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Keywords

Abstract

English:
Asthma and sleep-related respiratory disorders represent common and well-characterized respiratory pathologies, yet ongoing 
debates persist regarding their association and potential bidirectional relationship. We performed a literature search encompassed 
PubMed and MEDLINE, exploring studies and publications on the overlap of sleep apnea and asthma, especially considering 
their common risk factor, obesity. Observational studies, including prospective and retrospective cohort studies, meta-analyses, 
and case reports, were analyzed. The available data indicate a bidirectional relationship between asthma and obstructive sleep 
apnea (OSA), with each condition influencing the other. Asthma is identified as a risk factor for OSA, exacerbating its severity, 
while OSA has been linked to the development and progression of asthma.
Results: Obesity plays a critical role as an independent risk factor connecting asthma to OSA, emphasizing the intricate interplay 
between these conditions. A body mass index (BMI) ≥ 25 kg/m2 is a central risk factor for OSA.
Conclusion: This research underscores the need for further exploration into the nuanced mechanisms linking obesity, obstructive 
sleep apnea, and asthma. Additionally, innovative interventions and treatment modalities tailored to address these interconnected 
health issues are imperative for personalized and targeted approaches in managing patients with obesity-related complications, 
ultimately improving overall health outcomes.

asthma • obstructive sleep apnea • obesity

Interconexiunea dintre obezitate și astm-obstructiv 
Suprapunerea apneei în somn: o revizuire cuprinzătoare

Romanian:
Astmul și tulburările respiratorii asociate somnului reprezintă patologii respiratorii comune și bine caracterizate, însă dezbateri 
continue persistă cu privire la asocierea și relația potențial bidirecțională dintre acestea. Am efectuat o căutare a literaturii în 
bazele de date PubMed și MEDLINE, examinând studii și publicații privind suprapunerea dintre apneea de somn și astm, având 
în vedere în special factorul lor comun de risc, obezitatea. Au fost analizate studii observaționale, inclusiv studii de cohortă 
prospectivă și retrospectivă, meta-analize și rapoarte de caz. Datele disponibile indică o relație bidirecțională între astm și 
apneea de somn obstructivă (ASO), fiecare afecțiune influențând celălaltă. Astmul este identificat ca un factor de risc pentru 
ASO, exacerbându-i severitatea, în timp ce ASO a fost asociată dezvoltării și progresiei astmului. Rezultate: Obezitatea joacă 
un rol critic ca factor de risc independent care leagă astmul de ASO, evidențiind complexitatea interacțiunii dintre aceste condiții. 
Un indice de masă corporală (IMC) ≥ 25 kg/m2 reprezintă un factor central de risc pentru ASO. Concluzie: Această cercetare 
subliniază necesitatea explorării continue a mecanismelor subtile care leagă obezitatea, apneea de somn obstructivă și astmul. 
În plus, intervențiile inovatoare și modalitățile de tratament adaptate pentru abordarea acestor probleme de sănătate interconec-
tate sunt imperative pentru abordări personalizate și direcționate în gestionarea pacienților cu complicații legate de obezitate, 
îmbunătățind în final rezultatele generale de sănătate. Cuvinte cheie: astm, apneea de somn obstructivă, obezitate.

Rezumat

Cuvinte-cheie
astm • obezitate • sindrom de apnee in som
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1. Introduction

Asthma and sleep-related respiratory disorders are two of 
the most commonly encountered and well-characterized 
respiratory pathologies. However, debates have not yet 
concluded regarding their association, mutual comorbidity, 
and potential bidirectional relationship. They are, moreover, 
considering that a significant common risk factor for both 
pathologies is obesity, which is in an inversely proportional 
relationship with them, capable of influencing their 
deterioration and improvement.
According to the International Classification of Sleep 
Disorders, the most common sleep disorder is obstructive 
sleep apnea (OSA), whose incidence is higher than 
previously believed. Patients with moderate-to-severe 
OSA account for approximately 20% of adult males and 
10% of postmenopausal women not only in Western 
countries but also in Eastern ones; this increase is due to 
the obesity epidemic. [1] There are around 2 billion adults 
currently living with overweight, of which 650 million are 
considered to be affected by obesity (BMI ≥30 kg/m²). 
That equates to 39% (39% of men and 40% of women) 
of adults aged 18 or over living with overweight and 13% 
living with obesity [2].
On the other hand, an increasing number of asthma cases 
have been diagnosed, with a prevalence of approximately 
300 million people worldwide. It represents a significant public 
health concern affecting individuals across all age brackets. 
The prevalence is rising in numerous developing nations, 
increasing treatment expenses. This places a growing burden 
on both individuals and society, straining healthcare systems 
and communities [3].
That being said, through this paper, we aim to review what is 
currently known about the connection between obesity, whose 
prevalence is continually rising, and one of the commonly 
encountered overlaps - sleep apnea syndrome (SAS) and 
asthma. We also want to debate the most suitable and 
advanced therapeutic options to help improve these impactful 
diseases.

2. Materials and Methods 

We conducted a literature search of PubMed and MEDLINE 
for studies and different publications for theoretical information 
to evaluate and debate the therapeutic opportunities on the 
overlap of sleep apnea and asthma. The terms used for 
searching were “asthma,” “sleep apnea,” “obesity,” “positive 
pressure ventilation,” and “pathophysiology.” Observational 
studies were included, including prospective and retrospective 
cohort studies, meta-analyses, and case reports.

3. Result

3.1 Diagnosis and epidemiologic associations
Population surveys and meta-analyses have extensively 
documented the reciprocal connection between asthma and 
obstructive sleep apnea (OSA) [4,5,6,7]. Individuals with 
asthma commonly report issues such as sleep fragmentation, 
nocturnal asthma symptoms, snoring, and daytime sleepiness 
[8,9]. Reports indicate a 2-3 times higher prevalence of OSA 
among asthma patients [8,10,11]. The European Sleep Apnea 
Database (ESADA) study on a large scale revealed that only 
5% of OSA patients had a concurrent diagnosis of asthma, 
suggesting potential underdiagnosis of asthma in OSA patients 
or inadequate screening for underlying asthma in those with 
OSA [12]. Notably, the prevalence of OSA in individuals with 
asthma may vary depending on the type of sleep studies 
employed for diagnosis. Polysomnography-diagnosed OSA 
is more common in patients with uncontrolled asthma, while 
OSA diagnosed through respiratory polygraphy (a sleep 
test without an electroencephalogram) is less prevalent in 
the same individuals [10]. The increasing use of respiratory 
polygraphy in diagnosis may contribute to underdiagnosing 
OSA in asthma by potentially missing respiratory events with 
arousal [13]. The lack of recognition of OSA in individuals with 
asthma further compounds underdiagnosis.
Available data indicate a bidirectional relationship between 
asthma and OSA, with each condition influencing the 
other. Asthma is identified as a risk factor for OSA and can 
exacerbate its severity [14]. Conversely, OSA has been 
linked to the development of asthma and its impact on the 
progression of the condition [10, 15]. 
Obesity serves as a critical risk factor connecting asthma to 
obstructive sleep apnea (OSA), being an independent risk 
factor for various health conditions [16]. Concerning sleep 
disorders, excess body weight is widely recognized as a 
significant and independent risk factor for obstructive sleep 
apnea (OSA) [17,18,19]. Among the numerous risk factors for 
OSA, a body mass index (BMI) ≥ 25 kg/m2 plays a central 
role. A prospective cohort study suggests that a 10% increase 
in weight could result in a 32% rise in the apnea-hypopnea 
index (AHI). A similar weight loss is associated with a 26% 
reduction in AHI [20,21]. BMI directly correlates with the 
severity of OSA syndrome [22]. What sets obesity apart from 
other OSA risk factors is its modifiability, making excess body 
weight the most clinically significant risk factor for OSA [23].
Furthermore, OSA itself can contribute to weight gain in obese 
patients through mechanisms associated with other OSA 
complications, including sleep fragmentation, sympathetic 
activation, and insulin resistance [17]. Additionally, obesity is 
linked to a higher risk of nocturia in OSA patients, a symptom 
that intensifies with the severity of OSA [24].
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Epidemiological and observational studies have consistently 
demonstrated that obesity plays a substantial role in the onset 
of asthma and its severity (25, 26). Nevertheless, individuals 
with asthma may face an increased risk of developing obesity. 
This is attributed to factors such as reduced physical activity 
and more frequent oral corticosteroid therapy, which is known 
to contribute to weight gain (27, 28). Moreover, the daytime 
fatigue resulting from insufficiently controlled asthma may 
lead to a sedentary lifestyle, further promoting obesity in 
individuals with asthma [29].
Obesity is linked to an increased occurrence of asthma, which 
may be dose-dependent, and a higher likelihood of severe 
asthma and asthma-related hospitalizations. Alterations in lung 
mechanics, heightened sensitivity of the airways, a prolonged 
inflammatory state, and elevated production of adipokines are 
thought to be the factors responsible for these effects  (30). A 
study by Larsson and Burgess, encompassing over 200,000 
individuals from Mendelian randomization studies and de 
novo analyses within the FinnGenn consortium, concluded 
that a higher BMI correlates with an elevated risk of various 
chronic diseases, including asthma [31]. Similar genetic 
patterns were observed in a study involving African-American 
patients with both obesity and asthma.[32] In a genetic linkage 
analysis of Costa Rican family members, PRKCA emerged 
as a pleiotropic genetic locus associated with a higher BMI 
and asthma. (33) Moreover, research within a Japanese 
cohort of 8,000 individuals found that being overweight or 
obese, along with an increased waist circumference, were 
significant risk factors for incidents of late-onset asthma, 
particularly in middle-aged women. This study emphasized 
the importance of considering regional and demographic 
factors in understanding the obesity-asthma relationship.
Research has also demonstrated that individuals with asthma 
face an elevated risk of developing obesity. This could be 
attributed to corticosteroid exposure from asthma treatment, 
atherogenic inflammation exacerbated by asthma-induced 
airway inflammation, or shared upstream factors influencing 
asthma and weight. In a cohort of 2,171 nonobese children 
from the Southern California Children’s Health Study, those 
with asthma exhibited a 51% higher risk of developing obesity 
over ten years compared to those without asthma [34]. Similarly, 
a study by Stratakis et al. in 2022, involving a US multicohort 
study of 8,713 children, revealed a 23% higher risk of 
developing obesity among those with asthma.  Noteworthy 
studies have also been conducted in adults. A European 
multicohort survey with over 500,000 subjects reported that 
adult-onset or late-onset asthma patients (comprising >85% 
of the cohort) had an increased likelihood of being overweight 
or obese. Another European study by Moitra et al. highlighted 
that among 7,500 participants, the risk of developing obesity 
was higher in those with asthma compared to those without. 

