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Obstructive sleep apnea (OSA) is a common sleep disorder associated with serious neurological and cardiovascular complications. Intermittent hypoxia and reoxygenation, a key feature of OSA, produces molecular signals that activate various inflammatory pathways, notably the inflammasome—a multiprotein complex that promotes the release of pro-inflammatory cytokines including IL-18 and IL-1β. This results in systemic inflammation, which contributes to the development of the neurological and cardiovascular complications seen in OSA. In this review, we will first examine the pathways through which intermittent hypoxia induces inflammasome activation. Then, we will connect the inflammasome to the downstream neurological and cardiovascular effects of OSA. Finally, we will explore potential interactions between the inflammasome and OSA treatments including Continuous Positive Airway Pressure therapy and glucagon like peptide-1 receptor agonists (GLP-1RAs).
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1 Introduction

Obstructive sleep apnea (OSA) is characterized by repeated pharyngeal collapse during sleep, resulting in periods of intermittent hypoxia (IH), hypercapnia, and sleep fragmentation (Levy et al., 2015). IH contributes to the development of systemic complications, including neurocognitive impairment (Yang et al., 2013), pulmonary hypertension (Kholdani et al., 2015), and cardiovascular disease (Zdravkovic et al., 2022). OSA affects around 13% of men and 6% of women between the ages of 30–70 (Young et al., 2009). The prevalence of OSA is even higher in certain populations, including individuals with overweight or obesity where excess fatty tissues in the upper airway increases intrathoracic pressure, resulting in OSA (Jehan et al., 2017). Excess body weight is responsible for approximately 60% of moderate to severe cases in the U.S. (Patel, 2024). Obesity also contributes to the development of obesity hypoventilation syndrome (OHS), which is characterized by daytime hypoventilation and sleep-disordered breathing (SDB). It is estimated that OSA accounts for 90% of SDB in patients with OHS (Shetty and Parthasarathy, 2015). The interplay of excess adipose tissue, daytime hypoventilation, and OSA creates a pro-inflammatory state driven by intermittent hypoxia, oxidative stress, and the release of inflammatory mediators (Shetty and Parthasarathy, 2015; Borel et al., 2009; Ellulu et al., 2017).

As OSA is a significant public health concern, efforts have been made to understand its molecular pathology, with the goal of improving diagnosis and treatment. Recent studies suggest that the NLRP3 inflammasome is involved in the development of OSA comorbidities. Expressed predominantly in monocytes and macrophages, NLRP3 [nucleotide-binding oligomerization domain (NOD)-, leucine-rich repeat (LRR), and pyrin domain-containing protein 3] is an intracellular pattern-recognition receptor that is activated by damage-associated molecular patterns (DAMPs) (Swanson et al., 2019; Honda et al., 2023). Activation of NLRP3 results in the formation of the inflammasome, a protein complex consisting of NLRP3, ASC (apoptosis-associated speck-like protein containing a caspase recruitment domain), and caspase 1. The inflammasome induces an inflammatory response by cleaving immature forms of the cytokines IL-18 and IL-1β and promoting their release into circulation (Swanson et al., 2019).

OSA can generate DAMPs that activate the inflammasome (Gong et al., 2020; Diaz-Garcia et al., 2022), resulting in systemic inflammation associated with various neurological and cardiovascular comorbidities. In the central nervous system, OSA-induced intermittent hypoxia activates the NLRP3 inflammasome in microglia, the brain's resident immune cells. This activation leads to the release of pro-inflammatory cytokines, such as IL-1β and IL-18, which drive neuroinflammation and neuronal apoptosis (Gong et al., 2020; Wu et al., 2021; Zhang et al., 2023). These processes are associated with structural and functional changes in the hippocampus, resulting in cognition and memory deficits (Liu et al., 2020). In the periphery, inflammasome activation in monocytes and macrophages contributes to the release of inflammatory cytokines that promote endothelial injury (Kohler and Stradling, 2010; Gaisl et al., 2015), atherosclerosis (Diaz-Garcia et al., 2022, 2023), and pulmonary hypertension (Song et al., 2020; Fu et al., 2020).



2 Inflammasome activation in OSA


2.1 Inflammasome activation in monocytes and macrophages

There is strong evidence that OSA contributes to inflammasome activation in monocytes and macrophages (Figure 1). Peripheral blood monocytes from individuals with OSA had elevated expression of NLRP3, ASC, and caspase 1, as well as higher levels of IL-18 and IL-1β in serum (Diaz-Garcia et al., 2022, 2023; Zong et al., 2023). Several studies also found that microglia undergo inflammasome activation when cultured under IH (Gong et al., 2020; Wu et al., 2021; Du et al., 2020). Interestingly, individuals with OSA did not have elevated serum levels of NLRP3, ASC, and caspase-1, despite higher serum IL-18 and IL-1β levels (Tang et al., 2019). This suggests that inflammasome activation is an intracellular process that results in the release of IL-18 and IL-1β.
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FIGURE 1
 (A) Mechanism of inflammasome activation in monocytes under intermittent hypoxia (IH). First, IH primes the inflammasome by increasing transcription of NLRP3, ASC, and caspase 1 via HIF-1a and nF-KB. In response to oxLDL, these components oligomerize to form the active inflammasome. Additionally, IH inhibits methylation of the HMGB1 gene, resulting in expression of HMGB1, which increases expression of inflammasome components via RAGE. (B) Mechanism of inflammasome activation in macrophages under IH. In addition to the pathway involving HIF-1a, nF-KB, and oxLDL, inflammasome oligomerization in macrophages is also mediated by mitochondrial ROS (mtROS). The inflammasome promotes its own activation by inhibiting mitophagy, which further increases mtROS levels. Additionally, IH increases NLRP3 expression by inhibiting miR-224-5p, a miRNA that targets NLRP3, via MALAT1. IH also decreases levels of miR-146a-5p and SOD2, which prevent inflammasome activation by targeting NLRP3 and mtROS respectively. Portions of the figure utilized images from Servier Medical Art, licensed under Creative Commons Attribution 4.0 International.


