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Background: The causal relationship between hypothyroidism and obstructive sleep apnea (OSA) remains controversial. Therefore, our research used a bidirectional Mendelian randomization (MR) method in an attempt to determine the causal relationship between hypothyroidism and OSA.

Methods: From the publicly accessible genome-wide association analysis (GWAS) summary database, we obtained single nucleotide polymorphism (SNPs) data pertaining to hypothyroidism and OSA. Inverse variance weighting (IVW) was the principal method of analysis utilized, with validation also conducted via weighted median, MR-Egger, simple model, and weighted model approaches. To further evaluate the robustness of the results, heterogeneity testing, pleiotropy testing, and the “leave-one-out” sensitivity analysis were performed. Differentially expressed genes (DEGs) from the OSA dataset (GSE135917) and hypothyroidism dataset (GSE176153) derived from the Gene Expression Omnibus (GEO) database were screened using the “limma” package. The “clusterProfiler” and “GO plot” packages were used for further enrichment analysis in order to validate the findings of the MR study. The Cytoscape software was utilized to build a protein–protein interaction (PPI) network of DEGs and to screen for hub genes.

Results: The MR analysis showed that genetically predicted hypothyroidism was associated with an increased risk of OSA [IVW odds ratio (OR) = 1.734; 95% confidence interval (CI) = 1.073–2.801; p = 0.025]. The trend of the outcomes of the other approaches is consistent with the trend of the IVW outcome. However, the reverse MR analysis suggested no evidence for the causal effect of OSA on hypothyroidism (IVW OR = 1.002, 95% CI: 0.996–1.009, p = 0.454). The robustness of the results was confirmed by the sensitivity analysis. Bioinformatics analysis revealed that there were DEGs that hypothyroidism and OSA have in common.

Conclusion: Our findings suggested that hypothyroidism may increase the risk of OSA, while the effect of OSA on hypothyroidism was not found in this MR study. Thus, patients with hypothyroidism should be enhanced with screening for OSA for early diagnosis and appropriate treatment.
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Introduction

Obstructive sleep apnea (OSA) is a widely observed disease that is distinguished by repeated, partial, or total blockage of the upper respiratory tract while sleeping. This obstruction causes intermittent decreases in blood oxygen saturation, blood oxygen partial pressure, as well as hypercapnia (1). About 1 billion individuals between aged of 30 and 69 are estimated to have obstructive sleep apnea (2). Individuals suffering OSA are more probable to experience daytime sleepiness, lethargy, poor concentration, memory loss, or headaches, all of which can negatively impact quality of life and life expectancy (3). In addition, OSA has the potential to result in complications such as stroke, type 2 diabetes mellitus, hypertension, and even nocturnal abrupt death (4–6).

It has been shown that OSA is associated with thyroid disease, especially hypothyroidism, and that patients with hypothyroidism and those with OSA often exhibit similar symptoms (7). Hypothyroidism is a systemic hypometabolic syndrome resulting from thyroid hormoneemia or thyroid hormone resistance due to autoimmunity, iodine metabolism disorders, thyroid surgery, etc. (8). Clinical hypothyroidism is a prevalent condition, with prevalence rates ranging from 0.3 to 3.7% in the overall population of United States and from 0.2 to 5.3% in the Europe (9). Hypothyroidism can result in a higher risk to hyperlipidemia, cardiovascular illness, reproductive abnormalities, somatic and neuromuscular symptoms and other unfavorable consequences (10).

Although the association between hypothyroidism and OSA has been studied, it remains unclear, and a recent meta-analysis also suggests that the relationship between OSA and thyroid dysfunction remains controversial (11). Some observational studies have demonstrated a greater occurrence of hypothyroidism in individuals with OSA, while hypothyroidism can also increase the risk to have OSA (12–14). A multivariate logistic regression analysis by Thavaraputta et al. (2019) demonstrated a strong correlation between OSA and hypothyroidism after adjusting for potential confounding variables (15). However, a study evaluating 271 patients with OSA by Bahammam et al. revealed that the incidence of clinical hypothyroidism newly diagnosed in patients with OSA was comparatively low (16). Besides, the present studies are predominantly grounded in observational epidemiology methodologies. Limitations of traditional observational research methods include susceptibility to reverse causality and unmeasured confounders. Because of the potential bias of confounders, the correlation inference of these previous observational studies may be limited, and the conclusions may even be considered controversial (17). Thus, further research is still needed to determine the causal relationship between hypothyroidism and OSA.

Mendelian randomization is an effective analytical method that utilizes genetic variations as instrumental variables (IVs) (18). Because genetic mutations are innate and independent of environmental factors, MR research approach could effectively manage confounding factor interference, similarly to randomized trials. Moreover, since genetic mutations can influence outcomes, but outcomes are unable to influence genes, no inference about reverse causality could be derived. In order to ensure the validity of the causal relationships obtained from MR studies, the instrumental variables (IVs) must meet three fundamental assumptions: (1) The relevance assumption states that IVs should be strongly correlated with the exposure traits; (2) The independence assumption states that IVs should not be correlated with confounding variables.; and (3) The exclusivity assumption states that IVs should only affect outcomes via exposure variables and not via other pathways (19). The identification of thousands of genetic variations associated with a variety of complicated diseases through genome-wide association studies (GWASs) has boosted the use of MR (20). In this study, we investigated the causal relationship between hypothyroidism and OSA by employing a bidirectional MR analysis with large-scale GWAS data and verifying the results of the MR analysis with bioinformatics analysis.



