia definitions (eg, oxygen
desaturation index cutoffs), and disparities in sleep monitoring approaches (portable devices versus laboratory poly-
somnography (PSG)).

Further analysis of existing prevalence data reveals distinct epidemiological characteristics of OVS. Among these,
advanced age (>60 years) constitutes a clinically significant risk factor, as evidenced by a prospective observational
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study reporting an OVS prevalence of 41.3% in the study cohort, with advanced age (>60 years) identified as an
independent risk factor strongly correlated with diminished pulmonary function parameters.’’ This age-dependent
association has been further corroborated by subsequent investigations.>*>° Supporting this observation, studies
reveals that patients aged >60 years account for over 50% of reported OVS cases.'"'®37 Critically, this age-related
distribution does not imply inherent biological predisposition in elderly populations. Rather, it underscores age as
a contributing factor to OVS clinical manifestation, potentially mediated through cumulative exposure to shared risk
factors (eg, chronic airway inflammation) and age-related physiological decline in respiratory compensatory
mechanisms.

Apart from age-related influences, gender-specific disparities emerge as critical modifiers of OVS epidemiology. For
instance, a comprehensive evaluation and meta-analysis by Chinese researchers revealed that the prevalence of COPD
combined with OSA reached 29.1% (95% CI 27.2%-30.9%). Notably, males were identified as the predominant group in
this context (OR 1.631, 95% CI: 1.231-2.161).>® And similar findings have been reported by researchers from various

%1418.19.37.39 However, a matched study from Israel showed that OSA prevalence was associated with higher

countries.
rates of COPD, with a more pronounced effect in females.*® Therefore, current evidence indicates that gender-related
differences represent a key factor influencing the epidemiology of OVS. More precisely, gender differences may
modulate the intensity of pro-inflammatory responses and differentially affect upper airway physiology in obstructive
lung diseases.*” These physiological variations likely contribute to the sex-specific clinical manifestations seen in
overlapping syndromes such as COPD-OSA. In male patients, COPD typically manifests with a distinct symptom profile
characterized by prominent airway symptoms such as cough and sputum, often accompanied by systemic manifestations
including fatigue and sleep disturbances.*' This clinical presentation shares pathophysiological similarities with the upper
airway collapse observed in OSA, suggesting a potential mechanistic interaction between the two disorders. In OSA,
male patients generally display greater disease severity, as indicated by higher apnea-hypopnea index (AHI), which
measures OSA severity by calculating the average number of apnea and hypopnea events per hour of sleep, and oxygen
desaturation index (ODI) values, along with a stronger correlation between disease severity and body mass index (BMI)
compared to females.** These findings suggest that OSA in males is not only more severe but also more closely linked to
obesity, a well-established shared risk factor for COPD-OSA overlap. Together, these male-predominant clinical features
of COPD and OSA appear to form a synergistic risk profile that favors their co-occurrence.”> In contrast, potential
protective effects of female reproductive hormones on respiratory function and sleep architecture may partly explain the
lower prevalence of OVS in women.** It should be noted that these proposed mechanisms require further validation, as
the current understanding remains constrained by a limited number of studies specifically examining sex-related factors
in the pathogenesis of OVS. Further research focused on gender differences in OVS is needed to clarify the underlying
mechanisms.

In addition to demographic determinants, such as age and gender, the prevalence of OVS is associated with distinct
phenotypes or progression stages of OSA and COPD. Research findings demonstrate a 47% prevalence of COPD
comorbidity in patients with moderate-to-severe OSA, whereas 58% of COPD patients without OSA symptoms exhibited
concurrent OVS development.®”** Furthermore, the incidence of OVS differs between COPD phenotypes: patients with
chronic bronchitis maintained a higher prevalence of OSA even after adjusting for BMI and lung function discrepancies,
whereas emphysema patients demonstrated a lower OSA prevalence.* This review reveals that OVS prevalence
demonstrates bidirectional associations with the severity of underlying diseases (OSA/COPD) and is modulated by
COPD phenotype-specific factors.

In conclusion, this study demonstrates that OVS exhibits elevated prevalence in both community-based popula-
tions and patients with OSA/COPD, suggesting multifactorial pathogenesis involving age, sex, and phenotypic
variations. Therefore, establishing consensus on standardized diagnostic criteria is essential. How to enhance the
accuracy of epidemiological assessments of OVS remains an important question worthy of further consideration
(Table 1).
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Table | Epidemiological Insights: Trends and Observations

References Reference Types Prevalence Diagnosis Method Gender Sample Statistical Time Mean Age Country
Rate (Male) Size

Abdelghani A® Retrospective study 1% Standard polygraphy 55.2% 130 2005 —2014 55.4%10.2 Tunis

Venkateswaran S’ Prospective study 63.60% PSG 19% 22 2009 - 2010 719 Singapore

Choi KM'® Cross-sectional study 10.80% PSG, spirometry 75% 1298 2013-2014 59.7+6.7 Korea

Spicuzza L' Prospective observational 74.23% Standard polygraphy 77% 295 \ 66 = 10 Italy

study

Tetyana K'? Prospective cohort study 12% PSG 62% 10,149 1994 —2010 50 Canada

Mohammad, Ol Retrospective study 50% Sleep questionnaires, PSG 82.2% 300 2018 —2020 50 Egypt

Azuma M Cross-sectional study 3.60% Actigraph, portable 85.0% 303 2004-2005 50.2+4.7 Japan
monitoring

Nattusami L'® Cross-sectional study 10.9% PSG, spirometry 78.1% 301 2014\ 12014\ 11 >45 India

Sridhara VSHK'® Cross-sectional study 8.50% PSG, spirometry 95.28% 106 2013 > 40 India

Almagro P"7 Cross-sectional study 14.90% Binary logistic regression 82.2% 4801 \ 69.6 £ 9.3 Spain

Sun WL'8 Cross-sectional study 52.8% Home portable monitoring, 92.9% 106 2016 - 2018 69.52 China
spirometry

Climaco DCS'? Cross-sectional study 50% PSG, spirometry 73% 102 \ 69.6x10.7 Brazil

Zhou W% Cross-sectional study 19.2% PSG, spirometry 76.8% 151 2014 - 2015 58.26 China/USA

Matsumoto T?' Prospective observational 8.10% PSG, spirometry 71% 344 2010 - 2012 > 40 Japan

study
Hu W22 Observational study 68.18% Scale, spirometry, PSG 84.85% 968 2016- 2018 40-80 China
Hang w2 Cross-sectional national 29.50% Questionnaire 81.1% 292 2013.1.19 -5.8 >40 China
telephone survey

Steveling EH?* Observational Study 19% Spirometry, nocturnal 69% 177 2011 —2012 64 (42-90) Switzerland
polygraphy

Schreiber A% Retrospective data review 45.00% PSG, Epworth 76% 422 2007-2013 69 £ 9 Italy

Tang M% Retrospective cohort study 2.84% PSG, spirometry 69.6% 6554 2014 —2020 60.6 £ 9.5 China
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Turcani P2

Prospective study 51% Polygraphy 60.48% 35 2013.2 —2013.5 66 Czech
Republic
Alkhayat, K*° Prospective study 44.19% PSG 54.65% 86 2019-2020 62.065 Egypt
Lurie A% Review 1.0-3.6% Literature search \ \ 1985-2020 \ France
Nair S*' Prospective observational 41.30% PSG, spirometry 37.9% 80 2015-2017 >60 India
study
Soler X32 Prospective observational 65.90% PSG 54% 44 2010-2012 67.218.1 Brazil
study
Morantes-Caballero Retrospective study 15.00% Literature search 41.2% 250 2016 2017 774 Colombia
JA3
Gothi D** Cross-sectional study 25.50% PSG, spirometry 85% 51 2011-2012 58.38 + 2.90 India
Zhang P* Cross-sectional study 66% Scale, spirometry, PSG 72% 842 2018-2019 638 China
Shawon MS*® Systematic review 1.0-3.6% Literature search \ 29341 Inception of the databases to 40 - 90 Australia
2015
Gunduz C¥7 Prospective study 58% Biochemical analysis, 96% 45 2010-2013 67.7 £ 85 Turkey
polygraphy
Du D*® Systematic review 29.10% Literature search \ \ Inception of the databases to \ China
March 2023

Hansson D%’ Cohort studies 47% Spirometry, PAT 59% 105 2018 - 2019 70.1+8 Sweden
Greenberg-Dotan 5% Observational Study 7.60% PSG 7.2% 2986 2001-2003 6411 Israel
Reshma S J* Cross-sectional study 16.70% Spirometry, PSG 85.7% 84 2018-2019 > 40 India
Adler D¥7 Cross-sectional study 13.00% PSG, spirometry 80.7% 14,368 1997-2017 >8 France
Yang X*® Observational study 33.14% Spirometry, PSG 65% 178 2018-2020 72 China