Inflammasome activation in monocytes usually involves two steps: priming and full activation. During priming, the expression of NLRP3, ASC, and caspase 1 increases, but NLRP3 remains inactive, preventing oligomerization. When additional cellular damage is signaled, NLRP3 enters the active state, which allows NLRP3, ASC, and caspase 1 to oligomerize and form the inflammasome. The inflammasome then cleaves immature IL-18 and IL-1β into their mature forms and triggers their release from the cell (Swanson et al., 2019). Diaz-Garcia et al. (2022) proposed a model for how this two-step activation process occurs in OSA: first, IH primes the inflammasome by activating transcription factors hypoxemia inducible factor-1a (HIF-1a) and nuclear factor-kappa B (NF-kB), which increase expression of NLRP3, ASC, and caspase 1. Concurrently, IH causes cellular damage, which increases levels of oxidized low-density lipoprotein (oxLDL) in circulation. When NLRP3 senses the circulating oxLDL, the inflammasome is fully activated. In support of this model, experimental results demonstrated that both IH and oxLDL were required to induce IL-1β release in human monocytes (Diaz-Garcia et al., 2023). Additionally, the HMGB1/RAGE/NLRP3 pathway is another proposed mechanism of inflammasome activation in monocytes. Tan et al. (2023) found that chronic IH inhibits methylation of the high mobility group box 1 (HMGB1) gene in monocytes, which increases the expression of HMGB1 protein. HMGB1 then increases the expression of the receptor for advanced glycation endproducts (RAGE), which promotes expression of NLRP3, ASC, and caspase 1.

In macrophages, inflammasome activation involves a two-step mechanism similar to inflammasome activation in monocytes (Diaz-Garcia et al., 2022). Fitzpatrick et al. (2021) found that in contrast to lean mice, bone marrow derived macrophages (BMDMs) from mice with obesity secreted IL-1β when cultured under IH. This suggests that IH alone is insufficient for full inflammasome activation. The mice with obesity likely had elevated levels of oxLDL and other cellular damage signals, which were necessary to induce inflammasome oligomerization and cytokine release under IH conditions.

Inflammasome activation in macrophages also involves mitochondrial damage and oxidative stress. IH causes mitochondrial damage, resulting in the production of mitochondrial reactive oxygen species (mtROS) and oxidized mitochondrial DNA (mtDNA), both of which activate the inflammasome (Zhou et al., 2011). Therefore, mitophagy (the selective autophagy of damaged mitochondria) can clear mtROS and oxidized mtDNA from the cell and thus decrease inflammasome activation (Gong et al., 2020). In microglia, Gong et al. (2020) found that pinocembrin (a flavonoid antioxidant) can upregulate mitophagy, resulting in lower mtROS levels and less inflammasome activation. Interestingly, inflammasome inhibition in microglia resulted in increased mitophagy (Wu et al., 2021), which suggests a bidirectional relationship between mitophagy and the inflammasome. Once activated by mtROS and oxidized mtDNA, the inflammasome inhibits mitophagy, which results in further accumulation of mtROS and oxidized mtDNA, leading to even more inflammasome activation.

In addition to mitophagy, manganese superoxide dismutase (SOD2) is a mitochondrial antioxidant enzyme that provides another source of protection against mtROS (Flynn and Melov, 2013). Fu et al. (2020) and Song et al. (2020) found that mice exposed to IH had low levels of SOD2, leading to higher oxidative stress and inflammasome activation in interstitial macrophages. This suggests that IH activates the inflammasome by not only increasing oxidative stress, but also downregulating antioxidative processes. The RNA-RNA interactome may also mediate OSA-induced inflammasome activation in macrophages. In microglia, Du et al. (2020) found that IH increases the expression of MALAT1, a lncRNA that inhibits miR-224-5p, a miRNA that represses NLRP3 translation. Similarly, Zhang et al. (2023) found that the level of miR-146a-5p, another miRNA that targets NLRP3, in microglial exosomes decreased in mice exposed to chronic IH. In both cases, failure of miRNA to inhibit NLRP3 contributed to inflammasome activation in microglia, resulting in neuroinflammation.

Overall, IH is a major contributor to inflammasome activation in immune cells. However, there is a gap in the literature that compares inflammasome activation pathways in monocytes and macrophages. For example, several studies characterize the role of mitophagy and oxidative stress in macrophages, but not monocytes. Furthermore, it is unclear whether inflammasome activation occurs through a similar mechanism in macrophages that reside in different tissues. Therefore, comparative studies involving multiple immune cell types, including tissue-specific macrophages and monocytes, would be invaluable for uncovering the distinct or shared mechanisms of inflammasome activation.




3 The inflammasome and OSA complications


3.1 Neurocognitive complications

There is strong evidence for the association between OSA and neurocognitive complications, including deficits in memory and focus (Gildeh et al., 2016). Animal models suggest that the inflammasome may contribute to developing these complications (Figure 2). In rodents exposed to IH, inflammasome activation was associated with neuronal apoptosis in the hippocampus, as well as poor performance on the contextual fear conditioning, spatial learning, and memory tests (Gong et al., 2020; Wu et al., 2021; Zhang et al., 2023) and with a transformation from A2 (neuroprotective) astrocytes to A1 (neurotoxic) astrocytes, resulting in damage to the hippocampus and impaired spatial learning (She et al., 2022). Overall, these animal studies suggest that the inflammasome may also contribute to the development of cognition and memory issues in individuals with OSA.
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FIGURE 2
 (A) Neurological effects of inflammasome activation in OSA. Under OSA-induced inflammasome activation, neurons in the hippocampus undergo apoptosis. The inflammasome also induces astrocyte transformation from the neuroprotective A1 phenotype to the neurotoxic A2 phenotype. The combination of neuronal apoptosis and astrocyte-induced inflammation contributes to the development of cognitive and memory deficits. (B) Cardiovascular effects of inflammasome activation in OSA. The inflammasome promotes a triad of thrombosis, endothelial damage, and foam cell apoptosis, increasing the risk of atherosclerosis and other cardiovascular diseases. In the lungs, inflammasome activation induces monocytes and macrophages to invade the pulmonary vasculature. This results in pulmonary arterial remodeling, which increases the risk of pulmonary hypertension. Portions of the figure utilized images from Servier Medical Art, licensed under Creative Commons Attribution 4.0 International.




3.2 Cardiovascular complications

The development of cardiovascular complications in individuals with OSA may also be associated with inflammasome activation (Figure 2) (Kohler and Stradling, 2010; Gaisl et al., 2015). In a canine model of OSA, Yu et al. (2017) found that inflammasome activation is associated with aortic damage. Additionally, the inflammasome induces peripheral blood monocytes to transform into foam cells and undergo apoptosis, resulting in plaque depositions within arteries (Tan et al., 2023). Furthermore, inflammasome activation induces high levels of tissue factor (TF) release from macrophages, which promotes coagulation and thrombosis (Diaz-Garcia et al., 2022, 2023). There is also a link between the inflammasome and pulmonary hypertension (PH), a known complication of OSA. In mice exposed to IH, inflammasome activation induced monocyte and macrophage invasion of the lungs, which triggered pulmonary vascular remodeling, ultimately leading to PH (Song et al., 2020; Fu et al., 2020). Overall, the inflammasome is a potential link between OSA and cardiovascular complications, promoting vascular injury, atherosclerosis, hyper-coagulability, and PH.