Materials and methods


GWAS data acquisition

The hypothyroidism GWAS data (GWAS ID: ukb-b-19732) was acquired from the IEU GWAS database.1 There were 462,933 individuals of European descent in the hypothyroidism GWAS data, comprising 22,687 cases and 440,0.246 controls. The definition of hypothyroidism cases was established using clinical diagnosis and self-report measures. The OSA GWAS data were acquired from Round 9 of the FinnGen consortium and included 38,998 OSA patients and 336,659 controls from Europe. The complete OSA GWAS was made available to the public through the FinnGen research project.2 The project’s main objective is to identify new targets for treatment by analyzing genotype–phenotype correlations. The OSA cases was diagnosed according to International Statistical Classification of Diseases (ICD) codes (ICD-9: 3472 A, ICD-10: G47.3). More specifically, OSA cases were identified using clinical examination, subjective symptoms, and sleep registry with a respiratory event index (REI) or apnea-hypopnea index (AHI) of no less than 5 per hour. Table 1 presents the details of the two GWAS datasets. As a reanalysis of previously gathered and published data, this research did not need further ethical clearance.



TABLE 1 Details on GWAS datasets that were used for the Mendelian randomization analysis.
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Selection of instrumental variables

Rigorous SNP screening was performed for the forward analysis with hypothyroidism as the exposure. Firstly, we selected independent SNPs that showed a significant correlation with the exposure variable, meeting the threshold of genome-wide significance [p < 5 × 10–8, linkage disequilibrium (LD) r2 < 0.001 within a 10,000 kb window]. Secondly, the PhenoScanner V2 database3 was used to identify and exclude SNPs that may be associated with confounding. Thirdly, in order to determine whether or not the retained SNPs were susceptible to weak instrument bias, the F statistic was calculated and utilized as in the prior research (21). SNPs with a F statistic below 10 were deemed to be weak instruments and were subsequently excluded from the analysis (22). Fourthly, the retained SNPs were extracted from the outcome dataset, with undetected SNPs and those directly associated with the outcome variable (p < 5 × 10–8) being excluded. Fifthly, to exclude those that were incompatible or palindromic, we harmonized the SNPs. Mendelian randomization analysis was finally conducted on the SNPs that remained after the previously mentioned filtration stages. The instrument selection for reverse analysis was identical to that of the forward analysis.



MR analysis

In both forward and reverse MR analyses, the inverse variance weighted (IVW) method was employed as the principal analysis to explore the causal relationship between hypothyroidism and OSA. The IVW approach has the greatest statistical power if all assumptions are satisfied (23). To assess the robustness of the MR estimates, several of other well-established MR approaches, include MR-Egger, weighted median, simple model, and weighted model, were used in comparison with the IVW method’s results. Assuming instrument strength independent of direct influence, the MR-Egger approach can consistently provide results (24). Even though 50% of IVs are invalid, the weighted median approach can still result in a consistent estimate (25). Consistency of direction and magnitude of several kinds of methods can strengthen the robustness of inference of causality.

In order to assess whether the causality obtained was biased, we further performed sensitivity analyses. The Cochran’s Q test was employed to assess heterogeneity. When heterogeneity was identified, the random-effect IVW approach was used. The MR-Egger regression test was subsequently employed to evaluate horizontal pleiotropy. The intercept reflects pleiotropic effects across genetic variations (24). In addition, the leave-one-out analysis was conducted to find any outliers which could significantly skew the pooled IVW estimations. The “TwoSampleMR” package (version 0.5.7) in the R (version 4.3.1) were used for all MR analyses (26).



Bioinformatic analysis

From the Gene Expression Omnibus (GEO) database,4 the hypothyroidism-related dataset GSE176153 and OSA-related dataset GSE135917 were extracted. The “limma” package (27) was applied to conduct differential expression analysis in order to identify Differential Expression Genes (DEGs) meeting the following criteria: p value <0.05 and |log2(FC)| > 0.5, and the “ggplot2” package (28) and “pheatmap” package (29) were employed to visualize the results. The results of MR analyses were verified by using a Venn diagram to determine whether common DEGs existed between hypothyroidism-DEGs and OSA-DEGs. Gene Ontology (GO) enrichment analysis was performed on the derived common DEGs through the “clusterProfiler” package (30) and “GO plot” package (31) in order to identify the principal pathways and functions implicated in the common DEGs. All of the packages used above are part of the R software statistical environment. The STRING database,5 a free online tool for identifying and predicting protein interactions, was used to build the PPI network of the shared DEGs. Cytoscape software (version 3.9.0) was employed to display the network, and the hub genes were identified using the Cytohubba plugin in Cytoscape.