3.2 �Obesity is not the only risk factor related to this 
overlap

3.2.1 Rhinitis
The nose serves as the primary pathway for breathing during 
sleep, and nasal factors play a crucial role in determining the 
patency of the pharyngeal upper airway (UAW). The Starling 
resistor model of obstructive sleep apnea (OSA) characterizes 
the collapsible segment of the tube (pUAW) with an intralumi-
nal pressure (critical closing pressure) and surrounding tissue 
pressures (pharyngeal muscles, pharyngeal and submuco-
sal fat, mucosal edema, etc.). The tube is also influenced by 
upstream (nose) and downstream (trachea) segments, each 
with their respective pressures. UAW collapse can occur in 
various scenarios, such as when the upstream nasal pres-
sure drops below the critical closing pressure, leading to OSA 
symptoms like snoring and apnea [35].
Rhinitis and asthma commonly coexist. The prevalence of 
rhinitis (both allergic and nonallergic) in asthma can be as 
high as 80–90%, and rhinitis is identified as a risk factor for 
the development of asthma. Rhinitis induces inflammation in 
the nasal passages, causing nasal obstruction. In the general 
population, both allergic and nonallergic rhinitis are recognized 
as risk factors for a high Apnea-Hypopnea Index (AHI). While 
the degree of nasal obstruction during wakefulness may not 
directly correlate with OSA severity, peak nasal resistance 
tends to occur in the early morning (due to circadian effects), 
potentially contributing to the expression of OSA during that 
period. Chronic sinusitis and nasal polyposis are closely 
linked with both asthma and inflammation of the pUAW, 
leading to reduced patency. Consequently, upper- and lower-
airway inflammation in rhinitis and asthma can perpetuate 
each other, potentially fostering the development of OSA. 
Notably, a cross-sectional study of asthma patients revealed 
a significant independent association between diagnosed 
rhinitis and OSA risk, suggesting that rhinitis may be a risk 
factor for OSA in individuals with asthma [36].

3.2.2. GER (Gastroesophageal Reflux)
Epidemiological studies have revealed an independent 
association between GER and OSA, irrespective of other 
confounding factors. New or persistent nocturnal GER 
symptoms were linked to increased OSA symptoms and 
higher Epworth Sleepiness Scale scores, distinguishing them 
from those without nocturnal GER [37]. GER was found to 
be a predictive factor for chronic snoring and high OSA risk 
in an asthma patient cohort. Patients with poorly controlled 
asthma and obese individuals with asthma may experience 
GER due to factors like omental fat weight, loss of angulation 
of the gastroesophageal junction, and changes in the trans 
diaphragmatic pressure gradient. GER, in turn, can induce 
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spasms of the pUAW, edema, and neurogenic mucosal 
inflammation, potentially exacerbating OSA. This could create 
a vicious cycle, worsening asthma and perpetuating the 
interplay between the two conditions [36].

3.2.3 Gender 
The association between gender and the manifestation of 
obstructive sleep apnea (OSA) in individuals with asthma 
remains unclear. In the Wisconsin Sleep Cohort, male gender 
was linked to an increased occurrence of OSA in individuals 
with asthma, and menopausal status did not appear to influence 
the onset of OSA [29]. Conversely, females with fixed airway 
obstruction (postbronchodilator FEV1/FVC ≤ 0.7) have been 
identified as having a heightened risk of developing OSA. 
Additional investigations are required to comprehensively 
understand the impact of gender on the development of OSA 
in patients with asthma.

3.3 Advanced therapeutic approaches

3.3.1 The intersection of OSA and asthma
Building upon the preceding discourse, it is reasonable to 
anticipate that an effective therapy for OSA would positively 
influence subjective and objective asthma control and vice 
versa. Early investigations delved into the role of non-invasive 
ventilation (NIV) in cases of acute respiratory failure secondary 
to asthma, reporting enhancements in gas exchange and 
a decrease in mechanical ventilation rates [38]. However, 
the role of NIV in severe acute asthma remains a topic of 
controversy.[39] Another recent report suggests the potential 
utility of CPAP as a controlled oxygen delivery method for 
acute respiratory failure, including cases involving asthma, in 
prehospital settings [40].
Nasal CPAP stands as the primary treatment for OSA in adults. 
A predominantly mechanical impact of CPAP is a sustained 
augmentation in functional residual capacity (FRC), which 
can potentially reduce airway smooth muscle contractility.
[41,42] CPAP has demonstrated efficacy in lowering GERD 
and inflammation in OSA patients, potentially leading to a 
favorable impact on asthma control [43].
It is crucial to underscore that the examination of CPAP’s 
role in asthma is intricate due to various pathways, beyond 
recurrent upper airway collapse, that contribute to the overlap 
between OSA and asthma. These pathways include obesity, 
rhinitis with reduced nasal patency, and GER. Nevertheless, 
based on promising animal data,[44,45] a limited number of 
studies have explored the role of CPAP in different asthma 
and OSA phenotypes, yielding variable results. Selected 
prospective studies are outlined in Table 2, with additional 
recent reviews and publications.[46] Notably, CPAP may 
potentially increase bronchial hyper-responsiveness in 
non-asthmatics with OSA [47,48] and result in objective 

degradation of sleep architecture in asthmatics without OSA.
[49] Given these conflicting outcomes in diverse clinical 
populations, more extensive prospective studies focusing on 
well-defined asthma and OSA phenotypes are essential to 
elucidate the role and limitations of CPAP in individuals with 
these prevalent respiratory disorders.
The role of second-line treatments for OSA, such as 
mandibular advancement devices (MAD), ear, nose, and 
throat (ENT) interventions, and bariatric surgeries, has not 
been prospectively assessed for outcomes in populations 
with overlapping asthma. A substantial prospective 
series reported a high prevalence of asthma and OSA 
(approximately one-third each) in a morbidly obese bariatric 
referral population but without an overlap of the two disorders. 
This study also observed significant asthma improvement 
and almost complete OSA resolution two years after surgery 
[50]. Similarly, medications for controlling asthma (e.g., 
corticosteroids, leukotriene antagonists) and unconventional 
treatment options, including immunotherapy, biological drugs 
like monoclonal antibodies, tumor necrosis factor-a blockers, 
and oligonucleotides, as well as phosphodiesterase inhibitors, 
antimicrobials, and bronchial thermoplasty, have not been 
tested in populations with overlapping OSA and asthma.
Considering the current evidence base, constrained by small 
sample sizes and the heterogeneity of the clinical populations 
studied, drawing definitive conclusions or providing 
guidance for optimal management strategies in patients with 
overlapping OSA and asthma remains challenging. However, 
a meticulous evaluation of exacerbating co-morbidities, 
along with optimizing the treatment of both OSA and asthma, 
remains crucial in this population [51].

3.3.2 How Asthma Treatments Affect OSA
The use of inhaled corticosteroids (ICS) may pose an increased 
risk of obstructive sleep apnea (OSA), according to findings 
presented in Table 2 [52]. Previous studies in canine models 
have indicated that corticosteroids, while antagonizing smooth 
muscle bronchoconstriction in the trachea via the p38 MAPK 
pathway, paradoxically lead to adverse effects on pharyngeal 
muscles. This includes muscle fiber atrophy and redistribution 
of central neck fat, ultimately promoting OSA. A survey 
revealed a dose-dependent correlation between ICS use and 
the risk of developing OSA, regardless of asthma severity 
(odds ratio = 4.1). In a study involving high-dose fluticasone 
over four months for asthma treatment, tongue strength 
increased during wakefulness, and decreased endurance, 
as observed in OSA, was noted. The brief duration of this 
study suggests that individuals on lifelong ICS therapy may 
be susceptible to pharyngeal myopathy and fat redistribution, 
heightening their risk of OSA. Long-term use of ICS also 
influences the release of growth hormone, contributing to 
metabolic and cardiovascular complications that exacerbate 
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the effects of OSA in comorbid cases. These findings are 
significant in light of current GINA guidelines advocating using 
ICS as both a controller and reliever of asthma.
The particle size of ICS has implications for developing OSA 
in asthma patients. Inhaling extra-fine particles of ICS (smaller 
than 2 µm) was associated with a similar risk of developing 
OSA compared to controls not using ICS. In contrast, inhalers 
containing standard-sized particles increased the risk of OSA. 
Larger ICS particles tend to deposit preferentially in the upper 
airway and posterior pharynx, causing local adverse effects, 
whereas finer particles reach the terminal lung bronchioles. 
This distinction may influence the choice of ICS inhalers for 
asthma patients prone to OSA.
A prospective cohort study investigating continuous or “burst” 
dose oral corticosteroids in uncontrolled asthma found that 
95% of patients had concomitant OSA. This association 
is believed to be linked to the adverse effects of systemic 
corticosteroid use, including upper airway remodeling and 
exacerbated obesity [53]. 
On the contrary, intranasal corticosteroids have improved the 
severity of obstructive sleep apnea (OSA) among patients 
with allergic rhinosinusitis. These corticosteroids effectively 
reduce airflow resistance and enhance upper airway patency 
by addressing the inflammation in nasal passages. Santos 
and colleagues conducted a study to assess the impact of 
montelukast on sleep disturbances in individuals with perennial 
allergic rhinitis. This double-masked, placebo-controlled study 
revealed a significant enhancement in daytime fatigue and 
sleepiness among patients treated with montelukast [54]. 
These findings imply that treating rhinitis could offer positive 
effects for individuals with OSA.
As biological treatments designed to target T2 inflammation 
in asthma selectively have become available, there are 
emerging therapeutic targets that warrant further exploration 
[55]. In a recent case series involving five patients with severe 
asthma, chronic rhinosinusitis, nasal polyposis, and OSA, 
a notable reduction in OSA symptoms was observed in all 
patients following six months of therapy with dupilumab—an 
IL-4 and IL-13 antagonist [56]. Similarly, in another case, the 
apnea-hypopnea index (AHI) was halved after six months of 
asthma treatment with the anti-IgE antibody omalizumab [57].

3.3.3. But what about asthma and obesity?
Asthma associated with obesity tends to be less responsive 
to conventional asthma medications; managing patients 
with both obesity and asthma requires a comprehensive 
approach to addressing obesity and its consequences. In this 
context, we provide an overview of experiences documented 
in the literature related to dietary, behavioral, surgical, and 
pharmacologic interventions for obesity-associated asthma.
Concerning dietary factors, Western diets rich in ultra-
processed foods, high-sugar items, and non-plant-based 

meals have been implicated in poor asthma control and the 
exacerbation of obesity [58]. Studies suggest associations 
between asthma and the consumption of sweetened 
beverages, potentially due to fructose malabsorption leading 
to pro-inflammatory products [59,60]. Conversely, diets high in 
fiber, fruits, vegetables, and omega-3 fatty acids have shown 
positive associations. However, interventions targeting diet in 
obesity and asthma have yielded mixed results [61,62,63].
Exercise-based interventions have demonstrated benefits 
in obesity-associated asthma, independent of their impact 
on weight. Physically inactive asthmatics, characterized by 
sedentary behavior, obesity, and mood symptoms, showed 
improved lung function, exercise capacity, asthma control, 
and reduced inflammation with increased physical activity. 
Structured programs, including high-intensity pulmonary 
rehab, have reported short- and long-term benefits [64,65].
Weight loss, often a consequence of regular exercise, has been 
linked to improved airway inflammation and asthma control. 
Even minimal weight loss (≥5.0 percent) has significantly 
increased lung function. Combined interventions, such as 
weight loss plus exercise programs, have reported higher 
asthma control scores, more significant weight loss, improved 
lung function, and higher anti-inflammatory biomarkers. 
Virtual weight loss programs have also demonstrated positive 
outcomes [66,67].
For suitable candidates, weight reduction surgery, including 
procedures like gastric bypass and sleeve gastrectomy, is a 
viable option. Studies have reported better asthma control, 
lung function, and reduced inflammation post-bariatric 
surgery. However, benefits may take weeks, and long-term 
success depends on sustained weight loss and lifestyle 
changes [68,69].