4 The inflammasome and OSA therapeutics


4.1 CPAP

The current first-line treatment for OSA is continuous positive airway pressure (CPAP). CPAP improves daytime function and decreases the risk of cardiovascular complications in individuals with OSA (Patel et al., 2003; Haentjens et al., 2007). However, compliance is a major limitation of CPAP, as < 50% of individuals are adherent to therapy, with decreased adherence in individuals with lower income (Pandey et al., 2020). Barriers to adherence include limited medical insurance coverage for the device, as well as lack of access to add-on accessories like mask liners and head gear that improve usability (Pandey et al., 2020). Low adherence to CPAP therapy is concerning because untreated or partially treated OSA can exacerbate the risk of cardiovascular events. Moreover, for individuals with overweight or obesity, CPAP alone may not be sufficient to prevent cardiovascular complications; concurrent weight loss or antihypertensive medication are also required (Levy et al., 2015). These limitations highlight the urgent need for alternative or adjunct therapies that are more acceptable to patients and target the underlying mechanisms of OSA-related inflammation and cardiovascular risk.

Despite these limitations, there is evidence that CPAP reduces airway inflammation. Among individuals with OSA, CPAP use was associated with lower levels of inflammatory proteins in the upper airway (Cohen et al., 2023) and lower levels of TNF-α in exhaled breath condensate (Lin et al., 2016). However, the relationship between CPAP and systemic inflammation is unclear. While CPAP use was associated with lower levels of inflammatory markers like IL-18, TNF-α, and C-reactive protein (CRP) in blood (Steiropoulos et al., 2009; Jin et al., 2017), suggesting that CPAP decreases systemic inflammation, one meta-analysis found that CPAP only reduced blood CRP levels when combined with weight loss (Chirinos et al., 2014). Moreover, others reported no association between CPAP use and inflammatory markers in blood (Colish et al., 2012; Thunstrom et al., 2019; Karamanli et al., 2014; Vgontzas et al., 2008; Wali et al., 2021; Kritikou et al., 2014; Kohler et al., 2009).

The impact of CPAP on the inflammasome has been less studied. Notably, Hall et al. (2024) found that CPAP use was associated with lower plasma levels of hsa-miR233-3p and hsa-miR233-5p, two miRNAs that promote inflammasome activation. These findings suggest a potential role for CPAP in modulating inflammasome activity, but further research is needed to fully understand the mechanisms involved and to clarify the broader implications for systemic inflammation.



4.2 GLP-1 receptor agonists

Glucagon-like peptide-1 receptor agonists (GLP-1RAs), including tirzepatide, liraglutide, and exanetide, are effective treatment options for type-2 diabetes (T2D) and obesity. They decrease blood glucose levels and promote weight loss by inducing insulin secretion and delaying gastric emptying (Mariam and Niazi, 2024). GLP-1RAs have demonstrated significant therapeutic potential for individuals with OSA. The SURMOUNT-OSA and SCALE clinical trials found that GLP-RAs (tirzepatide and liraglutide, respectively) significantly lowered OSA severity and body weight in adults with comorbid OSA and obesity (Malhotra et al., 2024; Blackman et al., 2016). One proof of concept study of liraglutide vs. CPAP vs. the combination of liraglutide and CPAP found that CPAP alone was associated with greater improvement in vascular inflammation and early atherosclerosis compared to liraglutide alone and combination treatment (O'Donnell et al., 2024). However there were significant limitations to this study including a sample size of only 30 among 3 treatment arms. CPAP adherence was an hour lower in the combination group compared to CPAP alone which may explain why the CPAP alone arm was significantly better compared to combination therapy. This finding does highlight that while GLP-1RAs are highly promising, PAP therapy in individuals with high adherence is likely to remain as the most efficacious therapy for OSA. However, for individuals unable to tolerate PAP, GLP-1RAs are emerging as an important additional treatment strategy. The therapeutic efficacy of GLP-1RAs for individuals with OSA is being further studied in ongoing clinical trials. The ROMANCE study is evaluating how individuals with concurrent OSA, obesity, and T2D respond to liraglutide alone or in combination with CPAP (Sprung et al., 2020). The STRIVE study is an open-label, real-world randomized control trial assessing the financial burden and practical implications of daily liraglutide administration to patients with obesity, prediabetes, T2D, hypertension, and/or OSA (Papamargaritis et al., 2020).

The mechanism through which GLP-1RAs alleviate OSA severity remains unclear. Related neuropeptides such as leptin and orexin have been shown to play a role in breathing and upper airway muscle tone (Shapiro et al., 2014; Gestreau et al., 2008). However, there is insufficient data to determine if GLP-1RAs directly affect control of breathing or upper airway patency. Currently, given the well-established role of excess body weight in OSA pathogenesis, the weight-loss effects of GLP-1RAs are widely regarded as the primary driver of their benefits for OSA (Le et al., 2024). This is supported by findings from the SCALE trial, which demonstrated a proportional relationship between the extent of weight loss and reductions in OSA severity (Blackman et al., 2016). Similarly, improvements in OSA symptoms have been observed with other weight-loss interventions, such as bariatric surgery and lifestyle modifications (Foster et al., 2009; Dixon et al., 2012). However, GLP-1RAs exhibit pleiotropic effects, including anti-inflammatory properties, suggesting that their benefits may extend beyond weight loss (Papaetis, 2023). By mitigating oxidative stress from intermittent hypoxia and reducing inflammation, GLP-1RAs may help alleviate OSA-associated complications, particularly cardiovascular risks. For instance, the SURMOUNT-OSA trial found that tirzepatide significantly reduced plasma levels of C-reactive protein, a marker associated with systemic low-grade inflammation and cardiovascular disease (Malhotra et al., 2024). Interestingly, GLP-1RAs may also inhibit the inflammasome. In a meta-analysis, Bray et al. (2021) found that GLP-1RAs decreased plasma levels of malondialdehyde, an oxidative stress marker. Therefore, GLP-1RAs could reduce the oxidative stress generated by IH, potentially decreasing inflammasome activation in individuals with OSA. Additionally, Tremblay et al. (2014) and Zobel et al. (2021) found that GLP-1RAs lowered the plasma levels of IL-18 and IL-1β in individuals with T2D, which suggests that GLP-1RAs could prevent the inflammasome from cleaving and releasing pro-inflammatory cytokines into the bloodstream.