Note: “\’Indicates that the item was not specified in the study.
Abbreviations: PSG, polysomnography; PAT, peripheral arterial tonometry; HRCT, high-resolution computed tomography.
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Common Risk Factors and Pathogenesis of COPD and OSA

The risk factors predisposing OSA patients to COPD and COPD patients to OSA demonstrate substantial overlap, with

smoking, obesity, systemic inflammation,*’ and advanced age representing core shared elements.”® Smoking stands as the
most well-established common risk factor, not only directly damaging the lower airways to cause COPD but also contributing
to upper airway inflammation and collapse, thereby promoting the development of OSA.>' Obesity, particularly central
adiposity and increased neck circumference, participates in the pathogenesis of both OSA and COPD through mechanical
compression of the upper airway and restriction of lung volume.>* Furthermore, OSA exacerbates airway inflammation in
COPD patients, leading to markedly elevated inflammatory markers.>® The systemic inflammation associated with COPD,
combined with intermittent hypoxia and oxidative stress resulting from OSA, can mutually influence the structure and
function of both upper and lower airways, establishing a self-perpetuating pathological cycle.*’ As previous scholars have
comprehensively summarized and visualized these interactions, they will not be elaborated in detail here.>* Beyond these
established factors, emerging evidence has revealed the crucial involvement of neurorespiratory control mechanisms in OVS
pathophysiology.>> Consequently, the considerable overlap and bidirectional nature of these risk factors provide a fundamental
explanation for the frequent coexistence of COPD and OSA as an “OVS”. The following sections will elaborate on the various
elements contributing to the pathogenesis of this complex clinical entity (Figure 1).
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Figure | Anatomical and non-structural determinants interact to impair pulmonary ventilation and gas exchange, leading to systemic hypoxia. This condition predisposes
individuals to increased risks of inflammation, oxidative stress, and altered autonomic nervous activity, which may subsequently contribute to the pathogenesis of disorders
in other organ systems.
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Non-Anatomical Factors

Obesity

Obesity represents a critical pathophysiological link between COPD and OSA, with their interactions creating a self-
reinforcing vicious cycle.’®>’

Mechanistically, cervical adipose deposition in obesity compromises the structural integrity of pharyngeal soft
tissues, leading to upper airway narrowing and establishing the anatomical foundation for the upper airway
collapse central to OSA pathogenesis.”® Simultaneously, abdominal obesity mechanically restricts diaphragmatic
excursion and acts synergistically with COPD to significantly reduce lung compliance and functional residual
capacity (FRC).’® This FRC reduction facilitates small airway collapse by allowing closing volume to exceed the
threshold, while simultaneously diminishing the longitudinal traction that maintains upper airway patency, thereby
creating a dual compromise of both upper and lower airways. This compromised respiratory mechanics is further
exacerbated in the supine position due to elevated intra-abdominal pressure, culminating in posture-dependent
hypoxemia.>”

Biologically, the pulmonary inflammation characteristic of COPD engages in cross-talk with the systemic inflamma-
tion and oxidative stress triggered by OSA-related intermittent hypoxia, resulting in synergistic amplification. When
combined with the adipokine-mediated systemic inflammation and immune dysregulation inherent to obesity, these
processes deliver a collective second hit that significantly aggravates systemic injury, cardiovascular risk, and airway
hyperresponsiveness.*’

Regarding gas exchange, the convergence of persistent daytime hypoxemia from COPD and severe intermittent
nocturnal hypoxemia from OSA generates a nearly continuous hypoxic burden that serves as a primary driver for
pulmonary hypertension (PH) and respiratory failure. Crucially, these processes form a self-perpetuating cycle wherein
obesity-aggravated hypoxemia and hypercapnia stimulate further adipogenesis, while progressive pulmonary dysfunction
exacerbates metabolic disturbance.®'-*?

Ultimately, the intricate interplay of mechanical, inflammatory, hypoxic, and metabolic dysregulations leads to
substantially worse clinical outcomes in patients with the COPD-OSA-obesity-OVS, highlighting the imperative for
integrated therapeutic strategies.

Cigarette Smoking

Cigarette smoking, an established pathogenic driver of COPD progression, exhibits a dual mechanistic role in OSA
pathogenesis.*> Epidemiological analyses consistently demonstrate elevated smoking prevalence among OSA cohorts,
with a dose-dependent correlation between smoking intensity and OSA severity.***® Clinically, smoking potentiates
OSA-associated comorbidities including COPD, hypertension, and chronic airway inflammation through synergistic
pathways.®” Mechanistically, tobacco smoke induces respiratory epithelial barrier dysfunction, impairing innate defense
against inhaled pathogens and particulate matter.***” This is compounded by smoke-triggered oxidative stress, inflam-
matory cascades, and apoptotic signaling that collectively drive airway remodeling- a hallmark of COPD
pathophysiology.”® Parallel neurorespiratory effects emerge through smoke-mediated suppression of central respiratory
drive, manifesting as sleep-related ventilatory instability.”' While these findings position smoking as a shared etiological
nexus for OSA and COPD via peripheral and central mechanisms, precise molecular pathways warrant further
elucidation.

Age

Structural and functional degeneration of the respiratory system associated with aging, characterized by degradation of
pulmonary elastic matrices, dilation of alveolar ducts, and compromised chest wall mechanics, progressively reduces gas
exchange efficiency and ventilatory capacity.”> These senescent adaptations not only potentiate COPD symptom severity
but also interact synergistically with OSA pathophysiology in elderly populations. Older OSA patients exhibit heightened
susceptibility to sleep architecture fragmentation, nocturnal hypoxemia exacerbations, and cardiometabolic comorbid-
ities, attributable in part to age-dependent deterioration of neuromodulatory control over respiratory drive stability.”>”>

Crucially, cumulative environmental exposures (eg, smoking) after the fourth decade compound these vulnerabilities,
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amplifying risks of obstructive airway disease progression.’’ Epidemiological profiles confirm OVS predominance in
populations over 60, with incidence rates substantially exceeding those of younger cohorts.'"'®2” While advanced age
emerges as a cardinal determinant of OVS epidemiology, precise age-stratified risk stratification remains constrained by
insufficient mechanistic delineation of age-OSA-COPD interplay.

Impaired Immune Function

Immune dysregulation plays a pivotal role in the pathogenesis of chronic respiratory disorders. In COPD, aberrant lower
airway immune responses manifest as lymphoid follicle formation through coordinated infiltration of innate and adaptive
inflammatory cells.”* Tobacco exposure, including conventional and electronic cigarettes, suppresses respiratory tract
immunity by downregulating critical immune-related gene networks while concurrently activating pro-inflammatory
cascades in pulmonary structural cells.”” OSA further compounds this immune perturbation through sleep-disordered
breathing-induced airway immunocompromise and amplified allergic inflammation across respiratory compartments.
This dual mechanism sustains a chronic inflammatory milieu via neutrophil, macrophage, and T-lymphocyte recruitment,
directly fueling disease progression and multi-organ comorbidity development in OVS.”®”” Clinically, OVS patients
exhibit exacerbated immune dysfunction characterized by CD8+ T-cell predominance, CD4+ depletion, and inverted
CD4+/CD8+ ratios compared to isolated OSA or COPD cohorts.* While these findings implicate synergistic immune
network disruption in OVS pathobiology, the exact molecular interplay between smoking-induced inflammation, sleep-
related hypoxia, and adaptive immune exhaustion remains mechanistically undefined, necessitating further investigation
through large-scale cohort studies.

Respiratory Arousal Threshold

The respiratory arousal threshold represents the ventilatory drive required to terminate apneic events during sleep,
serving as a key indicator of respiratory effort modulation. Polysomnographic studies demonstrate that patients with
OVS exhibiting moderate-to-severe airflow obstruction show significantly lower arousal thresholds than both
patients with isolated OSA and OVS patients with mild AFL.”® Consistent findings emerge from research on
functional respiratory parameters in OVS. Among 10 consecutively enrolled non-hypercapnic COPD patients, 6
demonstrated elevated loop gain, while 4 (65%) exhibited low arousal thresholds.”’ Furthermore, a negative
correlation exists between arousal thresholds and functional measures of pulmonary air trapping and static hyperin-
flation, suggesting pulmonary hyperinflation may mechanistically reduce arousal thresholds.”®** This phenomenon
likely stems from COPD-related thoracic biomechanical alterations where pulmonary hyperinflation distorts the
thoracic cage, heightening mechanosensory perception of respiratory effort and consequently lowering arousal
thresholds. Simultaneously, it amplifies chemoreflex sensitivity, destabilizing respiratory control. Patients with low
arousal thresholds typically experience premature termination of respiratory events, triggering recurrent cortical
arousals. This sleep fragmentation prevents sustained slow-wave sleep, further compromising respiratory pattern
stability and impeding chemoreflex-mediated restoration of pharyngeal patency during sleep.®’ These studies identify
a markedly reduced arousal threshold as a key determinant of OVS severity, prompting its recent proposal as a novel
clinical metric.®® Standardizing its measurement aims to establish it as a key supplementary component within the
OVS diagnostic and therapeutic framework, thereby providing new perspectives for stratifying disease severity and
guiding personalized treatment.