3.3.4. Pharmacological Treatment
Although there are no medications specifically approved by the 
FDA for the treatment of obesity-associated asthma due to its 
increased likelihood of demonstrating T2-low inflammation, there 
is a rationale for considering azithromycin and tezepelumab as 
supplementary therapies in the appropriate clinical context, as 
indicated by findings from specific randomized trials [70]. The 
pharmacological intervention in obesity-associated asthma is 
a field of ongoing research, and we present a review of recent 
and ongoing studies in this regard.
Therapies targeting diabetes and cholesterol have been 
suggested for obesity-associated asthma, particularly in 
individuals with underlying insulin resistance or dyslipidemia. 
Glucagon-like peptide 1 (GLP-1) agonists, known for 
improving insulin sensitivity and increasing nitric oxide (NO) 
bioavailability by inhibiting ADMA, have been observed to 
be associated with improved asthma outcomes. A clinical 
trial is currently underway to investigate the efficacy of GLP-
1 agonists in obesity-associated asthma [71]. Encouraging 
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data on weight loss has been reported for tirzepatide, a dual  
GLP-1, and glucose-dependent insulinotropic polypeptide 
(GIP) agonist, in a recent randomized trial involving 2,539 
patients.[72] Pre-clinical studies in mice have also suggested 
a potential impact of metformin on allergic airway inflammation 
and airway hyperresponsiveness. Statin therapy has shown 
significant improvements in healthcare-related quality of 
life, with modest benefits on disease control, although not 
specifically on lung function, as indicated by recent meta-
analyses [73,74].
Attempts have been made in nutrient supplementation, with an 
open-label pilot study of L-citrulline, a precursor to L-arginine and 
a modulator of nitric oxide metabolism, demonstrating positive 
effects on asthma control, fractional exhaled nitric oxide (FeNO), 
and forced expiratory volume in one second (FEV1) among 
individuals with obese asthma [75]. Conversely, a randomized, 
multi-center trial of fish oil supplementation in overweight or 
obese individuals aged 12 to 25 did not reveal any significant 
effects on asthma control, exacerbations, or lung function [76].
Recently, there has been attention on fecal microbiome 
transplantation, although studies are limited to pre-clinical 
data. In one study involving mice, administering a specific 
bacteria, Akkermansia muciniphila reduced hyperreactivity 
and airway inflammation in obese mice [77]. While these 
studies are still in the experimental stages, targeting 
inflammation holds promise as a potential avenue for further 
advancements in treatments. 

4 Discussion

In conclusion, this medical article underscores the intricate 
connection between obesity, obstructive sleep apnea, and 
asthma. The evidence presented strongly suggests that 
obesity serves as a significant risk factor for both obstructive 
sleep apnea and asthma, creating a complex interplay 
between these conditions. Understanding these relationships 
is crucial for developing effective prevention and management 
strategies.
Moving forward, there is a pressing need for further research 
to delve into the nuanced mechanisms linking obesity, 
obstructive sleep apnea, and asthma. Additionally, exploring 
innovative interventions and treatment modalities tailored to 
address these interconnected health issues is imperative. 
This research could pave the way for more personalized and 
targeted approaches in managing patients with obesity-related 
complications, ultimately improving overall health outcomes.
As we look to the future, a comprehensive understanding of the 
links between obesity, obstructive sleep apnea, and asthma 
will inform clinical practice and guide public health initiatives. 
By addressing these interconnected health challenges, we 
can work towards developing holistic and practical strategies 

to mitigate the impact of these conditions on individuals and 
populations.

5 Compliance with Ethical Standards

Funding

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

No informed consent was necessary. 

Data Availability Statement

Data used to support the findings of this study are available 
from the corresponding author upon request.

Conflicts of Interest

The authors declare no conflict of interest.

References

1.	 Tsuneto A,  Yuichi I,  Naohisa U,   Shin-Ichi M. Sleep Apnea 
Syndrome (SAS) Clinical Practice Guidelines 2020 Sleep Ap-
nea Syndrome (SAS) Respir Investig. 2022 Jan;60(1):3-32. 
doi:10.1016/j.resinv.2021.08.010.https(PubMed).

2.	 Word Health Organization. Obesity and overweight. June 2021.
3.	 Yael Mauer,  Rachel Metzger Taliercio; Managing adult asth-

ma: The 2019 GINA guidelines. Cleve Clin J Med 2020 Aug 
31;87(9):569-575. doi: 10.3949/ccjm.87a.19136.

4.	 Shrestha B., Mukhtar O., Kandel S., Bhattrai B., Dattar P.,  
Amgai B., Mandal A., Alhafidh O., Thapa S., Khalid M., et al. 
Polysomnographic Variables in Alternate Overlap Syndrome: 
Data from Sleep Heart Health Study. J. Community Hosp. Intern. 
Med. Perspect. 2019;9:108–112. doi: 10.1080/20009666.2019.1
595951. [PMC free article] [PubMed] [CrossRef] [Google Schol-
ar] [Ref list].

https://pubmed.ncbi.nlm.nih.gov/?term=Akashiba+T&cauthor_id=34986992
https://pubmed.ncbi.nlm.nih.gov/?term=Inoue+Y&cauthor_id=34986992
https://pubmed.ncbi.nlm.nih.gov/?term=Uchimura+N&cauthor_id=34986992
https://pubmed.ncbi.nlm.nih.gov/?term=Mauer+Y&cauthor_id=32868307
https://pubmed.ncbi.nlm.nih.gov/?term=Taliercio+RM&cauthor_id=32868307
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6484460/
https://pubmed.ncbi.nlm.nih.gov/31044041
https://doi.org/10.1080%2F20009666.2019.1595951
https://scholar.google.com/scholar_lookup?journal=J.+Community+Hosp.+Intern.+Med.+Perspect.&title=Polysomnographic+Variables+in+Alternate+Overlap+Syndrome:+Data+from+Sleep+Heart+Health+Study&author=B.+Shrestha&author=O.+Mukhtar&author=S.+Kandel&author=B.+Bhattrai&author=P.+Dattar&volume=9&publication_year=2019&pages=108-112&pmid=31044041&doi=10.1080/20009666.2019.1595951&
https://scholar.google.com/scholar_lookup?journal=J.+Community+Hosp.+Intern.+Med.+Perspect.&title=Polysomnographic+Variables+in+Alternate+Overlap+Syndrome:+Data+from+Sleep+Heart+Health+Study&author=B.+Shrestha&author=O.+Mukhtar&author=S.+Kandel&author=B.+Bhattrai&author=P.+Dattar&volume=9&publication_year=2019&pages=108-112&pmid=31044041&doi=10.1080/20009666.2019.1595951&


136

Pneumologia

5.	 Wang D., Zhou Y., Chen R., Zeng X., Zhang S., Su X., Luo Y., 
Tang Y., Li S., Zhuang Z., et al. The Relationship between Ob-
structive Sleep Apnea and Asthma Severity and Vice Versa: 
A Systematic Review and Meta-Analysis. Eur. J. Med. Res. 
2023;28:139. doi: 10.1186/s40001-023-01097-4. [PMC free ar-
ticle] [PubMed] [CrossRef] [Google Scholar] [Ref list].

6.	 Knuiman M., James A., Divitini M., Bartholomew H. Longitudinal 
Study of Risk Factors for Habitual Snoring in a General Adult 
Population: The Busselton Health Study. Chest. 2006;130:
1779–1783. doi:  10.1378/chest.130.6.1779. [PubMed] [Cross-
Ref] [Google Scholar] [Ref list].

7.	 Janson C., De Backer W., Gislason T., Plaschke P., Björnsson E., 
Hetta J., Kristbjarnarson H., Vermeire P., Boman G. Increased 
Prevalence of Sleep Disturbances and Daytime Sleepiness in 
Subjects with Bronchial Asthma: A Population Study of Young 
Adults in Three European Countries. Eur. Respir. J. 1996;9:
2132–2138. doi:  10.1183/09031936.96.09102132. [PubMed] 
[CrossRef] [Google Scholar] [Ref list].

8.	 Puthalapattu S., Ioachimescu O.C. Asthma and Obstructive 
Sleep Apnea: Clinical and Pathogenic Interactions. J.Investig. 
Med. 2014;62:665–675. doi:  10.2310/JIM.0000000000000065. 
[PubMed] [CrossRef] [Google Scholar] [Ref list].

9.	 Ragnoli B., Pochetti P., Raie A., Malerba M. Interrelationship 
Between Obstructive Sleep Apnea Syndrome and Severe 
Asthma: From Endo-Phenotype to Clinical Aspects. Front. Med. 
2021;8:640636. doi:  10.3389/fmed.2021.640636. [PMC free 
article] [PubMed] [CrossRef] [Google Scholar] [Ref list].

10.	 Prasad B., Nyenhuis S.M., Imayama I., Siddiqi A., Teodorescu 
M. Asthma and Obstructive Sleep Apnea Overlap: What 
Has the Evidence Taught Us? Am. J. Respir. Crit. Care Med. 
2020;201:1345–1357. doi:  10.1164/rccm.201810-1838TR. 
[PMC free article] [PubMed] [CrossRef] [Google Scholar] [Ref 
list].

11.	 Kong D.-L., Qin Z., Shen H., Jin H.-Y., Wang W., Wang Z.-F. 
Association of Obstructive Sleep Apnea with Asthma: A 
Meta-Analysis. Sci. Rep. 2017;7:4088. doi:  10.1038/s41598-
017-04446-6. [PMC free article] [PubMed] [CrossRef] [Google 
Scholar] [Ref list].

12.	 Bonsignore M.R., Pepin J.-L., Anttalainen U., Schiza S.E., Basoglu 
O.K., Pataka A., Steiropoulos P., Dogas Z., Grote L., Hedner J.,  
et al. Clinical Presentation of Patients with Suspected Obstruc-
tive Sleep Apnea and Self-Reported Physician-Diagnosed 
Asthma in the ESADA Cohort. J. Sleep Res. 2018;27:e12729. 
doi:  10.1111/jsr.12729. [PubMed] [CrossRef] [Google Scholar] 
[Ref list].