Animal studies provide further evidence that GLP−1RAs inhibit the inflammasome. Liraglutide decreased expression of NLRP3, IL-18, and IL-1β in mice and pigs with diabetes (Chen et al., 2021; Xia et al., 2020). Additionally, liraglutide and exenatide decreased hepatic steatosis by inhibiting the inflammasome in mice with non-alcoholic fatty liver disease (Zhu et al., 2018; Yu et al., 2019; Shao et al., 2018). In microglial cells, Jia et al. (2024) found that liraglutide inhibited the inflammasome by promoting mitophagy, which reduced oxidative stress. GLP-1RAs can also downregulate key activators of the inflammasome, including HIF-1a, NF-kB, and TXNIP (Marlet et al., 2018; Zhou et al., 2020). Thus, beyond their primary role in promoting weight loss, GLP-1RAs may offer additional benefits through inflammasome inhibition, potentially mitigating the inflammatory complications associated with OSA.




5 Conclusion

Through its hallmark features of IH and reoxygenation, OSA drives inflammasome activation in immune cells, including monocytes, macrophages, and microglia. This activation occurs via multiple mechanisms: IH induces a two-step process that first increases the expression of inflammasome components, which subsequently oligomerize in response to circulating lipids and lipoproteins. Additionally, IH contributes to further inflammasome activation through mitochondrial damage, oxidative stress, and RNA-RNA interactions. As a result, activated immune cells cause systemic inflammation, which is a key contributor to the neurocognitive and cardiovascular complications frequently observed in individuals with OSA.

Despite the widespread recognition of CPAP as a cornerstone of OSA treatment, its impact on systemic inflammation and inflammasome activity remains poorly understood. Preliminary findings, specifically the reduction of inflammasome-associated miRNAs with CPAP use, indicate a potential anti-inflammatory effect that warrants further investigation. Additionally, GLP-1RAs, known for their role in weight management and T2D, may also inhibit the inflammasome. Therefore, these drugs can help prevent the neurological and cardiovascular complications of OSA that arise from inflammasome activation.

However, significant gaps in our understanding persist. Specifically, the relationship between CPAP and systemic inflammation and the mechanisms by which CPAP influences inflammasome activity require further study. Furthermore, most research on GLP-1RAs and the inflammasome has been conducted in the context of T2D, leaving their effects in individuals with OSA less explored. Addressing these gaps is crucial for advancing our understanding of OSA pathophysiology and for developing targeted therapies that could improve patient outcomes.

In summary, the interplay between OSA and the inflammasome is linked to the development of numerous systemic complications including cardiovascular disease and neurocognitive impairment, which exacerbate the overall burden of the disorder. Table 1 provides a summary of the existing literature on the relationship between OSA and the inflammasome. A deeper understanding of inflammasome activation in OSA and its modulation by existing and emerging therapies could lead to more effective management strategies, ultimately improving the quality of life for individuals with OSA.


TABLE 1 Overview of major findings regarding inflammasome activation in monocytes and macrophages, neurocognitive, and cardiovascular complications of inflammasome activation in OSA, and the interaction between CPAP and GLP-1RAs and the inflammasome.

[image: Table 1]



Author contributions

MW: Investigation, Visualization, Writing – original draft, Writing – review & editing. JT: Writing – review & editing. SM: Writing – review & editing. DC: Conceptualization, Funding acquisition, Methodology, Supervision, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Daniel Combs was supported by funding from the NHLBI (HL151254).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Blackman, A., Foster, G. D., Zammit, G., Rosenberg, R., Aronne, L., Wadden, T., et al. (2016). Effect of liraglutide 3.0 mg in individuals with obesity and moderate or severe obstructive sleep apnea: the SCALE Sleep Apnea randomized clinical trial. Int. J. Obes. 40, 1310–1319. doi: 10.1038/ijo.2016.52

 Borel, J. C., Roux-Lombard, P., Tamisier, R., Arnaud, C., Monneret, D., Arnol, N., et al. (2009). Endothelial dysfunction and specific inflammation in obesity hypoventilation syndrome. PLoS ONE 4:e6733. doi: 10.1371/journal.pone.0006733

 Bray, J. J. H., Foster-Davies, H., Salem, A., Hoole, A. L., Obaid, D. R., Halcox, J. P. J., et al. (2021). Glucagon-like peptide-1 receptor agonists improve biomarkers of inflammation and oxidative stress: a systematic review and meta-analysis of randomised controlled trials. Diabetes Obes. Metab. 23, 1806–1822. doi: 10.1111/dom.14399

 Chen, X., Huang, Q., Feng, J., Xiao, Z., Zhang, X., Zhao, L., et al. (2021). GLP-1 alleviates NLRP3 inflammasome-dependent inflammation in perivascular adipose tissue by inhibiting the NF-kappaB signalling pathway. J. Int. Med. Res. 49:300060521992981. doi: 10.1177/0300060521992981

 Chirinos, J. A., Gurubhagavatula, I., Teff, K., Rader, D. J., Wadden, T. A., Townsend, R., et al. (2014). CPAP, weight loss, or both for obstructive sleep apnea. N. Engl. J. Med. 370, 2265–2275. doi: 10.1056/NEJMoa1306187

 Cohen, O., Kaufman, A. E., Choi, H., Khan, S., Robson, P. M., Suarez-Farinas, M., et al. (2023). Pharyngeal inflammation on positron emission tomography/magnetic resonance imaging before and after obstructive sleep apnea treatment. Ann. Am. Thorac. Soc. 20, 574–583. doi: 10.1513/AnnalsATS.202207-594OC

 Colish, J., Walker, J. R., Elmayergi, N., Almutairi, S., Alharbi, F., Lytwyn, M., et al. (2012). Obstructive sleep apnea: effects of continuous positive airway pressure on cardiac remodeling as assessed by cardiac biomarkers, echocardiography, and cardiac MRI. Chest 141, 674–681. doi: 10.1378/chest.11-0615

 Diaz-Garcia, E., Garcia-Tovar, S., Alfaro, E., Jaureguizar, A., Casitas, R., Sanchez-Sanchez, B., et al. (2022). Inflammasome activation: a keystone of proinflammatory response in obstructive sleep apnea. Am. J. Respir. Crit. Care Med. 205, 1337–1348. doi: 10.1164/rccm.202106-1445OC