Respiratory Drive

Respiratory drive denotes the output intensity of the respiratory center, governing respiratory muscle effort.** Brainstem
interneurons regulate this drive by integrating continuous inputs from chemical, mechanical, behavioral, and emotional
stimuli. The respiratory center processes these signals, with the amplitude of its neural output dictating the mechanical
strength of respiratory muscles, reflected in tidal volume.®*

In pathological conditions including OSA, COPD, and hypoventilation syndromes, hypoxia severity correlates with
episode duration and frequency. This hypoxic stimulus activates redox-sensitive neurons within brainstem nuclei,
triggering diverse physiological responses.® During non-rapid eye movement sleep, loss of arousal-dependent descend-
ing influence establishes a hypocapnic apneic threshold. This threshold is linked to periodic breathing under conditions of
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high chemoreflex loop gain. Furthermore, loss of descending arousal influence reduces motor compensatory capacity,
thereby increasing upper airway resistance. These impairments in arousal response and associated upper airway
dysfunction markedly exacerbate apnea and hypopnea events in patients with kyphosis or thoracic neuromuscular
disorders.®®

Abnormal central respiratory control amplifies vulnerability to nocturnal respiratory events. COPD patients exhibit
worsened nocturnal gas exchange, particularly during rapid eye movement sleep. When compounded by OSA, this
impairment progresses to ventilatory failure and acute or chronic respiratory compromise.®” Collectively, these findings
underscore that respiratory drive dysfunction is a central mediator of ventilatory instability in OVS patients.

Anatomical Factors

Airway Tissue

The airway functions as the primary conduit for airflow. Anatomical narrowing or obstruction from mucus accumulation
or mucosal edema impedes airflow, causing hypopnea or apnea.*®® OSA patients experience recurrent pharyngeal

collapse during sleep,”"!

while COPD primarily involves lower airway pathology where AFL and bronchoconstriction
disrupt sleep.”” When coexisting as OVS, these distinct anatomical pathologies interact synergistically,”® significantly
increasing total airway resistance and exacerbating clinical symptoms. Upper and lower airway pathologies demonstrate
interdependence. Upper airway inflammation may propagate inferiorly, inducing bronchial mucosal irritation and acute
bronchospasm that elevates lower airway resistance.”* °® Concurrently, inhaled irritants like cigarette smoke damage

lower airway epithelium, impairing ciliary function,””*®

reducing mucociliary clearance, and provoking hyperplasia and
hypertrophy of mucus-secreting structures.””'® This causes pathological mucus hypersecretion and physical
obstruction.'®""'°? Crucially, upper airway pathology triggers distal functional derangements while preexisting lower
airway structural damage establishes persistent occlusion substrates, collectively amplifying dysfunction. Lung volume
changes exert distinct anatomical effects. In OSA, increased volume during NREM sleep generates caudal tracheal
traction, stabilizing the upper airway through reduced pharyngeal compliance.'” In COPD, hyperinflation enhances
parenchymal elastic recoil, increasing radial peripharyngeal traction that similarly resists collapse. Though mediated
through different biomechanical pathways tracheal traction versus parenchymal recoil mediated tension both mechanisms
secondarily improve upper airway stability during sleep.'® In summary, OVS involves airway caliber alterations from
pharynx to bronchioles due to intrinsic factors edema, inflammation or extrinsic factors mucus, lung volume changes.

These collectively obstruct airflow and compromise ventilation.

Muscle Tissues

Maintaining airway patency requires integrated neuromuscular coordination. In OVS, pathologically elevated upper
airway resistance demands compensatory recruitment of pharyngeal dilator muscles, with genioglossus activation being
physiologically essential.'® During normal inspiration, genioglossus contraction stabilizes collapsible airway segments
against negative intraluminal pressures. When resistance exceeds compensatory thresholds, dilator muscles fail to
overcome inspiratory forces. This deficit worsens with sleep-induced neuromuscular dysfunction including attenuated
genioglossus responsiveness, impaired compensation, and respiratory control instability, collectively increasing collapse
risk.”"'% Thoracic wall musculature such as intercostal and accessory muscles enhances airway stability through caudal
traction during elevated lung volume. This action increases longitudinal airway tension and wall stiffness, generating
ventral distending forces that maintain patency.'®” Respiratory pump muscles including the diaphragm sustain basal
ventilation. In COPD, persistent AFL overloads these muscles during sleep, causing progressive contractile dysfunction
and fatigue.*> When COPD coexists with OSA, their pathophysiological convergence accelerates nocturnal hypoventila-
tion via interdependent mechanisms where respiratory muscle fatigue reduces tidal volumes, diminished central drive
impairs upper airway compensation, and hypercapnia blunts ventilatory responsiveness. These processes establish a self-
amplifying cycle of ventilatory failure and accelerated disease progression.®’
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Pathophysiology

The chronic inflammatory response in COPD is characterized by infiltration of alveolar macrophages, neutrophils, and
CD8" T lymphocytes, accompanied by release of inflammatory mediators that induce lung tissue injury and airway
remodeling, manifesting as airway wall fibrosis and luminal narrowing. Oxidative stress amplifies this inflammation and
persists after exposure cessation, triggering downstream effects including NF-kB activation, impaired antiprotease
defense, DNA damage, and corticosteroid resistance.'’® Additionally, activated inflammatory cells release excessive
proteases such as neutrophil elastase. When their activity overwhelms endogenous inhibitors like ol-antitrypsin,
protease-antiprotease imbalance occurs, leading to alveolar extracellular matrix degradation and emphysema
development.'®® Alveolar structural destruction further diminishes small airway traction, promoting expiratory collapse.
Systemic inflammation in COPD may also exacerbate extrapulmonary comorbidities such as cardiovascular disease.
Thus, COPD pathogenesis involves interconnected mechanisms of chronic inflammation, oxidative stress, and protease-
antiprotease imbalance.

Similarly, OSA, while originating from localized mechanical upper airway obstruction during sleep, exerts systemic
effects through complex pathophysiological cascades. Its core pathophysiology involves recurrent upper airway collapse
resulting from combined anatomical narrowing and impaired neuromuscular control. Wakefulness permits compensatory
pharyngeal muscle activation to maintain airway patency, but sleep-induced loss of muscle tone renders the airway
vulnerable to collapse under negative inspiratory pressure. Unstable respiratory control and abnormal arousal thresholds
perpetuate respiratory events, whose termination often involves micro-arousals causing sleep fragmentation and sub-
sequent daytime sleepiness, fatigue, and cognitive impairment.''*'"!

When COPD and OSA coexist as OVS, they create a clinically more severe condition. COPD remodels local and
systemic environments, increasing susceptibility to and severity of OSA, while OSA amplifies COPD-related oxidative
stress and inflammation through intermittent hypoxia. This synergistic interaction worsens ventilation and gas exchange,
leading to progressive hypoxia that further triggers systemic inflammation, oxidative stress, and sympathetic activation,
collectively driving heterogeneous clinical manifestations in OVS patients.

Inflammatory Response

Inflammation significantly contributes to the pathophysiology of OVS. Chronic intermittent hypoxia in OSA patients
initiates pathological changes by altering allergen-induced lower airway inflammation and disrupting protease-
antiprotease balance, driving lung remodeling characterized by proximal airway fibrosis and peripheral emphysema-

like tissue destruction. This structural compromise ultimately causes expiratory flow limitation''?

and further compounds
pulmonary damage; the resulting cytokine-mediated inflammatory cascade, combined with traction lung injury, accel-
erates COPD progression.'"? Studies confirm that OVS patients demonstrate elevated pro-inflammatory cytokines
(CCL11, CD40 ligand) with concurrent reduction in anti-inflammatory cytokines (IL-10)."''* Furthermore, significantly
increased levels of inflammatory mediators—including TNF-a, IL-8, IL-6, and granulocyte colony-stimulating factor
(G-CSF)—are observed in both serum and bronchoalveolar lavage fluid, alongside elevated neutrophil
proportions.?#*33!15 This chronic inflammatory state appears predominantly mediated by the NF-kB signaling pathway,
which activates pivotal inflammatory factors during hypoxic conditions.''® Systemic inflammation biomarkers in OVS
extend beyond cytokines. C-reactive protein (CRP) demonstrates conflicting patterns across studies. While individuals
with OVS and COPD exhibit elevated high-sensitivity CRP (hs-CRP) relative to controls and OSA-only patients,*” other
research reveals no significant CRP differences among OSA patients irrespective of COPD comorbidity.''”-!'®
Consequently, these conflicting findings necessitate further studies to clarify CRP’s role in OVS pathogenesis. In contrast
to CRP, the anti-inflammatory biomarker soluble receptor for advanced glycosylation end products (SRAGE) shows
clinical promise. After adjustment for age, gender, and smoking status, plasma sRAGE levels showed no significant
differences between OVS, OSA-only, and COPD-only groups.''® However, following continuous positive airway
pressure treatment, SRAGE levels increased significantly in both OSA and OVS patients. This therapeutic response
suggests SRAGE’s potential as an inflammatory marker for OVS.""? Collectively, inflammatory cytokines drive OVS

pathogenesis through interconnected pathways.