13.	 Julien J.Y., Martin J.G., Ernst P., Olivenstein R., Hamid Q., 
Lemière C., Pepe C., Naor N., Olha A., Kimoff R.J. Prevalence 
of Obstructive Sleep Apnea-Hypopnea in Severe versus 
Moderate Asthma. J. Allergy Clin. Immunol. 2009;124:371–376. 
doi:  10.1016/j.jaci.2009.05.016. [PubMed] [CrossRef] [Google 
Scholar] [Ref list].

14.	 Teodorescu M., Barnet J.H., Hagen E.W., Palta M., Young T.B., 
Peppard P.E. Association between Asthma and Risk of Developing 
Obstructive Sleep Apnea. JAMA. 2015;313:156–164. doi: 10.1001/
jama.2014.17822. [PMC free article] [PubMed] [CrossRef] [Google 
Scholar] [Ref list].

15.	 Damini Saxena, Ikuyo Imayama, and Muhammad Adrish Miguel 
Angel Martinez-Garcia, Academic Editor. J Clin Med. 2023 Oct; 
12(20):6552.doi: 10.3390/jcm12206552 PMCID: PMC10607310 
PMID: 37892689. Revisiting Asthma Obstructive Sleep Apnea 
Overlap: Current Knowledge and Future Needs 

16.	 Taylor B, Mannino D, Brown C, Crocker D, Twum-Baah N, 
Holguin F. Body mass index and asthma severity in the National 
Asthma Survey. Thorax. 2008;63(1):14–20. doi: 10.1136/
thx.2007.082784 [PubMed] [CrossRef] [Google Scholar] [Ref 
list].

17.	 Larsson SC, Burgess S. Causal role of high body mass index in 
multiple chronic diseases: a systematic review and meta-analysis 
of Mendelian randomization studies. BMC Med. 2021;19(1):320. 
doi: 10.1186/s12916-021-02188-x [PMC free article] [PubMed] 
[CrossRef] [Google Scholar] [Ref list].

18.	 Liu Y, Qu HQ, Qu J, et al. The burden of rare coding variants 
reveals genetic heterogeneity between obese and non-obese 
asthma patients in the African-American population. Respir Res. 
2022;23(1):116. doi: 10.1186/s12931-022-02039-0 [PMC free 
article] [PubMed] [CrossRef] [Google Scholar] [Ref list].

19.	 Murphy A, Tantisira KG, Soto-Quirós ME, et al. PRKCA: a 
positional candidate gene for body mass index and asthma. Am 
J Hum Genet. 2009;85(1):87–96. doi: 10.1016/j.ajhg.2009.06.011 
[PMC free article] [PubMed] [CrossRef] [Google Scholar] [Ref list].

20.	 Tomita Y, Fukutomi Y, Irie M, et al. Obesity, but not metabolic 
syndrome, is a risk factor for late-onset asthma in Japanese 
women. Allergol Int Off J Jpn Soc Allergol. 2019;68(2):240–246. 
doi: 10.1016/j.alit.2018.10.003 [PubMed] [CrossRef] [Google 
Scholar] [Ref list].

21.	 Chen Z, Salam MT, Alderete TL, et al. Effects of Childhood 
Asthma on the Development of Obesity among School-aged 
Children. Am J Respir Crit Care Med. 2017;195(9):1181–1188. 
doi: 10.1164/rccm.201608-1691OC [PMC free article] [PubMed] 
[CrossRef] [Google Scholar] [Ref list].

22.	 Stratakis N, Garcia E, Chandran A, et al. The Role of Childhood 
Asthma in Obesity Development: A Nationwide US Multicohort 
Study. Epidemiol Camb Mass. 2022;33(1):131–140. doi: 
10.1097/EDE.0000000000001421 [PMC free article] [PubMed] 
[CrossRef] [Google Scholar] [Ref list].

23.	 Moitra S, Carsin AE, Abramson MJ, et al. Long-term effect 
of asthma on obesity among adults: an international cohort 
study, ECRHS. Thorax. Published online April 27, 2022:tho-
raxjnl-2021–217867. doi: 10.1136/thoraxjnl-2021-217867 
[PubMed] [CrossRef] [Google Scholar] [Ref list].

24.	 Krzysztof Wyszomirski,  Maciej Walędziak,  Anna Różańska-
Walędziak, Bariatric Surgery and Obstructive Sleep Apnea-

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10062016/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10062016/
https://pubmed.ncbi.nlm.nih.gov/36998095
https://doi.org/10.1186%2Fs40001-023-01097-4
https://scholar.google.com/scholar_lookup?journal=Eur.+J.+Med.+Res.&title=The+Relationship+between+Obstructive+Sleep+Apnea+and+Asthma+Severity+and+Vice+Versa:+A+Systematic+Review+and+Meta-Analysis&author=D.+Wang&author=Y.+Zhou&author=R.+Chen&author=X.+Zeng&author=S.+Zhang&volume=28&publication_year=2023&pages=139&pmid=36998095&doi=10.1186/s40001-023-01097-4&
https://pubmed.ncbi.nlm.nih.gov/17166996
https://doi.org/10.1378%2Fchest.130.6.1779
https://doi.org/10.1378%2Fchest.130.6.1779
https://scholar.google.com/scholar_lookup?journal=Chest&title=Longitudinal+Study+of+Risk+Factors+for+Habitual+Snoring+in+a+General+Adult+Population:+The+Busselton+Health+Study&author=M.+Knuiman&author=A.+James&author=M.+Divitini&author=H.+Bartholomew&volume=130&publication_year=2006&pages=1779-1783&pmid=17166996&doi=10.1378/chest.130.6.1779&
https://pubmed.ncbi.nlm.nih.gov/8902479
https://doi.org/10.1183%2F09031936.96.09102132
https://scholar.google.com/scholar_lookup?journal=Eur.+Respir.+J.&title=Increased+Prevalence+of+Sleep+Disturbances+and+Daytime+Sleepiness+in+Subjects+with+Bronchial+Asthma:+A+Population+Study+of+Young+Adults+in+Three+European+Countries&author=C.+Janson&author=W.+De+Backer&author=T.+Gislason&author=P.+Plaschke&author=E.+Bj�rnsson&volume=9&publication_year=1996&pages=2132-2138&pmid=8902479&doi=10.1183/09031936.96.09102132&
https://pubmed.ncbi.nlm.nih.gov/24583902
https://doi.org/10.2310%2FJIM.0000000000000065
https://scholar.google.com/scholar_lookup?journal=J.+Investig.+Med.&title=Asthma+and+Obstructive+Sleep+Apnea:+Clinical+and+Pathogenic+Interactions&author=S.+Puthalapattu&author=O.C.+Ioachimescu&volume=62&publication_year=2014&pages=665-675&doi=10.2310/JIM.0000000000000065&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8278061/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8278061/
https://pubmed.ncbi.nlm.nih.gov/34277650
https://doi.org/10.3389%2Ffmed.2021.640636
https://scholar.google.com/scholar_lookup?journal=Front.+Med.&title=Interrelationship+Between+Obstructive+Sleep+Apnea+Syndrome+and+Severe+Asthma:+From+Endo-Phenotype+to+Clinical+Aspects&author=B.+Ragnoli&author=P.+Pochetti&author=A.+Raie&author=M.+Malerba&volume=8&publication_year=2021&pages=640636&doi=10.3389/fmed.2021.640636&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7258643/
https://pubmed.ncbi.nlm.nih.gov/31841642
https://doi.org/10.1164%2Frccm.201810-1838TR
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Respir.+Crit.+Care+Med.&title=Asthma+and+Obstructive+Sleep+Apnea+Overlap:+What+Has+the+Evidence+Taught+Us?&author=B.+Prasad&author=S.M.+Nyenhuis&author=I.+Imayama&author=A.+Siddiqi&author=M.+Teodorescu&volume=201&publication_year=2020&pages=1345-1357&pmid=31841642&doi=10.1164/rccm.201810-1838TR&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5481327/
https://pubmed.ncbi.nlm.nih.gov/28642543
https://doi.org/10.1038%2Fs41598-017-04446-6
https://scholar.google.com/scholar_lookup?journal=Sci.+Rep.&title=Association+of+Obstructive+Sleep+Apnea+with+Asthma:+A+Meta-Analysis&author=D.-L.+Kong&author=Z.+Qin&author=H.+Shen&author=H.-Y.+Jin&author=W.+Wang&volume=7&publication_year=2017&pages=4088&pmid=28642543&doi=10.1038/s41598-017-04446-6&
https://scholar.google.com/scholar_lookup?journal=Sci.+Rep.&title=Association+of+Obstructive+Sleep+Apnea+with+Asthma:+A+Meta-Analysis&author=D.-L.+Kong&author=Z.+Qin&author=H.+Shen&author=H.-Y.+Jin&author=W.+Wang&volume=7&publication_year=2017&pages=4088&pmid=28642543&doi=10.1038/s41598-017-04446-6&
https://pubmed.ncbi.nlm.nih.gov/29998568
https://doi.org/10.1111%2Fjsr.12729
https://scholar.google.com/scholar_lookup?journal=J.+Sleep+Res.&title=Clinical+Presentation+of+Patients+with+Suspected+Obstructive+Sleep+Apnea+and+Self-Reported+Physician-Diagnosed+Asthma+in+the+ESADA+Cohort&author=M.R.+Bonsignore&author=J.-L.+Pepin&author=U.+Anttalainen&author=S.E.+Schiza&author=O.K.+Basoglu&volume=27&publication_year=2018&pages=e12729&pmid=29998568&doi=10.1111/jsr.12729&
https://pubmed.ncbi.nlm.nih.gov/19560194
https://doi.org/10.1016%2Fj.jaci.2009.05.016
https://scholar.google.com/scholar_lookup?journal=J.+Allergy+Clin.+Immunol.&title=Prevalence+of+Obstructive+Sleep+Apnea-Hypopnea+in+Severe+versus+Moderate+Asthma&author=J.Y.+Julien&author=J.G.+Martin&author=P.+Ernst&author=R.+Olivenstein&author=Q.+Hamid&volume=124&publication_year=2009&pages=371-376&pmid=19560194&doi=10.1016/j.jaci.2009.05.016&
https://scholar.google.com/scholar_lookup?journal=J.+Allergy+Clin.+Immunol.&title=Prevalence+of+Obstructive+Sleep+Apnea-Hypopnea+in+Severe+versus+Moderate+Asthma&author=J.Y.+Julien&author=J.G.+Martin&author=P.+Ernst&author=R.+Olivenstein&author=Q.+Hamid&volume=124&publication_year=2009&pages=371-376&pmid=19560194&doi=10.1016/j.jaci.2009.05.016&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4334115/
https://pubmed.ncbi.nlm.nih.gov/25585327
https://doi.org/10.1001%2Fjama.2014.17822
https://scholar.google.com/scholar_lookup?journal=JAMA&title=Association+between+Asthma+and+Risk+of+Developing+Obstructive+Sleep+Apnea&author=M.+Teodorescu&author=J.H.+Barnet&author=E.W.+Hagen&author=M.+Palta&author=T.B.+Young&volume=313&publication_year=2015&pages=156-164&pmid=25585327&doi=10.1001/jama.2014.17822&
https://scholar.google.com/scholar_lookup?journal=JAMA&title=Association+between+Asthma+and+Risk+of+Developing+Obstructive+Sleep+Apnea&author=M.+Teodorescu&author=J.H.+Barnet&author=E.W.+Hagen&author=M.+Palta&author=T.B.+Young&volume=313&publication_year=2015&pages=156-164&pmid=25585327&doi=10.1001/jama.2014.17822&
https://pubmed.ncbi.nlm.nih.gov/?term=Saxena%20D%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Imayama%20I%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Adrish%20M%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10607310/
https://doi.org/10.3390%2Fjcm12206552
https://pubmed.ncbi.nlm.nih.gov/37892689
https://pubmed.ncbi.nlm.nih.gov/18156567
https://doi.org/10.1136%2Fthx.2007.082784
https://scholar.google.com/scholar_lookup?journal=Thorax&title=Body+mass+index+and+asthma+severity+in+the+National+Asthma+Survey&author=B+Taylor&author=D+Mannino&author=C+Brown&author=D+Crocker&author=N+Twum-Baah&volume=63&issue=1&publication_year=2008&pages=14-20&pmid=18156567&doi=10.1136/thx.2007.082784&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8672504/
https://pubmed.ncbi.nlm.nih.gov/34906131
https://doi.org/10.1186%2Fs12916-021-02188-x
https://scholar.google.com/scholar_lookup?journal=BMC+Med&title=Causal+role+of+high+body+mass+index+in+multiple+chronic+diseases:+a+systematic+review+and+meta-analysis+of+Mendelian+randomization+studies&author=SC+Larsson&author=S+Burgess&volume=19&issue=1&publication_year=2021&pages=320&pmid=34906131&doi=10.1186/s12916-021-02188-x&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9078008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9078008/
https://pubmed.ncbi.nlm.nih.gov/35524249
https://doi.org/10.1186%2Fs12931-022-02039-0
https://scholar.google.com/scholar_lookup?journal=Respir+Res&title=Burden+of+rare+coding+variants+reveals+genetic+heterogeneity+between+obese+and+non-obese+asthma+patients+in+the+African+American+population&author=Y+Liu&author=HQ+Qu&author=J+Qu&volume=23&issue=1&publication_year=2022&pages=116&pmid=35524249&doi=10.1186/s12931-022-02039-0&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2706964/
https://pubmed.ncbi.nlm.nih.gov/19576566
https://doi.org/10.1016%2Fj.ajhg.2009.06.011
https://scholar.google.com/scholar_lookup?journal=Am+J+Hum+Genet&title=PRKCA:+a+positional+candidate+gene+for+body+mass+index+and+asthma&author=A+Murphy&author=KG+Tantisira&author=ME+Soto-Quir�s&volume=85&issue=1&publication_year=2009&pages=87-96&pmid=19576566&doi=10.1016/j.ajhg.2009.06.011&
https://pubmed.ncbi.nlm.nih.gov/30473411
https://doi.org/10.1016%2Fj.alit.2018.10.003
https://scholar.google.com/scholar_lookup?journal=Allergol+Int+Off+J+Jpn+Soc+Allergol&title=Obesity,+but+not+metabolic+syndrome,+as+a+risk+factor+for+late-onset+asthma+in+Japanese+women&author=Y+Tomita&author=Y+Fukutomi&author=M+Irie&volume=68&issue=2&publication_year=2019&pages=240-246&doi=10.1016/j.alit.2018.10.003&
https://scholar.google.com/scholar_lookup?journal=Allergol+Int+Off+J+Jpn+Soc+Allergol&title=Obesity,+but+not+metabolic+syndrome,+as+a+risk+factor+for+late-onset+asthma+in+Japanese+women&author=Y+Tomita&author=Y+Fukutomi&author=M+Irie&volume=68&issue=2&publication_year=2019&pages=240-246&doi=10.1016/j.alit.2018.10.003&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5439015/
https://pubmed.ncbi.nlm.nih.gov/28103443
https://doi.org/10.1164%2Frccm.201608-1691OC
https://scholar.google.com/scholar_lookup?journal=Am+J+Respir+Crit+Care+Med&title=Effects+of+Childhood+Asthma+on+the+Development+of+Obesity+among+School-aged+Children&author=Z+Chen&author=MT+Salam&author=TL+Alderete&volume=195&issue=9&publication_year=2017&pages=1181-1188&pmid=28103443&doi=10.1164/rccm.201608-1691OC&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8633057/
https://pubmed.ncbi.nlm.nih.gov/34561347
https://doi.org/10.1097%2FEDE.0000000000001421
https://scholar.google.com/scholar_lookup?journal=Epidemiol+Camb+Mass&title=The+Role+of+Childhood+Asthma+in+Obesity+Development:+A+Nationwide+US+Multicohort+Study&author=N+Stratakis&author=E+Garcia&author=A+Chandran&volume=33&issue=1&publication_year=2022&pages=131-140&doi=10.1097/EDE.0000000000001421&
https://pubmed.ncbi.nlm.nih.gov/35477559
https://doi.org/10.1136%2Fthoraxjnl-2021-217867
https://scholar.google.com/scholar_lookup?journal=Thorax&title=Long-term+effect+of+asthma+on+the+development+of+obesity+among+adults:+an+international+cohort+study,+ECRHS&author=S+Moitra&author=AE+Carsin&author=MJ+Abramson&pages=thoraxjnl-2021�217867&doi=10.1136/thoraxjnl-2021-217867&
https://pubmed.ncbi.nlm.nih.gov/?term=Wyszomirski+K&cauthor_id=37512076
https://pubmed.ncbi.nlm.nih.gov/?term=Wal%C4%99dziak+M&cauthor_id=37512076
https://pubmed.ncbi.nlm.nih.gov/?term=R%C3%B3%C5%BCa%C5%84ska-Wal%C4%99dziak+A&cauthor_id=37512076
https://pubmed.ncbi.nlm.nih.gov/?term=R%C3%B3%C5%BCa%C5%84ska-Wal%C4%99dziak+A&cauthor_id=37512076