 Diaz-Garcia, E., Sanz-Rubio, D., Garcia-Tovar, S., Alfaro, E., Cubero, P., Gil, A. V., et al. (2023). Inflammasome activation mediated by oxidised low-density lipoprotein in patients with sleep apnoea and early subclinical atherosclerosis. Eur. Respir. J. 61:2201401. doi: 10.1183/13993003.01401-2022

 Dixon, J. B., Schachter, L. M., O'Brien, P. E., Jones, K., Grima, M., Lambert, G., et al. (2012). Surgical vs conventional therapy for weight loss treatment of obstructive sleep apnea: a randomized controlled trial. JAMA 308, 1142–1149. doi: 10.1001/2012.jama.11580

 Du, P., Wang, J., Han, Y., and Feng, J. (2020). Blocking the LncRNA MALAT1/miR-224-5p/NLRP3 axis inhibits the hippocampal inflammatory response in T2DM with OSA. Front. Cell. Neurosci. 14:97. doi: 10.3389/fncel.2020.00097

 Ellulu, M. S., Patimah, I., Khaza'ai, H., Rahmat, A., and Abed, Y. (2017). Obesity and inflammation: the linking mechanism and the complications. Arch. Med. Sci. 13, 851–863. doi: 10.5114/aoms.2016.58928

 Fitzpatrick, S. F., King, A. D., O'Donnell, C., Roche, H. M., and Ryan, S. (2021). Mechanisms of intermittent hypoxia-mediated macrophage activation - potential therapeutic targets for obstructive sleep apnoea. J. Sleep Res. 30:e13202. doi: 10.1111/jsr.13202

 Flynn, J. M., and Melov, S. (2013). SOD2 in mitochondrial dysfunction and neurodegeneration. Free Radic. Biol. Med. 62, 4–12. doi: 10.1016/j.freeradbiomed.2013.05.027

 Foster, G. D., Borradaile, K. E., Sanders, M. H., Millman, R., Zammit, G., Newman, A. B., et al. (2009). A randomized study on the effect of weight loss on obstructive sleep apnea among obese patients with type 2 diabetes: the Sleep AHEAD study. Arch. Intern. Med. 169, 1619–1626. doi: 10.1001/archinternmed.2009.266

 Fu, C., Hao, S., Liu, Z., Xie, L., Wu, X., Wu, X., et al. (2020). SOD2 ameliorates pulmonary hypertension in a murine model of sleep apnea via suppressing expression of NLRP3 in CD11b(+) cells. Respir. Res. 21:9. doi: 10.1186/s12931-019-1270-0

 Gaisl, T., Bratton, D. J., and Kohler, M. (2015). The impact of obstructive sleep apnoea on the aorta. Eur. Respir. J. 46, 532–544. doi: 10.1183/09031936.00029315

 Gestreau, C., Bevengut, M., and Dutschmann, M. (2008). The dual role of the orexin/hypocretin system in modulating wakefulness and respiratory drive. Curr. Opin. Pulm. Med. 14, 512–518. doi: 10.1097/MCP.0b013e32831311d3

 Gildeh, N., Drakatos, P., Higgins, S., Rosenzweig, I., and Kent, B. D. (2016). Emerging co-morbidities of obstructive sleep apnea: cognition, kidney disease, and cancer. J. Thorac. Dis. 8, E901–E17. doi: 10.21037/jtd.2016.09.23

 Gong, L. J., Wang, X. Y., Gu, W. Y., and Wu, X. (2020). Pinocembrin ameliorates intermittent hypoxia-induced neuroinflammation through BNIP3-dependent mitophagy in a murine model of sleep apnea. J. Neuroinflam. 17:337. doi: 10.1186/s12974-020-02014-w

 Haentjens, P., Van Meerhaeghe, A., Moscariello, A., De Weerdt, S., Poppe, K., Dupont, A., et al. (2007). The impact of continuous positive airway pressure on blood pressure in patients with obstructive sleep apnea syndrome: evidence from a meta-analysis of placebo-controlled randomized trials. Arch. Intern. Med. 167, 757–764. doi: 10.1001/archinte.167.8.757

 Hall, S., Samani, S., Churillo, A., Freeburg, L., Cohen, O., Devarakonda, K., et al. (2024). Obstructive sleep apnea alters microRNA levels: effects of continuous positive airway pressure. Med. Res. Arch. 12:4975. doi: 10.18103/mra.v12i1.4975

 Honda, T. S. B., Ku, J., and Anders, H. J. (2023). Cell type-specific roles of NLRP3, inflammasome-dependent and -independent, in host defense, sterile necroinflammation, tissue repair, and fibrosis. Front. Immunol. 14:1214289. doi: 10.3389/fimmu.2023.1214289

 Jehan, S., Zizi, F., Pandi-Perumal, S. R., Wall, S., Auguste, E., Myers, A. K., et al. (2017). Obstructive sleep apnea and obesity: implications for public health. Sleep Med. Disord. 1:19. doi: 10.15406/smdij.2017.01.00019

 Jia, M., Lv, X., Zhu, T., Shen, J. C., Liu, W. X., Yang, J. J., et al. (2024). Liraglutide ameliorates delirium-like behaviors of aged mice undergoing cardiac surgery by mitigating microglia activation via promoting mitophagy. Psychopharmacology 241, 687–698. doi: 10.1007/s00213-023-06492-7

 Jin, F., Liu, J., Zhang, X., Cai, W., Zhang, Y., Zhang, W., et al. (2017). Effect of continuous positive airway pressure therapy on inflammatory cytokines and atherosclerosis in patients with obstructive sleep apnea syndrome. Mol. Med. Rep. 16, 6334–6339. doi: 10.3892/mmr.2017.7399

 Karamanli, H., Ozol, D., Ugur, K. S., Yildirim, Z., Armutcu, F., Bozkurt, B., et al. (2014). Influence of CPAP treatment on airway and systemic inflammation in OSAS patients. Sleep Breath 18, 251–256. doi: 10.1007/s11325-012-0761-8

 Kholdani, C., Fares, W. H., and Mohsenin, V. (2015). Pulmonary hypertension in obstructive sleep apnea: is it clinically significant? A critical analysis of the association and pathophysiology. Pulm. Circ. 5, 220–227. doi: 10.1086/679995

 Kohler, M., Ayers, L., Pepperell, J. C., Packwood, K. L., Ferry, B., Crosthwaite, N., et al. (2009). Effects of continuous positive airway pressure on systemic inflammation in patients with moderate to severe obstructive sleep apnoea: a randomised controlled trial. Thorax 64, 67–73. doi: 10.1136/thx.2008.097931