4040  hues International Journal of Chronic Obstructive Pulmonary Disease 2025:20



Wei et al

Oxidative Stress

Beyond inflammation, oxidative stress significantly contributes to OVS pathophysiology. This process originates from an
imbalance between reactive oxygen species (ROS) production and antioxidant defenses. ROS generation occurs in
inflammatory cells (neutrophils, macrophages) and damaged airway epithelial cells activated by hypoxia, inflammation,
and metabolic stimuli. Intermittent hypoxia-reoxygenation cycles during apneic events amplify oxidative stress in airway
epithelium and pulmonary vascular endothelium. Clinical evidence demonstrates elevated oxidative stress markers in
OVS. Patients with combined COPD and OSA exhibit higher exhaled carbon monoxide levels—a recognized oxidative
stress biomarker—compared to non-smoking OSA patients.'?® Moreover, studies report increased lipid peroxidation and
reduced paraoxonase activity in both OSA patients and non-apneic COPD patients with nocturnal desaturation.'?!
Collectively, these findings associate hypoxia, irrespective of its temporal pattern, with oxidative stress exacerbation
in OVS.

Autonomic Nervous System

Complementing these mechanisms, autonomic nervous system (ANS) dysregulation significantly contributes to OVS
pathophysiology. Recurrent hypoxia, hypercapnia, and apnea during sleep activate chemoreceptors, triggering compen-
satory hyperventilation that paradoxically exacerbates tissue oxygen fluctuations.'*? This response directly heightens
sympathetic tone.'*® Heart rate variability analyses reveal distinct ANS alterations in OVS. Compared to isolated COPD
or OSA patients, OVS subjects exhibit significantly reduced high-frequency (HF) power (indicating impaired parasym-
pathetic activity) and elevated low-frequency (LF) power (reflecting sympathetic dominance).'?*'?> A direct correlation
between the elevated LF/HF ratio and increased residual volume further suggests lung hyperinflation potentiates
sympathetic drive.'?* This systemic sympathetic overactivity is corroborated by cross-sectional studies showing greater
sympathetic activation during respiratory sinus arrhythmia in COPD-OSA overlap patients than in COPD-alone
groups.'?® Furthermore, as a neural component of this dysregulation, muscle sympathetic nerve activity is markedly
increased in OVS, serving as a compensatory mechanism to maintain blood pressure through elevated systemic vascular
resistance.'?”'** Collectively, ANS dysfunction critically influences OVS progression, exacerbating functional impair-
ment and adverse cardiometabolic outcomes.'*’

Thus, inflammatory cascades, oxidative stress, and ANS dysfunction collectively represent shared pathogenic
mechanisms in both COPD and OSA."** These pathways interweave and mutually amplify, forming a self-
perpetuating cycle that drives progressive multi-organ dysfunction. However, the traditional theoretical framework
centered on inflammation, oxidative stress, and autonomic regulation has proven insufficient to fully explain the complex
clinical manifestations of OVS. Research perspectives are gradually shifting toward exploring novel mechanisms
underlying the diverse clinical symptoms in affected patients. Endothelial dysfunction serves as a critical bridge
connecting pulmonary pathology with cardiovascular comorbidities, driving pathological vascular remodeling.'*!
Simultaneously, the “gut-lung axis” hypothesis reveals how gut microbiota dysbiosis drives systemic inflammation
from a microorganism-host interaction perspective, providing a new dimension for understanding multi-organ
damagez.’' These interconnected mechanisms constitute a more profound pathophysiological network. Although most
mechanisms remain under investigation, they provide crucial insights for systematically interpreting disease complexity,
poor prognosis, and treatment resistance, while also pointing toward future directions for developing targeted therapeutic
strategies.

Clinical Outcomes
Hypoxemia and Hypercapnia in OVS Pathophysiology

Ventilatory limitation, driven by both anatomical and non-anatomical factors, leads to impaired gas exchange and
hypoxia, primarily manifesting as hypoxemia and hypercapnia. These abnormalities represent one of the most significant
sleep-related disturbances in OVS. Under physiological conditions, a mild decrease in the arterial oxygen partial pressure
(Pa0O,) predominantly stimulates peripheral chemoreceptors such as the carotid bodies, whereas an elevation in the
arterial carbon dioxide partial pressure (PaCO,) primarily activates central chemoreceptors located in the medulla.
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Together, they synergistically increase respiratory drive to maintain blood gas homeostasis. However, this compensatory
mechanism is frequently disrupted in chronic respiratory diseases.

In COPD, the initial dominant mechanism is ventilation/perfusion (V/Q) mismatch, characterized by small airway
disease creating low V/Q regions and emphysema forming high V/Q areas. As alveolar destruction progresses, diffusion
impairment becomes increasingly significant. In advanced disease stages, respiratory muscle fatigue and blunted central
drive result in alveolar hypoventilation, collectively resulting in persistent and progressive hypoxemia and
hypercapnia.'**'* In contrast, OSA is characterized by an intermittent pattern of hypoxemia driven by the repeated
collapse of the upper airway during sleep. This collapse causes apnea or hypopnea, leading to a cessation of alveolar
ventilation and an absolute shunt effect, which precipitates a rapid decline in blood oxygen levels. This continues until
arousal triggered by hypoxia or hypercapnia restores upper airway patency, allowing transient recovery of ventilation and
oxygenation. The recurring “obstruction-hypoxia-arousal-recovery” cycle throughout the night produces a characteristic
sawtooth pattern in oxygen saturation, accompanied by transient hypercapnia during apneic episodes.’

When COPD and OSA coexist, forming OVS, the resulting pathophysiology is not a simple summation of the two
disorders but involves a synergistic amplification. The pre-existing compromise in gas exchange capacity in COPD
patients limits their ability to compensate for the recurrent nocturnal episodes of acute hypoxia and hypercapnia
characteristic of OSA. A “dual inhibition of ventilatory drive” arises from the combination of OSA-related central

chemosensitivity depression'**

and the inherently blunted ventilatory drive in advanced COPD. Simultaneously, the
sleep-related reduction in FRC in the supine position and during REM sleep further compromises gas exchange on the
background of emphysema.'*® Together, these factors create a vicious cycle, transforming the nocturnal hypoxemia in
OVS from the intermittent pattern seen in pure OSA into a more severe and sustained pattern, evidenced by prolonged
periods of SpO, below 90% and delayed recovery.'>>'*® Hypercapnia (PaCO, >45 mmHg) also becomes more
pronounced and refractory.'**'*? These persistently deranged blood gas levels are consequently associated with multi-

system clinical comorbidities (Figure 2).

Cardiovascular Disease

Pulmonary Hypertension

PH is a primary clinical outcome in patients with OVS. These patients consistently exhibit PH manifestations both at rest
141142 3 This elevated

respiratory event index reflects underlying ventilatory dysfunction including ventilation-perfusion (V/Q) mismatch and
18,46

and during physical exertion, while also demonstrating an elevated respiratory event index.

reduced diffusing capacity, indicating severely compromised respiratory mechanics. Regarding PH pathogenesis in
OVS, sustained hypoxia likely plays a central role through multiple pathways. More specifically, it may induce prolonged
pulmonary arteriolar vasoconstriction or alter ion channel activity in pulmonary vascular smooth muscle cells.
Additionally, persistent hypoxia can trigger hypertrophy and proliferation of vascular smooth muscle cells and
fibroblasts. These pathological changes culminate in structural remodeling characterized by wall thickening and luminal
narrowing, consequently elevating vascular pressure.'** However, further experimental studies are needed to elucidate
the underlying mechanisms.