137

Antohi et al.: The interconnection between Obesity and Asthma

A Narrative Literature Review. Medicina (Kaunas). 2023 Jul 
7;59(7):1266. doi: 10.3390/medicina59071266. Obesity.

25.	 Beuther DA, Sutherland ER. Overweight, obesity, and incident 
asthma: a meta-analysis of prospective epidemiologic studies. 
Am J Respir Crit Care Med. 2007;175:661–666. [PMC free ar-
ticle] [PubMed] [Google Scholar].

26.	 Dixon AE, Holguin F, Sood A, Salome CM, Pratley RE, Beuther 
DA, et al. American Thoracic Society Ad Hoc Subcommittee 
on Obesity and Lung Disease. An official American Thoracic 
Society Workshop report: obesity and asthma. Proc Am Thorac 
Soc. 2010;7:325–335. [PubMed] [Google Scholar].

27.	 Kasasbeh A, Kasasbeh E, Krishnaswamy G. Potential mechanisms 
connecting asthma, esophageal reflux, and obesity/sleep apnea 
complex: a hypothetical review. Sleep Med Rev. 2007;11:47–58. 
[PubMed] [Google Scholar].

28.	 Avallone KM, McLeish AC. Asthma and aerobic exercise: a review 
of the empirical literature. J Asthma. 2013;50:109–116. [PubMed] 
[Google Scholar].

29.	 Teodorescu M, Polomis DA, Gangnon RE, Consens FB, Chervin RD, 
Teodorescu MC. Sleep duration, asthma, and obesity. J Asthma. 
2013;50:945–953. [PMC free article] [PubMed] [Google Scholar] 
[Ref list].

30.	 Shore SA, Johnston RA. Obesity and asthma. Pharmacol Ther. 
2006;110:83–102. [PubMed] [Google Scholar] [Ref list].

31.	 Larsson, S. C., & Burgess, S. (2021). Mendelian randomization 
studies and de novo analyses within the FinnGen consortium: 
Exploring the causal correlation between higher BMI and chronic 
diseases, including asthma.

32.	 Peisong Gao, and Georgia M. Dunston (2006). African Americans 
with Asthma Genetic Insights 2006 (ATSjournals.org)

33.	 Amy Murphy,1,3,4,6 Kelan G. Tantisira, 1,2,3,4,6 Manuel E. 
Soto-Quiro´ s, 5 Lydiana Avila, 5, Barbara J. Klanderman,1,3,4 
Stephen Lake,1 Scott T. Weiss,1,2,3,4 and Juan C. Celedo´ 
n1,2,3,4, Am J Hum Genet(2009). PRKCA: A Positional 
Candidate Genefor Body Mass Index and Asthma.

34.	 Zhanghua Chen 1, Muhammad T. Salam 1,2, Tanya L. Alderete 
1, Rima Habre 1, Theresa M.Bastain 1, Kiros Berhane 3, and 
Frank D. Gilliland 1 (2016). Effects of Childhood Asthma on the 
Development of Obesity among School-aged Children\.

35.	 Dempsey JA, Veasey SC, Morgan BJ, O’Donnell CP. 
Pathophysiology of sleep apnea. Physiol Rev. 2010;90:47–112. 
[PMC free article] [PubMed] [Google Scholar] [Ref list].

36.	 Bharati Prasad, Sharmilee M. Nyenhuis, Ikuyo Imayama, Aminaa 
Siddiqi, and Mihaela Teodorescu Author information Article notes 
Copyright and License information PMC Disclaimer Asthma 
and Obstructive Sleep Apnea Overlap: What Has the Evidence 
Taught Us?

37.	 Emilsson OI, Bengtsson A, Franklin KA, Torén K, Benediktsdóttir 
B, Farkhooy A, et al. Nocturnal gastro-oesophageal reflux, 
asthma and symptoms of OSA: a longitudinal, general popula-
tion study. Eur Respir J. 2013;0 Scholar] [Ref list].

38.	 Meduri GU, Cook TR, Turner RE, Cohen M, Leeper KV. 
Noninvasive positive pressure ventilation in status asthmaticus. 
Chest 1996;110:767e74.

39.	 Lim WJ, Mohammed Akram R, Carson KV, Mysore S, 
Labiszewski NA,Wedzicha JA, et al. Non-invasive positive 
pressure ventilation for treatment of respiratory failure due to 
severe acute exacerbations of asthma. CochraneDatabase Syst 
Rev 2012;12:CD004360.

40.	 Bledsoe BE, Anderson E, Hodnick R, Johnson L, Johnson S, 
Dievendorf E. Low-fractional oxygen concentration continuous 
positive airway pressure is effective in the prehospital setting. 
Prehosp Emerg Care 2012;16:217e21.

41.	 Yim S, Fredberg JJ, Malhotra A. Continuous positive 
airway pressure for asthma: not a big stretch? Eur Respir J 
2007;29:226e8.