 Kohler, M., and Stradling, J. R. (2010). Mechanisms of vascular damage in obstructive sleep apnea. Nat. Rev. Cardiol. 7, 677–685. doi: 10.1038/nrcardio.2010.145

 Kritikou, I., Basta, M., Vgontzas, A. N., Pejovic, S., Liao, D., Tsaoussoglou, M., et al. (2014). Sleep apnoea, sleepiness, inflammation and insulin resistance in middle-aged males and females. Eur. Respir. J. 43, 145–155. doi: 10.1183/09031936.00126712

 Le, K. D. R., Le, K., and Foo, F. (2024). The impact of glucagon-like peptide 1 receptor agonists on obstructive sleep apnoea: a scoping review. Pharmacy 12:11. doi: 10.3390/pharmacy12010011

 Levy, P., Kohler, M., McNicholas, W. T., Barbe, F., McEvoy, R. D., Somers, V. K., et al. (2015). Obstructive sleep apnoea syndrome. Nat. Rev. Dis. Primers 1:15015. doi: 10.1038/nrdp.2015.15

 Lin, C. C., Liaw, S. F., Chiu, C. H., Chen, W. J., Lin, M. W., Chang, F. T., et al. (2016). Effects of nasal CPAP on exhaled SIRT1 and tumor necrosis factor-alpha in patients with obstructive sleep apnea. Respir. Physiol. Neurobiol. 228, 39–46. doi: 10.1016/j.resp.2016.03.001

 Liu, X., Ma, Y., Ouyang, R., Zeng, Z., Zhan, Z., Lu, H., et al. (2020). The relationship between inflammation and neurocognitive dysfunction in obstructive sleep apnea syndrome. J. Neuroinflam. 17:229. doi: 10.1186/s12974-020-01905-2

 Malhotra, A., Grunstein, R. R., Fietze, I., Weaver, T. E., Redline, S., and Azarbarzin, A. Tirzepatide for the treatment of obstructive sleep apnea obesity. N. Engl. J. Med. (2024). doi: 10.1056/NEJMoa2404881

 Mariam, Z., and Niazi, S. K. (2024). Glucagon-like peptide agonists: a prospective review. Endocrinol. Diab. Metab. 7:e462. doi: 10.1002/edm2.462

 Marlet, I. R., Olmestig, J. N. E., Vilsboll, T., Rungby, J., and Kruuse, C. (2018). Neuroprotective mechanisms of glucagon-like peptide-1-based therapies in ischaemic stroke: a systematic review based on pre-clinical studies. Basic Clin. Pharmacol. Toxicol. 122, 559–569. doi: 10.1111/bcpt.12974

 O'Donnell, C., Crilly, S., O'Mahony, A., O'Riordan, B., Traynor, M., Gitau, R., et al. (2024). Continuous positive airway pressure but not GLP1-mediated weight loss improves early cardiovascular disease in obstructive sleep apnea: a randomized proof-of-concept study. Ann. Am. Thorac. Soc. 21, 464–473. doi: 10.1513/AnnalsATS.202309-821OC

 Pandey, A., Mereddy, S., Combs, D., Shetty, S., Patel, S. I., Mashaq, S., et al. (2020). Socioeconomic inequities in adherence to positive airway pressure therapy in population-level analysis. J. Clin. Med. 9:442. doi: 10.3390/jcm9020442

 Papaetis, G. S. (2023). GLP-1 receptor agonists, SGLT-2 inhibitors, and obstructive sleep apnoea: can new allies face an old enemy? Arch. Med. Sci. Atheroscler. Dis. 8, e19–34. doi: 10.5114/amsad/161170

 Papamargaritis, D., Al-Najim, W., Lim, J., Crane, J., Lean, M., le Roux, C., et al. (2020). Effectiveness and cost of integrating a pragmatic pathway for prescribing liraglutide 30 mg in obesity services (STRIVE study): study protocol of an open-label, real-world, randomised, controlled trial. BMJ Open 10:e034137. doi: 10.1136/bmjopen-2019-034137

 Patel, S. R. (2024). Entering a new era in sleep-apnea treatment. N. Engl. J. Med. 10:e2407117. doi: 10.1056/NEJMe2407117

 Patel, S. R., White, D. P., Malhotra, A., Stanchina, M. L., and Ayas, N. T. (2003). Continuous positive airway pressure therapy for treating sleepiness in a diverse population with obstructive sleep apnea: results of a meta-analysis. Arch. Intern. Med. 163, 565–571. doi: 10.1001/archinte.163.5.565

 Shao, N., Yu, X. Y., Ma, X. F., Lin, W. J., Hao, M., Kuang, H. Y., et al. (2018). Exenatide delays the progression of nonalcoholic fatty liver disease in C57BL/6 mice, which may involve inhibition of the NLRP3 inflammasome through the mitophagy pathway. Gastroenterol. Res. Pract. 2018:1864307. doi: 10.1155/2018/1864307

 Shapiro, S. D., Chin, C. H., Kirkness, J. P., McGinley, B. M., Patil, S. P., Polotsky, V. Y., et al. (2014). Leptin and the control of pharyngeal patency during sleep in severe obesity. J. Appl. Physiol. 116, 1334–1341. doi: 10.1152/japplphysiol.00958.2013

 She, N., Shi, Y., Feng, Y., Ma, L., Yuan, Y., Zhang, Y., et al. (2022). NLRP3 inflammasome regulates astrocyte transformation in brain injury induced by chronic intermittent hypoxia. BMC Neurosci. 23:70. doi: 10.1186/s12868-022-00756-2

 Shetty, S., and Parthasarathy, S. (2015). Obesity hypoventilation syndrome. Curr. Pulmonol. Rep. 4, 42–55. doi: 10.1007/s13665-015-0108-6

 Song, J. Q., Jiang, L. Y., Fu, C. P., Wu, X., Liu, Z. L., Xie, L., et al. (2020). Heterozygous SOD2 deletion deteriorated chronic intermittent hypoxia-induced lung inflammation and vascular remodeling through mtROS-NLRP3 signaling pathway. Acta Pharmacol. Sin. 41, 1197–1207. doi: 10.1038/s41401-019-0349-y