Cardiac Failure

Heart failure represents another major clinical outcome in patients with OVS.'*> Compared to patients with COPD or
OSA alone, OVS patients demonstrate greater impairment in left ventricular diastolic function and higher risks of
developing congestive heart failure and coronary artery disease.'*® This correlation is further supported by Prakash
Banjade et al.'*” Persistent hypoxemia drives right ventricular remodeling,'*® significantly elevating the risk of right
heart failure.'*® Collectively, these mechanisms establish that OVS patients face dual risks of both left-sided and right-
sided cardiac failure. Critically, OVS-associated cardiac impairment directly exacerbates sleep-related ventilatory
dysfunction. These patients exhibit significantly increased risk of airway narrowing during supine sleep,’* which further
compromises ventilation and aggravates hypoxia—establishing a self-perpetuating cycle of cardiopulmonary deteriora-
tion. Such evidence underscores the pathological complexity of heart failure in OVS, though further investigation is
required to elucidate specific risk factors.
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Figure 2 Patients with overlap syndrome present with a spectrum of distinct clinical outcomes.

Atherosclerosis
Atherosclerosis demonstrates significantly elevated prevalence in patients with OVS."?! This condition manifests through

increased pulse wave velocity and brachial-ankle pulse wave velocity values,'*!'®

with higher measurements directly
indicating greater arterial stiffness and more severe vascular damage.'” Beyond these vascular abnormalities, clinical
focus extends to post-revascularization outcomes. Studies establish that OVS patients experience poorer clinical prog-
nosis and reduced quality of life following percutaneous coronary intervention.'>® Similarly, OVS patients undergoing
coronary artery bypass grafting show significantly higher rates of non-routine discharge, acute kidney injury, and
respiratory failure requiring prolonged mechanical ventilation.'”' These adverse outcomes may involve OVS-specific
oxidative stress mechanisms, such as elevated serum lipid peroxidation and decreased paraoxonase activity,'?' which
may exacerbate vascular injury and impair tissue recovery. Nevertheless, the precise pathogenic pathways linking these

biochemical alterations to clinical manifestations require further investigation.

Cardiac Arrhythmia

Cardiac arrhythmia refers to irregularities in heart rate or rhythm stemming from conduction system abnormalities. In
clinical studies, this condition affects 18.5% of patients with OSA, with the risk of tachyarrhythmia rising significantly
when OSA coexists with COPD. Notably, COPD itself and bronchodilator use constitute independent risk factors for
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such rhythm disturbances in this population.'>* This aligns with evidence showing that arrhythmia prevalence rises with
worsening AFL severity in COPD patients.”* Atrial fibrillation is notably prevalent in OSA patients, with risk escalating
upon COPD comorbidity.'** In particular, patients with OSA exhibit AF incidence rates of 21%-24%,'>*'> substantially
exceeding rates in isolated COPD (10%) and OSA (6%) groups. Those with OVS and AF typically present with
advanced age, elevated prevalence of hypertension, cardiac disease, diabetes mellitus, increased hospitalization fre-
quency, and higher mortality. Concurrent deterioration in sleep parameters is observed, including significant prolongation
of AHI, arousal index, and percentage of sleep time with oxygen saturation below 90%.'>> Hypoxemia burden and
comorbidity severity are established as core drivers of AF development in this population,'>® potentially mediated by
sympathetic overactivation triggered by hypoxia.'*® Furthermore, recent studies demonstrate that patients with OVS face
a significantly increased risk of new-onset atrial fibrillation, defined as the first ECG- or rhythm-monitoring-confirmed
episode irrespective of duration or symptoms. Analysis of a rigorously matched cohort showed OVS patients had
a higher lifetime new-onset atrial fibrillation incidence compared to those with OSA or COPD alone. This elevated
risk persisted throughout the first five years post-diagnosis. These findings underscore the need for enhanced rhythm
monitoring and targeted interventions in OVS management to mitigate arrhythmia risk.'>®

Myocardial Injury

Ventricular wall stress serves as a fundamental hemodynamic parameter modulating myocardial oxygen demand and
ventricular afterload. This mechanical stress initiates compensatory hypertrophy through physiological feedback mechan-
isms to preserve cardiac homeostasis.'>” When such adaptive responses become maladaptive, myocardial injury occurs.
This pathological process is biochemically evidenced by elevated levels of specific biomarkers including N-terminal pro-
B-type natriuretic peptide, which reflects ventricular wall stress, and high-sensitivity cardiac troponin, indicating
cardiomyocyte damage. In patients with OVS, significantly increased high-sensitivity cardiac troponin concentrations
(14.2 pg/mL vs 6.5 pg/mL in isolated OSA patients, p < 0.001) and NT- N-terminal pro-B-type natriuretic peptide levels
(93.1 pg/mL vs 19.2 pg/mL, p < 0.001) demonstrate subclinical cardiac impairment.'>® The persistence of elevated
biomarker levels signifies ongoing myocardial injury, thereby increasing CVD risk. Consequently, integrating cardiac
biomarker assessment with evaluation of ventricular wall stress provides essential insights into early cardiac remodeling
processes in OVS patients.

Aortic Aneurysm

Aortic aneurysm, characterized by localized or diffuse dilation of the aortic wall, may compress adjacent organs and
progressively expand over time. Complications such as rupture or dissection can lead to catastrophic outcomes. A cohort
study investigating the association between OVS and aortic aneurysm risk employed a 1:4 propensity score matching
strategy based on key baseline characteristics. After several years of follow-up in 31274 patients with OSA, the analysis
revealed no significant difference in cumulative aortic aneurysm risk between the matched cohorts with and without
OSA. Multivariable risk assessment confirmed that OSA itself was not an independent risk factor. Instead, significant risk
factors identified within the OSA population included male sex, advanced age, diabetes mellitus, COPD, and coronary
artery disease. Notably, the subgroup of OSA patients with comorbid COPD exhibited a significantly higher aneurysm
risk compared to matched non-OSA controls.'>® These findings position aortic aneurysm as an independent cardiovas-
cular risk specifically in the OVS population, warranting vigilant monitoring despite the overall null association with
OSA alone.

Hypertension

Based on current evidence, OVS demonstrates a significant association with hypertension. Studies consistently show
markedly elevated hypertension prevalence in OVS patients compared to those with either COPD or OSA alone.
A clinical investigation comprising 968 subjects revealed substantially higher hypertension rates in the OVS group
relative to COPD-only patients. Furthermore, hypertension prevalence exhibited a positive correlation with OSA severity
among COPD patients, with OSA confirmed as an independent risk factor for hypertension.”> These observations are
reinforced by a meta-analysis of 17 studies, which confirmed significantly increased hypertension risks in OVS patients
versus COPD-only (OR 1.94, 95% CI 1.49-2.52) and OSA-only groups (OR 2.05, 95% CI 1.57-2.68). Collectively,
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these findings substantiate the consistent relationship between OVS and heightened hypertension risk, underscoring the
importance of intensified blood pressure monitoring and management strategies in this patient population to mitigate
cardiovascular complications.'®

Accumulating evidence from literature reviews indicates that patients with OVS frequently experience cardiovascular
comorbidities including heart failure, arrhythmias, and PH. Nevertheless, despite extensive investigation of cardiovas-
cular manifestations in this population, significant knowledge gaps persist regarding specific cardiovascular entities such
as aortic aneurysm pathogenesis, clinical outcomes following coronary revascularization, patterns of subclinical myo-
cardial injury, and ventricular wall stress dynamics. The current scarcity of dedicated studies examining these cardio-
vascular aspects in OVS underscores the imperative for rigorously designed research to elucidate their

pathophysiological relationships with this complex syndrome.

Respiratory System

COPD manifests as two distinct airway remodeling phenotypes: intrathoracic tracheal stenosis and tracheal dilatation.'®!
The interplay between these COPD phenotypes and OSA yields divergent clinical outcomes. Chronic bronchitis drives
persistent inflammation-mediated pathological changes—including tissue congestion, edema, mucus hypersecretion, and
adipose deposition—that collectively exacerbate airway obstruction. This AFL intensifies nocturnal respiratory compro-
mise, explaining why chronic bronchitis patients with peripheral edema and elevated BMI exhibit heightened OSA
susceptibility.'®® In contrast, the emphysema phenotype demonstrates relative protection against OSA progression. Lung
hyperinflation characteristic of emphysema, frequently associated with lower BMI, enhances upper airway stability
through critical closing pressure reduction during sleep.'®*'®* This protective mechanism operates via increased tracheal
traction forces that mitigate pharyngeal collapsibility. These phenotype-specific relationships highlight the imperative for
stratified analyses to decode pathophysiological interactions within OVS.