42.	 Pellegrino R, Pellegrino GM, Brusasco V. CPAP as a novel 
treatment for bronchial asthma? J Appl Physiol 2011;111:343e4.

43.	 Shepherd KL, James AL, Musk AW, Hunter ML, Hillman DR, 
Eastwood PR. Gastro-oesophageal reflux symptoms are relat-
ed to the presence and severity of obstructive sleep apnoea. J 
Sleep Res 2011;20:241e9.

44.	 Xue Z, Zhang L, Liu Y, Gunst SJ, Tepper RS. Chronic inflation of 
ferret lungs with CPAP reduces airway smooth muscle contractil-
ity in vivo and in vitro. J Appl Physiol 2008;104:610e5.

45.	 Xue Z, Yu Y, Gao H, Gunst SJ, Tepper RS. Chronic continuous 
positive airway pressure (CPAP) reduces airway reactivity 
in vivo in an allergen-induced rabbit model of asthma. J Appl 
Physiol 2011;111:353e7.

46.	 Alkhalil M, Schulman ES, Getsy J. Obstructive sleep apnea 
syndrome and asthma: the role of continuous favorable 
airway pressure treatment. AnnAllergy Asthma Immunol 
2008;101:350e7.

47.	 Devouassoux G, Levy P, Rossini E, Pin I, Fior-Gozlan M, Henry 
M, et al. Sleep apnea is associated with bronchial inflammation 
and continuous positive airway pressure-induced hyperrespon-
siveness. J Allergy Clin Immunol 2007;119:597e603.

48.	 Korczynski P, Gorska K, Przybylowski T, Bielicki P, Zielinski J, 
Chazan R. Continuous favorable airway pressure treatment 
increases bronchial reactivity in obstructive sleep apnea 
patients. Respiration 2009;78:404e10.

49.	 Martin RJ, Pak J. Nasal CPAP in nonapneic nocturnal asthma. 
Chest1991;100:1024e7.

50.	 Simard B, Turcotte H, Marceau P, Biron S, Hould FS, Lebel S, 
et al. Asthma and sleep apnea in patients with morbid obesity: 
outcome after bariatric surgery. Obes Surg 2004;14:1381e8.

51.	 Bharati Prasad, Sharmilee M. Nyenhuis a, Terri E. Weaver B.M. 
(2013) Obstructive sleep apnea and asthma: Associations and 
treatment implications. Division of Pulmonary, Critical Care, Sleep, 
and Allergy, College of Medicine, University of Illinois at Chicago, 
USA. Center for Narcolepsy, Sleep and Health Research, College 
of Nursing, University of Illinois at Chicago, US.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1899288/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1899288/
https://pubmed.ncbi.nlm.nih.gov/17234901
https://scholar.google.com/scholar_lookup?journal=Am+J+Respir+Crit+Care+Med&title=Overweight,+obesity,+and+incident+asthma:+a+meta-analysis+of+prospective+epidemiologic+studies&author=DA+Beuther&author=ER+Sutherland&volume=175&publication_year=2007&pages=661-666&pmid=17234901&
https://pubmed.ncbi.nlm.nih.gov/20844291
https://scholar.google.com/scholar_lookup?journal=Proc+Am+Thorac+Soc&title=An+official+American+Thoracic+Society+Workshop+report:+obesity+and+asthma&author=AE+Dixon&author=F+Holguin&author=A+Sood&author=CM+Salome&author=RE+Pratley&volume=7&publication_year=2010&pages=325-335&pmid=20844291&
https://pubmed.ncbi.nlm.nih.gov/17198758
https://scholar.google.com/scholar_lookup?journal=Sleep+Med+Rev&title=Potential+mechanisms+connecting+asthma,+esophageal+reflux,+and+obesity/sleep+apnea+complex:+a+hypothetical+review&author=A+Kasasbeh&author=E+Kasasbeh&author=G+Krishnaswamy&volume=11&publication_year=2007&pages=47-58&pmid=17198758&
https://pubmed.ncbi.nlm.nih.gov/23252987
https://scholar.google.com/scholar_lookup?journal=J+Asthma&title=Asthma+and+aerobic+exercise:+a+review+of+the+empirical+literature&author=KM+Avallone&author=AC+McLeish&volume=50&publication_year=2013&pages=109-116&pmid=23252987&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3828450/
https://pubmed.ncbi.nlm.nih.gov/23923994
https://scholar.google.com/scholar_lookup?journal=J+Asthma&title=Sleep+duration,+asthma+and+obesity&author=M+Teodorescu&author=DA+Polomis&author=RE+Gangnon&author=FB+Consens&author=RD+Chervin&volume=50&publication_year=2013&pages=945-953&pmid=23923994&
https://pubmed.ncbi.nlm.nih.gov/16297979
https://scholar.google.com/scholar_lookup?journal=Pharmacol+Ther&title=Obesity+and+asthma&author=SA+Shore&author=RA+Johnston&volume=110&publication_year=2006&pages=83-102&pmid=16297979&
https://www.atsjournals.org/author/Gao%2C+Peisong
https://www.atsjournals.org/author/Dunston%2C+Georgia+M
https://www.atsjournals.org/author/Chen%2C+Zhanghua
https://www.atsjournals.org/author/Salam%2C+Muhammad+T
https://www.atsjournals.org/author/Alderete%2C+Tanya+L
https://www.atsjournals.org/author/Habre%2C+Rima
https://www.atsjournals.org/author/Bastain%2C+Theresa+M
https://www.atsjournals.org/author/Berhane%2C+Kiros
https://www.atsjournals.org/author/Gilliland%2C+Frank+D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3970937/
https://pubmed.ncbi.nlm.nih.gov/20086074
https://scholar.google.com/scholar_lookup?journal=Physiol+Rev&title=Pathophysiology+of+sleep+apnea&author=JA+Dempsey&author=SC+Veasey&author=BJ+Morgan&author=CP+O�Donnell&volume=90&publication_year=2010&pages=47-112&pmid=20086074&
https://pubmed.ncbi.nlm.nih.gov/?term=Prasad%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Nyenhuis%20SM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Imayama%20I%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Siddiqi%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Siddiqi%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Teodorescu%20M%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7258643/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7258643/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7258643/
https://www.ncbi.nlm.nih.gov/pmc/about/disclaimer/
https://scholar.google.com/scholar_lookup?journal=Eur+Respir+J&title=Nocturnal+gastro-oesophageal+reflux,+asthma+and+symptoms+of+OSA:+a+longitudinal,+general+population+study&author=OI+Emilsson&author=A+Bengtsson&author=KA+Franklin&author=K+Tor�n&author=B+Benediktsd�ttir&volume=41&publication_year=2013&pages=1347-1354&pmid=23018910&


138

Pneumologia

52.	 Shen T.-C., Lin C.-L., Wei C.-C., Chen C.-H., Tu C.-Y., Hsia T.-C., 
Shih C.-M., Hsu W.-H., Sung F.-C., Kao C.-H. Risk of Obstruc-
tive Sleep Apnea in Adult Patients with Asthma: A Population-
Based Cohort Study in Taiwan. PLoS ONE. 2015;10:e0128461. 
doi: 10.1371/journal.pone.0128461. [PMC free article] [PubMed] 
[CrossRef] [Google Scholar]

53.	 Damini Saxena, Ikuyo Imayama, and Muhammad Adrish Miguel 
Angel Martinez-Garcia, J Clin Med. 2023 Oct; 12(20): 6552. 
They were published online on 2023 Oct 16. doi:  10.3390/
jcm12206552 Academic Editor. Revisiting Asthma Obstructive 
Sleep Apnea Overlap: Current Knowledge and Future Needs

54.	 Santos C.B., Hanks C., McCann J., Lehman E.B., Pratt E., 
Craig T.J. The Role of Montelukast on Perennial Allergic Rhinitis 
and Associated Sleep Disturbances and Daytime Somnolence.  
Allergy Asthma Proc. 2008;29:140–145. doi:  10.2500/
aap.2008.29.3097. [PubMed] [CrossRef] [Google Scholar] [Ref list]

55.	 Adrish M., Hanania N.A. I am choosing Switching Biological 
Agents for Severe Asthma. Respirology. 2022;27:926–928. 
doi: 10.1111/resp.14377. [PubMed] [CrossRef] [Google Scholar] 
[Ref list]

56.	 Bergmann K.-C., Zuberbier T. Obstructive Sleep Apnoe Improves 
on Dupilumab in Patients Treated for Polyposis and Severe 
Asthma. Eur. Respir. J. 2021;58:PA752. Doi: 10.1183/13993003.
CONGRESS-2021.PA752. [CrossRef] [Google Scholar] [Ref list]

57.	 Scioscia G., Buonamico E., Foschino Barbaro M.P., Lacedonia D., 
Sabato R., Carpagnano G.E. Omalizumab as Add-on Therapy 
in a Patient with Severe Asthma and OSA. Respirol. Case 
Rep. 2020;8:e0518. doi:  10.1002/rcr2.518. [PMC free article] 
[PubMed] [CrossRef] [Google Scholar] [Ref list]

58.	 Hancu A, Mihaltan F, Radulian G. Asthma and Ultra-Processed 
Food. Maedica. 2019;14(4):402–407. doi: 10.26574/maedi-
ca.2019.14.4.402 [PMC free article] [PubMed] [CrossRef] 
[Google Scholar] [Ref list]

59.	 Alwarith J, Kahleova H, Crosby L, et al. The role of nutrition 
in asthma prevention and treatment. Nutr Rev. 2020;78(11): 
928–938. doi: 10.1093/nutrient/nuaa005 [PMC free article] 
[PubMed] [CrossRef] [Google Scholar] [Ref list]

60.	 Park S, Akinbami LJ, McGuire LC, Blanck HM. Association of 
sugar-sweetened beverage intake frequency and asthma among 
U.S. adults, 2013. Prev Med. 2016;91:58–61. doi: 10.1016/j.
ypmed.2016.08.004 [PMC free article] [PubMed] [CrossRef] 
[Google Scholar] [Ref list]

61.	 DeChristopher LR, Tucker KL. Excess free fructose, high-fruc-
tose corn syrup, and adult asthma: the Framingham Offspring 
Cohort. Br J Nutr. 2018;119(10):1157–1167. Doi: 10.1017/
S0007114518000417 [PubMed] [CrossRef] [Google Scholar] 
[Ref list]

62.	 Saeed MA, Gribben KC, Alam M, Lyden ER, Hanson CK, 
LeVan TD. Association of Dietary Fiber on Asthma, Respi-
ratory Symptoms, and Inflammation in the Adult National 
Health and Nutrition Examination Survey Population. Ann 

Am Thorac Soc. 2020;17(9):1062–1068. doi: 10.1513/
AnnalsATS.201910-776OC [PubMed] [CrossRef] [Google 
Scholar] [Ref list]