 Sprung, V. S., Kemp, G. J., Wilding, J. P., Adams, V., Murphy, K., Burgess, M., et al. (2020). Randomised, cOntrolled Multicentre trial of 26 weeks subcutaneous liraglutide (a glucagon-like peptide-1 receptor Agonist), with or without contiNuous positive airway pressure (CPAP), in patients with type 2 diabetes mellitus (T2DM) and obstructive sleep apnoEa (OSA) (ROMANCE): study protocol assessing the effects of weight loss on the apnea-hypnoea index (AHI). BMJ Open 10:e038856. doi: 10.1136/bmjopen-2020-038856

 Steiropoulos, P., Kotsianidis, I., Nena, E., Tsara, V., Gounari, E., Hatzizisi, O., et al. (2009). Long-term effect of continuous positive airway pressure therapy on inflammation markers of patients with obstructive sleep apnea syndrome. Sleep 32, 537–543. doi: 10.1093/sleep/32.4.537

 Swanson, K. V., Deng, M., and Ting, J. P. (2019). The NLRP3 inflammasome: molecular activation and regulation to therapeutics. Nat. Rev. Immunol. 19, 477–489. doi: 10.1038/s41577-019-0165-0

 Tan, H., Hu, J., Zuo, W., Huang, Y., Cui, J., Gong, F., et al. (2023). Activation of the high mobility group box 1/receptor for advanced glycation endproducts/NOD-like receptor family pyrin domain-containing 3 axis under chronic intermittent hypoxia induction promotes the progression of atherosclerosis in ApoE(-/-) mice. J. Am. Heart Assoc. 12:e024397. doi: 10.1161/JAHA.121.024397

 Tang, T., Huang, Q., Liu, J., Zhou, X., Du, J., Wu, H., et al. (2019). Oxidative stress does not contribute to the release of proinflammatory cytokines through activating the Nod-like receptor protein 3 inflammasome in patients with obstructive sleep apnoea. Sleep Breath 23, 535–542. doi: 10.1007/s11325-018-1726-3

 Thunstrom, E., Glantz, H., Yucel-Lindberg, T., Lindberg, K., Saygin, M., Peker, Y., et al. (2019). CPAP does not reduce inflammatory biomarkers in patients with coronary artery disease and nonsleepy obstructive sleep apnea: a randomized controlled trial. Sleep 42:zsx157. doi: 10.1093/sleep/zsy241

 Tremblay, A. J., Lamarche, B., Deacon, C. F., Weisnagel, S. J., and Couture, P. (2014). Effects of sitagliptin therapy on markers of low-grade inflammation and cell adhesion molecules in patients with type 2 diabetes. Metab. Clin. Exp. 63, 1141–1148. doi: 10.1016/j.metabol.2014.06.004

 Vgontzas, A. N., Zoumakis, E., Bixler, E. O., Lin, H. M., Collins, B., Basta, M., et al. (2008). Selective effects of CPAP on sleep apnoea-associated manifestations. Eur. J. Clin. Invest. 38, 585–595. doi: 10.1111/j.1365-2362.2008.01984.x

 Wali, S. O., Al-Mughales, J., Alhejaili, F., Manzar, M. D., Alsallum, F., Almojaddidi, H., et al. (2021). The utility of proinflammatory markers in patients with obstructive sleep apnea. Sleep Breath 25, 545–553. doi: 10.1007/s11325-020-02149-3

 Wu, X., Gong, L., Xie, L., Gu, W., Wang, X., Liu, Z., et al. (2021). NLRP3 deficiency protects against intermittent hypoxia-induced neuroinflammation and mitochondrial ROS by promoting the PINK1-parkin pathway of mitophagy in a murine model of sleep apnea. Front. Immunol. 12:628168. doi: 10.3389/fimmu.2021.628168

 Xia, J., Li, Q., Liu, Y., Ren, Q., Gao, J., Tian, Y., et al. (2020). A GLP-1 analog liraglutide reduces intimal hyperplasia after coronary stent implantation via regulation of glycemic variability and NLRP3 inflammasome/IL-10 signaling in diabetic swine. Front. Pharmacol. 11:372. doi: 10.3389/fphar.2020.00372

 Yang, Q., Wang, Y., Feng, J., Cao, J., and Chen, B. (2013). Intermittent hypoxia from obstructive sleep apnea may cause neuronal impairment and dysfunction in central nervous system: the potential roles played by microglia. Neuropsychiatr. Dis. Treat. 9, 1077–1086. doi: 10.2147/NDT.S49868

 Young, T., Palta, M., Dempsey, J., Peppard, P. E., Nieto, F. J., Hla, K. M., et al. (2009). Burden of sleep apnea: rationale, design, and major findings of the Wisconsin Sleep Cohort study. WMJ 108, 246–249. doi: 10.1016/j.jsmc.2008.11.003

 Yu, C., Liu, Y., Sun, L., Wang, D., Wang, Y., Zhao, S., et al. (2017). Chronic obstructive sleep apnea promotes aortic remodeling in canines through miR-145/Smad3 signaling pathway. Oncotarget 8, 37705–37716. doi: 10.18632/oncotarget.17144

 Yu, X., Hao, M., Liu, Y., Ma, X., Lin, W., Xu, Q., et al. (2019). Liraglutide ameliorates non-alcoholic steatohepatitis by inhibiting NLRP3 inflammasome and pyroptosis activation via mitophagy. Eur. J. Pharmacol. 864:172715. doi: 10.1016/j.ejphar.2019.172715

 Zdravkovic, M., Popadic, V., Klasnja, S., Milic, N., Rajovic, N., Divac, A., et al. (2022). Obstructive sleep apnea and cardiovascular risk: the role of dyslipidemia, inflammation, and obesity. Front. Pharmacol. 13:898072. doi: 10.3389/fphar.2022.898072

 Zhang, Y., Miao, Y., Xiong, X., Tan, J., Han, Z., Chen, F., et al. (2023). Microglial exosomes alleviate intermittent hypoxia-induced cognitive deficits by suppressing NLRP3 inflammasome. Biol. Direct. 18:29. doi: 10.1186/s13062-023-00387-5

 Zhou, R., Yazdi, A. S., Menu, P., and Tschopp, J. A. (2011). role for mitochondria in NLRP3 inflammasome activation. Nature 469, 221–225. doi: 10.1038/nature09663

 Zhou, W., Shao, W., Zhang, Y., Liu, D., Liu, M., Jin, T., et al. (2020). Glucagon-like peptide-1 receptor mediates the beneficial effect of liraglutide in an acute lung injury mouse model involving the thioredoxin-interacting protein. Am. J. Physiol. Endocrinol. Metab. 319, E568–E78. doi: 10.1152/ajpendo.00292.2020