Bronchiectasis

Bronchiectasis, a chronic inflammatory disorder characterized by purulent inflammation, fibrosis, and destruction of
bronchial walls and surrounding lung parenchyma, results in irreversible bronchial dilation and distortion. Crucially,
patients with COPD-OSA OVS demonstrated a significantly higher prevalence of bronchiectasis (42.86%, 30/70)
compared to COPD patients without OSA (18.52%, 10/54) identified by PSG. Moreover, this COPD-OSA group
exhibited a more severe disease profile, including significantly elevated AHI, increased time with nocturnal oxygen
saturation below 90%, higher CRP levels, and lower CD4/CDS8 ratios. Focusing specifically on the COPD-OSA
patients with bronchiectasis, correlation analysis revealed significant associations between the severity of their bronch-
iectasis (Bhalla score), its anatomical extent (Smith score), CD8 T-cell counts, and CD4/CD8 ratios. These immunolo-
gical associations suggest that CD8" T-cells and CD4/CDS8 imbalance likely contribute to the pathophysiology driving
bronchiectasis development and progression within the OVS. Collectively, these findings indicate that OVS patients who
develop bronchiectasis experience more severe respiratory compromise, nocturnal oxygen desaturation, systemic inflam-
mation, and immune imbalance compared to those without OSA.%’

Pulmonary Embolism

Pulmonary embolism, characterized by thrombotic obstruction of pulmonary arteries causing perfusion deficits, exhibits
elevated incidence in OVS. Epidemiological data identify male sex and age >58 years as independent risk factors for PE
in this population.'® Notably, inhaled glucocorticoid therapy (utilized by 83.7% of OVS patients versus 69.4% of
COPD-only patients in clinical cohorts) constitutes an additional modifiable risk factor,'®® consistent with established
mechanisms of glucocorticoid-induced hypercoagulability.'®” This confluence of demographic and iatrogenic risk factors
underscores the necessity for heightened clinical vigilance regarding PE in OVS patients. Prospective studies are required
to validate these associations and optimize risk stratification protocols.

Lung Transplantation
Lung transplantation serves as a definitive intervention for end-stage respiratory diseases including COPD, idiopathic
pulmonary fibrosis, and cystic fibrosis. A cross-sectional PSG analysis of 77 clinically stable transplant recipients
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demonstrated a substantial prevalence of OSA, affecting 61% of patients transplanted for COPD and 52% for idiopathic
pulmonary fibrosis. Crucially, pre-transplant COPD emerged as an independent predictor of post-transplant OSA
development (adjusted OR 3.21, 95% CI 1.78-5.92).'® These findings establish a significant association between pre-
transplant pulmonary pathology and post-transplant OSA. Future research must prioritize elucidating the bidirectional
pathophysiological interplay between OSA and pre-transplant COPD in lung transplant recipients, particularly its impact
on graft survival, acute rejection incidence, and long-term patient mortality.

Neurological/Psychiatric Disorders

Cerebrovascular Disease

Patients with OVS exhibit a significantly elevated risk of vascular events, including ischemic stroke. Carotid athero-
sclerotic plaque represents an established biomarker for stroke risk stratification in this population.'® Notably, 79% of
OVS patients develop atherosclerotic plaques within the left carotid artery, demonstrating significantly higher mean
plaque volumes compared to COPD patients without OSA. Multivariate analysis identifies age, current smoking status,
and the AHI as independent predictors of left carotid atherosclerosis in COPD patients. In contrast, neither plaque
prevalence nor volume differs significantly in the right carotid artery between groups. This anatomical asymmetry
underscores the specific clinical relevance of left carotid plaque assessment as a marker for stroke risk in OVS

patients.'”°

Mechanistically, severe stenosis or occlusion of the common carotid artery likely compromises cerebral
perfusion, potentially triggering cerebrovascular events such as stroke. Collectively, these findings establish OVS as
a significant cerebrovascular risk entity, necessitating heightened clinical vigilance through routine carotid monitoring

and targeted research into plaque weakness mechanisms.

Cognitive Disorder

Hypoxemia and hypercapnia directly impair the central nervous system in patients with OVS, leading to widespread
cognitive deficits encompassing attention, memory, executive function, and language abilities.'”'"'"* Cross-sectional
studies confirm the prevalence of this impairment, demonstrating that mild cognitive impairment (MCI) occurs in 40.6%
to 78% of OVS patients. Furthermore, Luels et al specifically noted significant slowing in processing speed, a key aspect
of executive function, within this patient population.'”® Critically, patients with OVS face a higher risk of dementia
compared to those with COPD alone. Evidence supporting this risk difference comes from subgroup analysis. Among
COPD patients, those with moderate-to-severe OSA (AHI >30 events/hour) exhibit significantly lower Mini-Mental State
Examination (MMSE) scores than those with no or mild OSA (AHI <15 events/hour).'”® This clearly demonstrates an
inverse correlation between OSA severity (measured by AHI) and the degree of cognitive decline (measured by MMSE
score), further reinforcing OSA as a key factor exacerbating cognitive impairment and dementia risk in OVS.

Multiple studies suggest this association may relate to the hypoxic state in OVS. For instance, neuropsychological
testing indicates that patients with OSA exhibit cognitive deficits similar to those with COPD on tasks sensitive to
hypoxia and sleep disruption.'”* OSA severity, measured by the ODI, is an independent risk factor for MCI in COPD,
particularly during REM sleep. The time spent with oxygen saturation below 90% (T<90%) may serve as an indicator of
hypoxia-related cognitive impairment.'’”'”® These studies collectively highlight the significant role of hypoxia in OVS.
However, further studies are warranted to elucidate the specific impact of OSA on cognitive domains in COPD patients
with OVS and to determine the therapeutic implications.

Anxious Depression

Beyond cognitive deficits, patients with OVS demonstrate an elevated risk of anxiety, depression, or psychiatric
conditions. Reported prevalence rates reach 54% for depression and 77% for anxiety within the OVS population.
Independent risk factors for depression include chest pain, higher COPD Assessment Test scores, and the presence of
OVS itself.'” Comparative studies in Korean populations indicate that the prevalence of anxiety and depression is
approximately 2.5 times higher among individuals with COPD-OSA overlap compared to those with COPD alone.'””
A documented case report described recurrent mental and behavioral alterations over six months in a male patient with

no prior psychiatric history but concurrently diagnosed with COPD and OSA. Blood gas analysis suggested that the
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patient likely experienced hypoxemia and hypercapnia, potentially contributing to his acute manic episodes and other
clinical manifestations.'®’ Notably, some researchers propose that fatigue symptoms appear more prominent than
drowsiness, anxiety, or depression in OVS patients and the impairment persisted after 3 months of CPAP treatment.'®’
Given these complex and potentially distinct presentations, the characteristics and underlying mechanisms of anxiety and

depression in OVS remain incompletely understood and merit further investigation.

Metabolic Disease

Metabolic dysfunction is highly prevalent in OVS, with bidirectional pathophysiological interactions observed between
diabetes and respiratory impairment. While diabetes independently damages pulmonary structure and function,'®
coexisting COPD and OSA substantially elevates type 2 diabetes (T2D) risk in specific subpopulations.
A retrospective analysis of 1939 patients demonstrated significant age- and sex-stratified associations between OVS
and T2D risk. Specifically, OVS conferred an 8.45-fold increased T2D risk in patients aged <58 years (95% CI
1.46-65.90; P=0.018) and a 4.39-fold increase in female patients (95% CI 1.04-22.50; P=0.044). No significant
association was observed in males or patients aged >58 years.'®® Despite this risk stratification, conclusive evidence
demonstrating that OVS treatment reduces incident metabolic disorders or prevents diabetic complications remains
lacking."®* Furthermore, metabolic syndrome affects 38% of OVS patients, with abdominal obesity universally present in
the studied cohort, representing its most consistent manifestation.'®* Contributing metabolic factors include advanced
age, elevated BMI, increased bedtime systolic pressure, and recumbent angiotensin II levels, aligning with cross-
sectional epidemiological data.”’ Collectively, diabetes-induced pulmonary damage and OVS-driven T2D risk establish
a bidirectional pathophysiological link between metabolic and respiratory dysfunction, forming a self-perpetuating cycle
that requires targeted interventions.

Other Related Diseases

Beyond its established associations with cardiovascular, respiratory, and metabolic disorders, OVS demonstrates sig-
nificant links to additional systemic comorbidities. A comprehensive literature review confirms non-alcoholic fatty liver
disease (NAFLD), nocturia, and secondary erythrocytosis as clinically relevant manifestations.