63.	 Hosseini B, Berthon BS, Wark P, Wood LG. Effects of Fruit and 
Vegetable Consumption on Risk of Asthma, Wheezing and 
Immune Responses: A Systematic Review and Meta-Analysis. 
Nutrients. 2017;9(4):E341. doi: 10.3390/nu9040341 [PMC free 
article] [PubMed] [CrossRef] [Google Scholar] [Ref list]

64.	 Collins SÉ, Phillips DB, Brotto AR, Rampuri ZH, Stickland 
MK. Ventilatory efficiency in athletes, asthma and obesity. Eur 
Respir Rev Off J Eur Respir Soc. 2021;30(161):200206. doi: 
10.1183/16000617.0206-2020 [PMC free article] [PubMed] 
[CrossRef] [Google Scholar] [Ref list]

65.	 Hiles SA, Gibson PG, Agusti A, McDonald VM. Treatable Traits 
That Predict Health Status and Treatment Response in Airway 
Disease. J Allergy Clin Immunol Pract. 2021;9(3):1255–1264.e2. 
doi: 10.1016/j.jaip.2020.09.046 [PubMed] [CrossRef] [Google 
Scholar] [Ref list]

66.	 Adeniyi FB, Young T. Weight loss interventions for chronic 
asthma. Cochrane Database Syst Rev. 2012;(7): CD009339. 
Doi: 10.1002/14651858.CD009339.pub2 [PubMed] [CrossRef] 
[Google Scholar] [Ref list]

67.	 Özbey Ü, Balaban S, Sözener ZÇ, Uçar A, Mungan D, Mısırlıgil Z. 
The effects of diet-induced weight loss on asthma control and 
quality of life in obese adults with asthma: a randomized controlled 
trial. J Asthma Off J Assoc Care Asthma. 2020;57(6):618–626. 
doi: 10.1080/02770903.2019.1590594 [PubMed] [CrossRef] 
[Google Scholar] [Ref list]

68.	 Dixon AE, Pratley RE, Forgione PM, et al. Effects of obesity 
and bariatric surgery on airway hyperresponsiveness, asthma 
control, and inflammation. J Allergy Clin Immunol. 2011;128(3): 
508–515.e1–2. doi: 10.1016/j.jaci.2011.06.009 [PMC free article] 
[PubMed] [CrossRef] [Google Scholar] [Ref list]

69.	 van Huisstede A, Rudolphus A, Castro Cabezas M, et al. 
Effect of bariatric surgery on asthma control, lung function and 
bronchial and systemic inflammation in morbidly obese subjects 
with asthma. Thorax. 2015;70(7):659–667. doi: 10.1136/tho-
raxjnl-2014-206712 [PubMed] [CrossRef] [Google Scholar] [Ref 
list]

70.	 Menzies-Gow A, Corren J, Bourdin A, et al. Tezepelumab in 
Adults and Adolescents with Severe, Uncontrolled Asthma. 
N Engl J Med. 2021;384(19):1800–1809. doi: 10.1056/NEJ-
Moa2034975 [PubMed] [CrossRef] [Google Scholar] [Ref list]

71.	 Foer D, Beeler PE, Cui J, Karlson EW, Bates DW, Cahill KN. 
Asthma Exacerbations in Patients with Type 2 Diabetes and 
Asthma on Glucagon-like Peptide-1 Receptor Agonists. Am 
J Respir Crit Care Med. 2021;203(7):831–840. doi: 10.1164/
rccm.202004-0993OC [PMC free article] [PubMed] [CrossRef] 
[Google Scholar] [Ref list]

72.	 Jastreboff AM, Aronne LJ, Ahmad NN, et al. Tirzepatide 
Once Weekly for the Treatment of Obesity. N Engl J Med. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4466235/
https://pubmed.ncbi.nlm.nih.gov/26067280
https://doi.org/10.1371%2Fjournal.pone.0128461
https://scholar.google.com/scholar_lookup?journal=PLoS+ONE&title=Risk+of+Obstructive+Sleep+Apnea+in+Adult+Patients+with+Asthma:+A+Population-Based+Cohort+Study+in+Taiwan&author=T.-C.+Shen&author=C.-L.+Lin&author=C.-C.+Wei&author=C.-H.+Chen&author=C.-Y.+Tu&volume=10&publication_year=2015&pages=e0128461&pmid=26067280&doi=10.1371/journal.pone.0128461&
https://pubmed.ncbi.nlm.nih.gov/?term=Saxena%20D%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Imayama%20I%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Adrish%20M%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10607310/
https://doi.org/10.3390%2Fjcm12206552
https://doi.org/10.3390%2Fjcm12206552
https://pubmed.ncbi.nlm.nih.gov/18430310
https://doi.org/10.2500%2Faap.2008.29.3097
https://scholar.google.com/scholar_lookup?journal=Allergy+Asthma+Proc.&title=The+Role+of+Montelukast+on+Perennial+Allergic+Rhinitis+and+Associated+Sleep+Disturbances+and+Daytime+Somnolence&author=C.B.+Santos&author=C.+Hanks&author=J.+McCann&author=E.B.+Lehman&author=E.+Pratt&volume=29&publication_year=2008&pages=140-145&pmid=18430310&doi=10.2500/aap.2008.29.3097&
https://pubmed.ncbi.nlm.nih.gov/36161677
https://doi.org/10.1111%2Fresp.14377
https://scholar.google.com/scholar_lookup?journal=Respirology&title=Choosing+and+Switching+Biological+Agents+in+Severe+Asthma&author=M.+Adrish&author=N.A.+Hanania&volume=27&publication_year=2022&pages=926-928&pmid=36161677&doi=10.1111/resp.14377&
https://doi.org/10.1183%2F13993003.CONGRESS-2021.PA752
https://scholar.google.com/scholar_lookup?journal=Eur.+Respir.+J.&title=Obstructive+Sleep+Apnoe+Improves+on+Dupilumab+in+Patients+Treated+for+Polyposis+and+Severe+Asthma&author=K.-C.+Bergmann&author=T.+Zuberbier&volume=58&publication_year=2021&pages=PA752&doi=10.1183/13993003.CONGRESS-2021.PA752&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7006716/
https://pubmed.ncbi.nlm.nih.gov/32055401
https://doi.org/10.1002%2Frcr2.518
https://scholar.google.com/scholar_lookup?journal=Respirol.+Case+Rep.&title=Omalizumab+as+Add-on+Therapy+in+a+Patient+with+Severe+Asthma+and+OSA&author=G.+Scioscia&author=E.+Buonamico&author=M.P.+Foschino+Barbaro&author=D.+Lacedonia&author=R.+Sabato&volume=8&publication_year=2020&pages=e0518&pmid=32055401&doi=10.1002/rcr2.518&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7035450/
https://pubmed.ncbi.nlm.nih.gov/32153673
https://doi.org/10.26574%2Fmaedica.2019.14.4.402
https://scholar.google.com/scholar_lookup?journal=Maedica&title=Asthma+and+Ultra-Processed+Food&author=A+Hancu&author=F+Mihaltan&author=G+Radulian&volume=14&issue=4&publication_year=2019&pages=402-407&pmid=32153673&doi=10.26574/maedica.2019.14.4.402&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7550896/
https://pubmed.ncbi.nlm.nih.gov/32167552
https://doi.org/10.1093%2Fnutrit%2Fnuaa005
https://scholar.google.com/scholar_lookup?journal=Nutr+Rev&title=The+role+of+nutrition+in+asthma+prevention+and+treatment&author=J+Alwarith&author=H+Kahleova&author=L+Crosby&volume=78&issue=11&publication_year=2020&pages=928-938&pmid=32167552&doi=10.1093/nutrit/nuaa005&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5050122/
https://pubmed.ncbi.nlm.nih.gov/27496394
https://doi.org/10.1016%2Fj.ypmed.2016.08.004
https://scholar.google.com/scholar_lookup?journal=Prev+Med&title=Association+of+sugar-sweetened+beverage+intake+frequency+and+asthma+among+U.S.+adults,+2013&author=S+Park&author=LJ+Akinbami&author=LC+McGuire&author=HM+Blanck&volume=91&publication_year=2016&pages=58-61&pmid=27496394&doi=10.1016/j.ypmed.2016.08.004&
https://pubmed.ncbi.nlm.nih.gov/29587887
https://doi.org/10.1017%2FS0007114518000417
https://scholar.google.com/scholar_lookup?journal=Br+J+Nutr&title=Excess+free+fructose,+high-fructose+corn+syrup+and+adult+asthma:+the+Framingham+Offspring+Cohort&author=LR+DeChristopher&author=KL+Tucker&volume=119&issue=10&publication_year=2018&pages=1157-1167&pmid=29587887&doi=10.1017/S0007114518000417&
https://pubmed.ncbi.nlm.nih.gov/32369709
https://doi.org/10.1513%2FAnnalsATS.201910-776OC
https://scholar.google.com/scholar_lookup?journal=Ann+Am+Thorac+Soc&title=Association+of+Dietary+Fiber+on+Asthma,+Respiratory+Symptoms,+and+Inflammation+in+the+Adult+National+Health+and+Nutrition+Examination+Survey+Population&author=MA+Saeed&author=KC+Gribben&author=M+Alam&author=ER+Lyden&author=CK+Hanson&volume=17&issue=9&publication_year=2020&pages=1062-1068&pmid=32369709&doi=10.1513/AnnalsATS.201910-776OC&
https://scholar.google.com/scholar_lookup?journal=Ann+Am+Thorac+Soc&title=Association+of+Dietary+Fiber+on+Asthma,+Respiratory+Symptoms,+and+Inflammation+in+the+Adult+National+Health+and+Nutrition+Examination+Survey+Population&author=MA+Saeed&author=KC+Gribben&author=M+Alam&author=ER+Lyden&author=CK+Hanson&volume=17&issue=9&publication_year=2020&pages=1062-1068&pmid=32369709&doi=10.1513/AnnalsATS.201910-776OC&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5409680/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5409680/
https://pubmed.ncbi.nlm.nih.gov/28353635
https://doi.org/10.3390%2Fnu9040341
https://scholar.google.com/scholar_lookup?journal=Nutrients&title=Effects+of+Fruit+and+Vegetable+Consumption+on+Risk+of+Asthma,+Wheezing+and+Immune+Responses:+A+Systematic+Review+and+Meta-Analysis&author=B+Hosseini&author=BS+Berthon&author=P+Wark&author=LG+Wood&volume=9&issue=4&publication_year=2017&pages=E341&pmid=28353635&doi=10.3390/nu9040341&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9488533/
https://pubmed.ncbi.nlm.nih.gov/34289980
https://doi.org/10.1183%2F16000617.0206-2020
https://scholar.google.com/scholar_lookup?journal=Eur+Respir+Rev+Off+J+Eur+Respir+Soc&title=Ventilatory+efficiency+in+athletes,+asthma+and+obesity&author=S�+Collins&author=DB+Phillips&author=AR+Brotto&author=ZH+Rampuri&author=MK+Stickland&volume=30&issue=161&publication_year=2021&pages=200206&doi=10.1183/16000617.0206-2020&
https://pubmed.ncbi.nlm.nih.gov/33039647
https://doi.org/10.1016%2Fj.jaip.2020.09.046
https://scholar.google.com/scholar_lookup?journal=J+Allergy+Clin+Immunol+Pract&title=Treatable+Traits+That+Predict+Health+Status+and+Treatment+Response+in+Airway+Disease&author=SA+Hiles&author=PG+Gibson&author=A+Agusti&author=VM+McDonald&volume=9&issue=3&publication_year=2021&pages=1255-1264.e2&pmid=33039647&doi=10.1016/j.jaip.2020.09.046&
https://scholar.google.com/scholar_lookup?journal=J+Allergy+Clin+Immunol+Pract&title=Treatable+Traits+That+Predict+Health+Status+and+Treatment+Response+in+Airway+Disease&author=SA+Hiles&author=PG+Gibson&author=A+Agusti&author=VM+McDonald&volume=9&issue=3&publication_year=2021&pages=1255-1264.e2&pmid=33039647&doi=10.1016/j.jaip.2020.09.046&
https://pubmed.ncbi.nlm.nih.gov/22786526
https://doi.org/10.1002%2F14651858.CD009339.pub2
https://scholar.google.com/scholar_lookup?journal=Cochrane+Database+Syst+Rev&title=Weight+loss+interventions+for+chronic+asthma&author=FB+Adeniyi&author=T+Young&issue=7&publication_year=2012&pages=CD009339&pmid=22786526&doi=10.1002/14651858.CD009339.pub2&
https://pubmed.ncbi.nlm.nih.gov/30907198
https://doi.org/10.1080%2F02770903.2019.1590594
https://scholar.google.com/scholar_lookup?journal=J+Asthma+Off+J+Assoc+Care+Asthma&title=The+effects+of+diet-induced+weight+loss+on+asthma+control+and+quality+of+life+in+obese+adults+with+asthma:+a+randomized+controlled+trial&author=�+�zbey&author=S+Balaban&author=Z�+S�zener&author=A+U�ar&author=D+Mungan&volume=57&issue=6&publication_year=2020&pages=618-626&doi=10.1080/02770903.2019.1590594&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3164923/
https://pubmed.ncbi.nlm.nih.gov/21782230
https://doi.org/10.1016%2Fj.jaci.2011.06.009
https://scholar.google.com/scholar_lookup?journal=J+Allergy+Clin+Immunol&title=Effects+of+obesity+and+bariatric+surgery+on+airway+hyperresponsiveness,+asthma+control,+and+inflammation&author=AE+Dixon&author=RE+Pratley&author=PM+Forgione&volume=128&issue=3&publication_year=2011&pages=508-515.e1�2&pmid=21782230&doi=10.1016/j.jaci.2011.06.009&
https://pubmed.ncbi.nlm.nih.gov/25934136
https://doi.org/10.1136%2Fthoraxjnl-2014-206712
https://scholar.google.com/scholar_lookup?journal=Thorax&title=Effect+of+bariatric+surgery+on+asthma+control,+lung+function+and+bronchial+and+systemic+inflammation+in+morbidly+obese+subjects+with+asthma&author=A+van+Huisstede&author=A+Rudolphus&author=M+Castro+Cabezas&volume=70&issue=7&publication_year=2015&pages=659-667&pmid=25934136&doi=10.1136/thoraxjnl-2014-206712&
https://pubmed.ncbi.nlm.nih.gov/33979488
https://doi.org/10.1056%2FNEJMoa2034975
https://scholar.google.com/scholar_lookup?journal=N+Engl+J+Med&title=Tezepelumab+in+Adults+and+Adolescents+with+Severe,+Uncontrolled+Asthma&author=A+Menzies-Gow&author=J+Corren&author=A+Bourdin&volume=384&issue=19&publication_year=2021&pages=1800-1809&pmid=33979488&doi=10.1056/NEJMoa2034975&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8017590/
https://pubmed.ncbi.nlm.nih.gov/33052715
https://doi.org/10.1164%2Frccm.202004-0993OC
https://scholar.google.com/scholar_lookup?journal=Am+J+Respir+Crit+Care+Med&title=Asthma+Exacerbations+in+Patients+with+Type+2+Diabetes+and+Asthma+on+Glucagon-like+Peptide-1+Receptor+Agonists&author=D+Foer&author=PE+Beeler&author=J+Cui&author=EW+Karlson&author=DW+Bates&volume=203&issue=7&publication_year=2021&pages=831-840&pmid=33052715&doi=10.1164/rccm.202004-0993OC&