 Zhu, W., Feng, P. P., He, K., Li, S. W., and Gong, J. P. (2018). Liraglutide protects non-alcoholic fatty liver disease via inhibiting NLRP3 inflammasome activation in a mouse model induced by high-fat diet. Biochem. Biophys. Res. Commun. 505, 523–529. doi: 10.1016/j.bbrc.2018.09.134

 Zobel, E. H., Ripa, R. S., von Scholten, B. J., Rotbain Curovic, V., Kjaer, A., Hansen, T. W., et al. (2021). Effect of liraglutide on expression of inflammatory genes in type 2 diabetes. Sci. Rep. 11:18522. doi: 10.1038/s41598-021-97967-0

 Zong, D., Liu, X., Shen, C., Liu, T., and Ouyang, R. (2023). Involvement of Galectin-3 in neurocognitive impairment in obstructive sleep apnea via regulating inflammation and oxidative stress through NLRP3. Sleep Med. 101, 1–10. doi: 10.1016/j.sleep.2022.09.018

Copyright
 © 2025 Wei, Teske, Mashaqi and Combs. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/frsle-03-1524593-t001.jpg
P

Inflammasome activation in
monocytes

Study type

Human

d

Peripheral blood monocytes from patients with OSA had elevated levels of inflammasome components and
inflammatory cytokines (Diaz-Garcia et al., 2022, 2023; Zong et al., 2023).

Cell culture

Animal and cell
culture

Intermittent hypoxia (IH) and oxidized low-density lipoprotein (oxLDL) were both required for inflammasome
activation in cultured monocytes (Diaz-Garcia et al,, 2023).

IH induced inflammasome activation through HMGB1 and RAGE in cultured monocytes and mice (Tan et al.,
2023).

Inflammasome activation in
macrophages

Cell culture

IH induced inflammasome activation in cultured microglia (Gong et al,, 2020; Wu et al,, 2021; Du et al., 2020).

Cell culture

Macrophages from mice with obesity, but not lean mice, underwent inflammasome activation when cultured
under IH (Fitzpatrick et al., 2021).

Cell culture

Pinocembrin reduces inflammasome activation by promoting mitophagy in cultured microglia (Gong et al.,
2020).

Cell culture

Inflammasome activation inhibits mitophagy, resulting in mitochondrial ROS accumulation in cultured
microglia (Wu et al., 2021).

Animal In mice, IH exposure is associated with downregulation of the antioxidant enzyme SOD2, promoting
inflammasome activation in interstitial macrophages (Song et al., 20205 Fu et al., 2020).
Animal In microglia of mice exposed to IH, there were lower levels of miR-224-5p and miR-146a-5p, which are
miRNAs that target NLRP3 (Zhang et al., 2023; Du et al., 2020).
Neurocognitive complications of Animal Inflammasome activation in mice exposed to IH is associated with hippocampal damage and memory deficits
inflammasome activation (Gong etal., 2020; Wu et al,, 2021; Zhang et al., 2023).
Animal Inflammasome activation in rats exposed to IH is associated with a shift from neuroprotective (A2) to

neurotoxic (A1) astrocytes (She et al., 2022).

Cardiovascular complications of
inflammasome activation

Human (review)

Oxidative stress and systemic inflammation are associated with vascular damage in OSA patients (Kohler and
Stradling, 2010; Gaisl et al., 2015).

(meta-analysis)

Animal Inflammasome activation is associated with aortic damage in a canine model of OSA (Yu etal,, 2017).
Animal In mice exposed to IH, inflammasome activation promotes foam cell apoptosis and plaque deposition in
arteries (Tan et al,, 2023).
Human In patients with OSA, inflammasome activation induces monocytes to release tissue factor (TF) into the
bloodstream, which increases risk of thrombosis (Diaz-Garcia et al,, 2022, 2023).
Animal In a mouse model of OSA, inflammasome activation promotes immune cell invasion of the lungs, leading to
pulmonary hypertension (Song et al., 20205 Fu et al., 2020).
The inflammasome and CPAP Human In patients with OSA, CPAP use is associated with decreased airway inflammation (Cohen et al,, 2023; Lin et al.,
2016).
Human In patients with OSA, CPAP use is associated with decreased levels of inflammatory markers IL-18, TNF-a, and
C-reactive protein (CRP) in blood (Steiropoulos et al., 2009; Jin et al,, 2017).
Human In patients with OSA, CPAP use was not effective at reducing systemic inflammation unless it was combined
with weight loss (Chirinos et al., 2014).
Human In patients with OSA, there is no association between CPAP use and systemic inflammation (Colish et al., 2012;
Thunstrom et al,, 2019; Karamanli et al,, 2014; Vgontzas et al., 2008; Wali et al., 2021; Kritikou et al., 2014;
Kohler etal., 2009).
Human In patients with OSA, CPAP use was associated with lower plasma levels of hsa-miR233-3p and hsa-miR233-5p,
two miRNAs that promote inflammasome activation (Hall et al., 2024).
The inflammasome and GLP-1 Human Tirzepatide and liraglutide lowered body weight, OSA severity, and serum C-reactive protein levels in adults
receptor agonists with OSA and obesity (Malhotra et al., 2024; Blackman et al., 2016).
Human Compared with liraglutide and CPAP and liraglutide alone, CPAP alone was associated with a greater reduction
in vascular inflammation and early atherosclerosis (O’Donnell et al., 2024).
Human GLP-1RA use is associated with decreased plasma levels of malondialdehyde, suggesting that GLP-1RAs reduce

oxidative stress (Bray et al,, 2021).

Human In patients with type 2 diabetes, GLP-1RAs lowered the plasma levels of IL-18 and IL-1p (Tremblay et al., 2014;
Zobel et al., 2021).

Animal Liraglutide decreased expression of NLRP3, IL-18, and IL-1B pigs and mice with diabetes (Chen et al,, 2021; Xia
etal., 2020).

Animal Liraglutide promotes mitophagy in mouse microglia (Jia et al., 2024).

Animal A meta-analysis of post-stroke liraglutide administration in rodents shows that liraglutide downregulates

(meta-analysis)

HIF-1a and NK-kB, which are key activators of the inflammasome (Marlet et al., 2018).

Animal

Liraglutide administration in mice after acute lung injury results in downregulation of TXNIP, a key activator of
the inflammasome (Zhou et al., 2020).

The findings are grouped by topic. The second column indicates whether the study used was conducted on cell cultures, animal models, or human subjects. The third column gives a brief

summary of the study findings.
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