NAFLD

The pathogenesis of NAFLD in patients with OSA and COPD is primarily mediated by the overactivation of inflam-
matory and oxidative pathways.'®>'®¢ Hepatic steatosis represents the hallmark manifestation, with a meta-analysis of
2120 OSA patients showing a prevalence of approximately 75%.'®” The risk of steatosis increases with coexisting
COPD, an AHI >5 events/hour, a BMI >26 kg/m?, and advanced age. This risk becomes particularly elevated when an
AHI >30 events/hour coincides with stage 1 COPD.'®” Elevated AHI values indicate a greater apnea-hypopnea burden,
and the coexistence of OSA and COPD exacerbates hypoventilation severity. This pathophysiological synergy worsens
hypoxemia and systemic inflammation, substantially amplifying the risk of steatosis through the potentiation of disease
severity. Consequently, clinical monitoring of lipid metabolism is recommended for these patients.

Nocturia

Nocturia is notably prevalent and clinically significant in OVS. A cross-sectional study of 2098 patients revealed that
63.5% of individuals with OVS exhibited nocturia, significantly higher than the 58.0% prevalence in OSA patients
(p<0.01).*” Nocturia incidence correlates with OSA severity, particularly among patients with comorbid COPD, diabetes,

188 and significantly compromises sleep quality.'®’ In OVS, nocturnal airway obstruction and oxygen

or hypertension,
desaturation may induce blood gas alterations (eg, hypercapnia or hypoxia), thereby modifying renal perfusion. This
process triggers vasoactive system activation, promoting renal vasoconstriction and subsequent increased urine

production.'”® However, the precise pathophysiological link between OVS and nocturia remains unclear.

Platelet Activation and Erythrocytosis
Emerging evidence indicates platelet activation in OSA and COPD patients, prompting our evaluation of mean platelet
volume (MPV) and platelet distribution width (PDW) in OVS patients. Analysis of 485 patients undergoing PSG and
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pulmonary function testing revealed significantly elevated MPV in OVS patients (10.7 £ 1.0 fL) versus both controls
(10.0 = 0.9 fL; P<0.001) and OSA patients (10.3 + 1.2 fL; P=0.002), demonstrating stepwise MPV elevation across
disease severity strata. Similarly, PDW was higher in OVS (13.8 + 2.3 fL; P=0.008) and OSA groups (13.6 = 1.9 fL;
P=0.007) compared to controls (12.9 + 2.0 fL).'”" Concurrently, chronic hypoxic stimulation in OVS drives compensa-
tory erythropoiesis, manifesting as higher erythrocytosis prevalence than COPD alone.'®® This risk is independently
predicted by nocturnal hypoxemia severity (percentage of sleep time with Sa0,<90%), with significantly increased
erythrocytosis in OSA patients with GOLD 1-2 COPD versus GOLD 3-4 patients (P<0.05)'"® - a discrepancy
potentially attributable to age, nutritional status, and long-term oxygen therapy effects on hematopoiesis in advanced
COPD. Critically, both hematological perturbations - platelet activation indicated by MPV/PDW elevation and hypoxia-
induced erythrocytosis - are mitigated by oxygen supplementation,'®* collectively demonstrating that respiratory dys-
function represents the primary driver of hematological abnormalities in OVS, warranting targeted oxygen therapy to
attenuate these complications.

Fatigue and Exercise Impairment
Fatigue represents a more prevalent symptom than anxiety or depression in OVS patients, with limited treatment efficacy
observed.'®! Notably, comorbid OSA and COPD correlate with significantly reduced mean oxygen saturation, increased
daytime hypoxemia, and impaired exercise tolerance. These patients demonstrate pronounced exercise limitations and
exercise-induced desaturation.'” Objective exercise capacity metrics reveal critical associations: The 6-minute walk
distance (6MWD) shows positive correlations with AHI, ODI, nocturnal SpO,, resting PaO,, and mean exercise SpO,.
Conversely, GBMWD exhibits negative correlations with duration of nocturnal SpO, <90%, mean nocturnal desaturation,
and arterial PaCO, (p<0.001)."”> This evidence collectively indicates that OSA-COPD comorbidity substantially reduces
physical capacity. Mechanistic studies further demonstrate that OVS patients exhibit elevated inflammatory markers
(including CRP and IL-6) and engage in significantly reduced daily physical activity—averaging 672 fewer steps than
COPD-only patients. Critically, every 1000-step reduction in daily activity associates with a 0.875 ng/mL increase in IL-
6 levels.'”® These findings implicate systemic inflammation as a key contributor to motor dysfunction in OVS, under-
scoring the necessity for comprehensive exercise capacity assessment and therapeutic management in this population.
Given the central role of exercise intolerance in OVS, interventions aimed at improving physical capacity are of
paramount importance. A prospective randomized controlled single-blind trial demonstrated that in OVS patients
adhering to positive airway pressure therapy, the addition of moderate-intensity aerobic exercise for 20 weeks led to
significant improvements in 6MWD, Barthel index, and modified Medical Research Council score compared to controls
(p < 0.05), alongside improvements in body composition and nocturnal oxygenation.'”” Complementing this long-term
exercise approach, another study found that even short-term CPAP therapy (two nights) could enhance walking capacity
in OVS patients, with incremental shuttle walk distance increasing significantly from 226.4 + 95.3 m to 288.6 + 94 m (p
< 0.05)."7 Collectively, these studies validate that combining positive airway pressure with structured physical activity-
whether as a sustained rehabilitation program or as a facilitator of initial improvement-constitutes an effective strategy
for mitigating motor dysfunction in OVS.

Enteric Microorganism

The bidirectional lung-gut axis plays a significant role in respiratory diseases, with evidence demonstrating that fecal
microbial transfer (FMT) attenuates inflammation, alveolar destruction, and lung function impairment in COPD.'®
Clinical studies and animal models indicate that smoking-induced COPD and pulmonary inflammation subsequently
drive gut dysbiosis. Interventions targeting microbial restoration — including probiotics, prebiotics, short-chain fatty acids
(SCFAs), and FMT — show therapeutic potential for COPD through gut microbiota modulation.'”® Parallel mechanisms
exist in OSA, where apnea/hypopnea-induced hypoxia correlates with specific alterations in gut microbiota composition
and function.”® This pathophysiological overlap suggests that probiotic administration, SCFA supplementation, and
FMT may constitute promising therapeutic approaches for OSA.?*' Collectively, current evidence indicates that pre-
biotics, probiotics, SCFAs, and FMT could ameliorate intestinal dysbiosis resulting from shared COPD-OSA pathogen-
esis. These interventions likely exert beneficial effects by enhancing intestinal barrier integrity and stimulating

4048 | hwes International Journal of Chronic Obstructive Pulmonary Disease 2025:20



Wei et al

production of immunomodulatory metabolites, thereby alleviating systemic pathophysiology. However, robust clinical
validation of these mechanisms remains limited.

Vitamin D Deficiency and Osteoporosis
Vitamin D, a fat-soluble vitamin essential for bone integrity, neuromuscular function, and immune regulation, demon-
strates anti-inflammatory and immunomodulatory properties.’*>2* Patients with OVS exhibit significantly lower serum
25-hydroxyvitamin D [25(OH)D] levels compared to those with OSA and non-apneic controls. Both the AHI and FEV;
independently predict 25(OH)D concentrations, with OVS patients displaying the most severe vitamin D deficiency at
higher AHI and lower FEV, values.?>> This metabolic disturbance impairs calcium homeostasis, directly compromising
bone mineralization and contributing to osteoporosis development—a pathological trajectory particularly relevant to
OVS patients. Animal models provide mechanistic insights into OV S-related bone loss. OVS-exposed rats exhibit greater
bone volume percentage than smoke-exposed controls but reduced trabecular and cortical thickness compared to
intermittent hypoxia groups. Concurrent elevations in IL-6 and TNF-o levels suggest that synergistic inflammatory
pathways in OVS may independently exacerbate bone microarchitectural damage.5

Clinically, correcting nocturnal hypoxia through CPAP therapy appears to ameliorate vitamin D deficiency in OVS.
A one-year clinical study demonstrated that CPAP treatment significantly increased serum vitamin D levels in OVS
patients from 21.34+8.4 ng/mL to 23.8+8.7 ng/mL (p=0.001), with adherent patients achieving higher levels (25.8+7.6 ng/
mL) than those with poor adherence (20.4+9.6 ng/mL, p=0.038).2°® While these preclinical and clinical findings highlight
potential inflammatory and therapeutic mechanisms, comprehensive models of bone disease pathophysiology in OVS
require further human studies that integrate the interplay between nutritional status (such as vitamin D levels), systemic
inflammation, and the effects of therapeutic interventions.