139

Antohi et al.: The interconnection between Obesity and Asthma

2022;387(3):205–216. doi: 10.1056/NEJMoa2206038 [PubMed] 
[CrossRef] [Google Scholar] [Ref list]

73.	 Hiles SA, Gibson PG, Agusti A, McDonald VM. Treatable Traits 
That Predict Health Status and Treatment Response in Airway 
Disease. J Allergy Clin Immunol Pract. 2021;9(3):1255–1264.e2. 
doi: 10.1016/j.jaip.2020.09.046 [PubMed] [CrossRef] [Google 
Scholar] [Ref list].

74.	 Sunata K, Kabata H, Kuno T, et al. The effect of statins 
for asthma. A systematic review and meta-analysis. J 
Asthma Off J Assoc Care Asthma. 2022;59(4):801–810. doi: 
10.1080/02770903.2021.1879850 [PubMed] [CrossRef] [Google 
Scholar] [Ref list].

75.	 Holguin F, Grasemann H, Sharma S, et al. L-Citrulline increas-
es nitric oxide and improves control in obese asthmatics. JCI 

Insight. 2019;4(24):131733. doi: 10.1172/jci.insight.131733 
[PMC free article] [PubMed] [CrossRef] [Google Scholar] 
[Ref list].

76.	 Lang JE, Mougey EB, Hossain MJ, et al. Fish Oil Supple-
mentation in Overweight/Obese Patients with Uncon-
trolled Asthma. A Randomized Trial. Ann Am Thorac Soc. 
2019;16(5):554–562. doi: 10.1513/AnnalsATS.201807-
446OC [PMC free article] [PubMed] [CrossRef] [Google 
Scholar] [Ref list].

77.	 Michalovich D, Rodriguez-Perez N, Smolinska S, et al. Obesity 
and disease severity magnify disturbed microbiome-immune in-
teractions in asthma patients. Nat Commun. 2019;10(1):5711. 
doi: 10.1038/s41467-019-13751-9 [PMC free article] [PubMed] 
[CrossRef] [Google Scholar] [Ref list].

https://pubmed.ncbi.nlm.nih.gov/35658024
https://doi.org/10.1056%2FNEJMoa2206038
https://scholar.google.com/scholar_lookup?journal=N+Engl+J+Med&title=Tirzepatide+Once+Weekly+for+the+Treatment+of+Obesity&author=AM+Jastreboff&author=LJ+Aronne&author=NN+Ahmad&volume=387&issue=3&publication_year=2022&pages=205-216&pmid=35658024&doi=10.1056/NEJMoa2206038&
https://pubmed.ncbi.nlm.nih.gov/33039647
https://doi.org/10.1016%2Fj.jaip.2020.09.046
https://scholar.google.com/scholar_lookup?journal=J+Allergy+Clin+Immunol+Pract&title=Treatable+Traits+That+Predict+Health+Status+and+Treatment+Response+in+Airway+Disease&author=SA+Hiles&author=PG+Gibson&author=A+Agusti&author=VM+McDonald&volume=9&issue=3&publication_year=2021&pages=1255-1264.e2&pmid=33039647&doi=10.1016/j.jaip.2020.09.046&
https://scholar.google.com/scholar_lookup?journal=J+Allergy+Clin+Immunol+Pract&title=Treatable+Traits+That+Predict+Health+Status+and+Treatment+Response+in+Airway+Disease&author=SA+Hiles&author=PG+Gibson&author=A+Agusti&author=VM+McDonald&volume=9&issue=3&publication_year=2021&pages=1255-1264.e2&pmid=33039647&doi=10.1016/j.jaip.2020.09.046&
https://pubmed.ncbi.nlm.nih.gov/33504228
https://doi.org/10.1080%2F02770903.2021.1879850
https://scholar.google.com/scholar_lookup?journal=J+Asthma+Off+J+Assoc+Care+Asthma&title=The+effect+of+statins+for+asthma.+A+systematic+review+and+meta-analysis&author=K+Sunata&author=H+Kabata&author=T+Kuno&volume=59&issue=4&publication_year=2022&pages=801-810&doi=10.1080/02770903.2021.1879850&
https://scholar.google.com/scholar_lookup?journal=J+Asthma+Off+J+Assoc+Care+Asthma&title=The+effect+of+statins+for+asthma.+A+systematic+review+and+meta-analysis&author=K+Sunata&author=H+Kabata&author=T+Kuno&volume=59&issue=4&publication_year=2022&pages=801-810&doi=10.1080/02770903.2021.1879850&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6975256/
https://pubmed.ncbi.nlm.nih.gov/31714895
https://doi.org/10.1172%2Fjci.insight.131733
https://scholar.google.com/scholar_lookup?journal=JCI+Insight&title=L-Citrulline+increases+nitric+oxide+and+improves+control+in+obese+asthmatics&author=F+Holguin&author=H+Grasemann&author=S+Sharma&volume=4&issue=24&publication_year=2019&pages=131733&pmid=31714895&doi=10.1172/jci.insight.131733&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6491059/
https://pubmed.ncbi.nlm.nih.gov/30678465
https://doi.org/10.1513%2FAnnalsATS.201807-446OC
https://scholar.google.com/scholar_lookup?journal=Ann+Am+Thorac+Soc&title=Fish+Oil+Supplementation+in+Overweight/Obese+Patients+with+Uncontrolled+Asthma.+A+Randomized+Trial&author=JE+Lang&author=EB+Mougey&author=MJ+Hossain&volume=16&issue=5&publication_year=2019&pages=554-562&pmid=30678465&doi=10.1513/AnnalsATS.201807-446OC&
https://scholar.google.com/scholar_lookup?journal=Ann+Am+Thorac+Soc&title=Fish+Oil+Supplementation+in+Overweight/Obese+Patients+with+Uncontrolled+Asthma.+A+Randomized+Trial&author=JE+Lang&author=EB+Mougey&author=MJ+Hossain&volume=16&issue=5&publication_year=2019&pages=554-562&pmid=30678465&doi=10.1513/AnnalsATS.201807-446OC&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6911092/
https://pubmed.ncbi.nlm.nih.gov/31836714
https://doi.org/10.1038%2Fs41467-019-13751-9
https://scholar.google.com/scholar_lookup?journal=Nat+Commun&title=Obesity+and+disease+severity+magnify+disturbed+microbiome-immune+interactions+in+asthma+patients&author=D+Michalovich&author=N+Rodriguez-Perez&author=S+Smolinska&volume=10&issue=1&publication_year=2019&pages=5711&pmid=31836714&doi=10.1038/s41467-019-13751-9&