Postural Control

Postural control, defined as the ability to maintain functional stability during both static and dynamic tasks,?’’ is
frequently impaired in patients with COPD, contributing to their elevated fall risk.”*® Emerging evidence suggests
a bidirectional relationship between respiratory disorders and balance control, as impaired daytime postural stability may
exacerbate sleep disordered breathing while OSA itself can disrupt balance through multiple physiological pathways
including vestibular system, visual acuity and cognitive function.”**'” A clinical investigation examining this interac-
tion enrolled 70 patients with moderate-to-severe COPD, revealing that those with comorbid moderate-to-severe OSA
demonstrated significantly impaired postural stability on objective force platform assessment. These patients exhibited
increased postural sway with compensatory rapid adjustments and experienced more recurrent falls during follow-up.
Interestingly, these objective balance deficits were not reflected in standard clinical balance scales, physical activity
levels, or psychological assessments.”'' These findings establish moderate-to-severe OSA as an independent risk factor
for balance impairment and increased fall risk in COPD patients, while highlighting the dissociation between laboratory-
measured postural control and conventional clinical metrics. This underscores the necessity of incorporating objective
balance assessment and OSA management into the comprehensive care of OVS patients. Systematic screening and
treatment of sleep-disordered breathing may represent a crucial strategy for reducing fall risk and preserving functional
independence in this vulnerable population.

Erectile Dysfunction

Our review identifies a male predominance among patients with OVS. A study conducted in male OVS patients with
erectile dysfunction (ED) demonstrated that after six months of standardized respiratory therapy (continuous positive
airway pressure combined with bronchodilators), although overall erectile function scores showed significant improve-
ment, only one-quarter of patients met the clinical threshold for meaningful improvement (defined as an increase of >5
points in ED intensity scores). It is noteworthy that among those who achieved therapeutic benefit, one-third remained
dissatisfied with the degree of improvement. The extent of ED improvement was positively correlated with patient age
and the AHI, and negatively correlated with the duration of ED. These findings suggest that while respiratory therapy can
partially ameliorate erectile function in OVS patients, adjunctive targeted ED treatment is necessary to achieve

satisfactory outcomes for the majority of individuals.?'?
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Retinal Vascular Tortuosity

Retinal vascular tortuosity represents a compensatory structural adaptation to chronic hypoxic conditions. In
a comparative study evaluating retinal vascular morphology across patients with OVS, OSA alone, COPD alone, and
healthy controls (15 subjects per group, total n=60), OVS patients demonstrated the most pronounced degree of retinal
vascular tortuosity. The tortuosity severity exhibited a significant negative correlation with partial pressure of oxygen
(PO,) and oxygen saturation, while showing positive correlations with partial pressure of carbon dioxide (PCO,), AHI,
and ODI. This pathological alteration likely originates from the distinctive dual hypoxia mechanism characteristic of
OVS, where persistent hypoxia from COPD synergistically interacts with intermittent hypoxia induced by OSA,
compounded by concomitant systemic inflammatory responses and hemodynamic abnormalities collectively affecting
the microvascular system. These findings suggest that retinal vascular assessment could represent a potential non-

invasive biomarker for detecting systemic microvascular impairment in OVS patients.?"?

Discussion

Current epidemiological studies reveal significant variations in the reported prevalence of the OVS between COPD and
OSA, necessitating critical examination from multiple perspectives. Although OVS has been documented in general
populations, OSA patients, and COPD cohorts, with incidence rates reaching up to 58% even among asymptomatic OSA
patients, particularly in overweight or obese subgroups.’’” Yet, these substantial fluctuations across studies indicate
marked heterogeneity and instability in available evidence. These discrepancies primarily stem from inconsistent OVS
definitions, variations in sample inclusion criteria and sizes, and the fact that many studies were not primarily designed to
assess incidence, thereby introducing notable classification biases and methodological heterogeneity.

It should be emphasized that OVS should not be simply regarded as the coexistence of two diseases, but rather as
a unique clinical phenotype characterized by bidirectional pathological amplification. This essential distinction demands
more refined epidemiological frameworks. Currently, most studies lack standardized diagnostic criteria, often rely on
limited sample sizes vulnerable to selection bias, and fail to systematically incorporate essential assessments such as
pulmonary function testing. Given that some COPD patients may present with atypical symptoms while OSA patients
rarely undergo routine pulmonary function evaluation, these diagnostic limitations further constrain the accuracy of
prevalence estimates. Consequently, current understanding of OVS epidemiology is marked by significant “post-test
uncertainty”, highlighting the urgent need for large-scale, multicenter, prospective studies employing standardized
diagnostic protocols to address these limitations.

Beyond epidemiological challenges, the pathophysiological investigation of OVS confronts several critical questions.
The interplay of hypoxia-induced sympathetic activation, systemic inflammation, and oxidative stress collectively
underpins multi-organ damage, with these mechanisms likely acting synergistically to drive complications across various
organ systems. Clinically, OVS exhibits substantial multi-system involvement. It is not only strongly associated with
cardiovascular disorders, such as heart failure, arrhythmias, and PH, but also exerts effects on the respiratory system that
extend beyond the simple additive burden of COPD and OSA. These include an elevated risk of PE, accelerated
progression of bronchiectasis, and poorer outcomes following lung transplantation. Notably, current research on OVS
clinical outcomes is unevenly distributed across organ systems. Although cardiovascular complications have been
relatively well characterized, investigations into other systemic comorbidities remain limited. For example, the patho-
physiological basis of frequent clinical manifestations such as nocturia, secondary polycythemia, and ED remains
inadequately elucidated. Compounding this, a substantial knowledge gap exists regarding the management of these
manifestations. Such limitations in evidence directly impede a comprehensive assessment and effective management of
systemic risks in OVS patients.

From the perspective of evidence quality, current research predominantly relies on cross-sectional surveys and
retrospective cohort analyses, while prospective studies and randomized controlled trials remain clearly insufficient.
This methodological imbalance limits most findings to associative relationships, making it difficult to establish robust
causal inferences. Moreover, the depth and scope of mechanistic investigations are still inadequate. Critical scientific
questions concerning the interactions between COPD and OSA at molecular and cellular levels, such as the specificity of
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shared inflammatory pathways and epigenetic regulatory networks, have not yet been systematically addressed. In light
of these evidence gaps, future research should prioritize elucidating OVS-specific molecular mechanisms and validating
targeted therapies through innovative clinical trial designs. More specifically, efforts are needed to clarify the distinct
biological pathways responsible for different organ injuries. In parallel, interventions targeting key pathological pro-
cesses in OVS should be developed, and the synergistic potential of existing treatment strategies for multi-organ
protection ought to be further optimized.

Future Research Perspective

With advances in multi-omics technologies,”'* organoid models,'

and artificial intelligence analytical methods,*'* we

anticipate achieving more systematic understanding of OVS pathophysiology in the future. However, this will require
interdisciplinary collaboration and well-designed studies. By establishing multidimensional biomarker integration sys-
tems, conducting in-depth analyses of clinical phenotypes, and implementing biomarker-based clinical trial designs, we
can advance OVS management from symptomatic treatment to targeted therapy addressing underlying causes, ultimately
opening new avenues for precise prevention and control of this disease.

Limitation

While providing a comprehensive overview of current OVS research, we must acknowledge the methodological
limitations of this review. Our analysis primarily incorporated research literature from the past decade. Since methodo-
logical standards and diagnostic tools used in earlier studies differ substantially from contemporary approaches, many
historically valuable findings may not have been included in our analysis. Although this temporal limitation helps ensure
methodological comparability among included studies, it may inevitably omit some important early mechanistic
explorations and clinical observations, potentially affecting our complete understanding of the disease trajectory.

Strength

A key strength of this article lies in its comprehensive synthesis of both epidemiological and pathophysiological aspects
of OVS. Building on this foundation, the work provides a detailed characterization of cardiovascular and pulmonary
complications, while also giving due attention to less widely recognized extra-pulmonary manifestations. These include
not only classic examples such as cognitive impairment, NAFLD, and nocturia, but also less frequently discussed
sequelae like secondary polycythemia, osteoporosis, ED, and retinal vessel tortuosity. This broad scope underscores that
OVS not only confers significant intrinsic risk but also exerts multi-system adverse effects, thereby highlighting the
importance of a holistic approach to disease management.

Conclusion

In summary, epidemiological data reveal significant heterogeneity in the prevalence of OVS across different populations,
largely attributable to inconsistent diagnostic criteria and assessment methods. Clinically, OVS is associated with
systemic comorbidities that extend beyond the well-recognized cardiovascular manifestations, significantly impacting
patients’ quality of life and prognosis. However, research in this area remains limited. There is an urgent need to adopt
a systems biology perspective and establish a mechanism-oriented framework supported by multi-omics approaches. By
integrating existing evidence and identifying critical knowledge gaps, we may ultimately address these unresolved
clinical challenges.
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OSA, obstructive sleep apnea; COPD, chronic obstructive pulmonary disease; OVS, overlap syndrome; AFL, airflow
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