Results


Selection of genetic instrument

According to the predetermined criteria, forward MR analysis was performed on 110 SNPs linked to hypothyroidism, while reverse MR analysis was performed on 18 SNPs linked to OSA. All of the F statistics were more than 10, indicating that our research did not include any weak instruments. Supplementary Tables S1, S2 provide details on the included instrumentation variations on hypothyroidism and OSA.



Casual effect of hypothyroidism on OSA

The MR results of hypothyroidism on OSA are listed in Figure 1A. The included IVs showed no indication of horizontal pleiotropy, according to MR-Egger regression analysis (intercept = 6.123e-05, p = 0.980; Table 2). The heterogeneity of the results was assessed using the IVW (Cochran’s Q = 174.344; p < 0.05) and MR-Egger (Cochran’s Q = 174.343; p < 0.05) approaches, which indicated that there was heterogeneity in the included IVs (Table 2). Therefore, the inverse variance weighted method under random effect was used to evaluate the causal associations of hypothyroidism on OSA. Genetically predicted hypothyroidism was associated with an increased risk of OSA, according to the IVW method [odds ratio (OR) = 1.734; 95% confidence interval (CI) = 1.073–2.801; p = 0.025]. All five approaches exhibit positive ORs and similarly directional correlations were detected using the other approaches (weighted mode, OR = 2.740, 95% CI = 1.233–6.084, p = 0.015; weighted median, OR = 2.226, 95% CI = 1.176–4.213, p = 0.014), despite the fact that the results of the simple mode and MR Egger methods were not statistically significant (MR Egger, OR = 1.713, 95% CI = 0.578–5.070, p = 0.333; Simple mode, OR = 1.695, 95% CI = 0.353–8.135, p = 0.511).
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FIGURE 1
 Bidirectional causal relationship between hypothyroidism and OSA. (A) The causal effect of hypothyroidism on OSA. (B) The causal effect of OSA on hypothyroidism. OSA, obstructive sleep apnea; nSNP, number of SNPs employed in this study; OR, odds ratio; CI, confidence interval.




TABLE 2 Sensitivity analysis of the associations between hypothyroidism and OSA.
[image: Table2]

A leave-one-out sensitivity analysis was carried out for each SNP on the causal effect of hypothyroidism on OSA. Regardless of whether any SNP was eliminated, we observed that the outcome was always on one side of the zero line (Figure 2A). Also, by visualizing the effect size of IVW and MR-Egger using 110 SNPs, we found that the two outcomes of roughly the same (Figure 2B). In addition, the tendencies of various MR methods were comparatively consistent (Figure 2C). Finally, funnel plot demonstrated that, in both IVW and MR-Egger analysis, the distribution of each SNPs is uniformly distributed on both sides of the vertical line (Figure 2D).

[image: Figure 2]

FIGURE 2
 Sensitivity analysis of casual effect of hypothyroidism on OSA. (A) MR leave-one out analysis of hypothyroidism on OSA. (B) MR effect size for hypothyroidism on OSA. (C) MR test scatterplot of five methods. (D) Funnel plot of individual SNP analyses.




Casual effect of OSA on hypothyroidism

Reverse analysis was performed to further assess the causal relationship between OSA and hypothyroidism. The random effect IVW methods suggested no evidence for the causal effect of OSA on hypothyroidism (OR = 1.002, 95% CI = 0.996–1.009, p = 0.454; Figure 1B). Meanwhile, no statistical significance was observed in the results from other MR approaches (Figure 1B). According to the results of Cochran’s Q test, heterogeneity was found in sensitivity analysis (MR Egger, Q = 33.246, p = 0.007; IVW, Q = 33.384, p = 0.010; Table 2). There was no indication of horizontal pleiotropy according to the MR-Egger regression (intercept = 2.113e-04, p = 0.800; Table 2). The leave-one-out analysis indicated that the total effect of OSA on hypothyroidism was not altered by any one SNP. Supplementary Figure S1 displayed the leave-one-out analysis, forest, scatter, and funnel plots of the sensitivity analysis of casual effect of OSA on hypothyroidism.



Bioinformatic analysis

Analysis of the hypothyroidism-related dataset GSE176153 resulted in a total of 979 DEGs, 557 of which were downregulated and 422 of which were upregulated (Figures 3A,B). Analysis of the OSA-related dataset GSE135917 resulted in a grand total of 1,469 DEGs, 587 of which were downregulated and 882 of which were elevated (Figures 3C,D). The Venn graphic shows the DEGs common to hypothyroidism and OSA (Figure 3E), including AGT, RANBP3L, ACTA2, TCEANC2, FGR, RAMP3, IMPA2, RGS4, PLK3, UCN3, PFKFB3, MARCO, CXCL2, NLRP3, TREM2, TMSB15B, SKA3, OR51E1, ZNF252P, MSTO1, IL1RL1, FAIM, RAB20, EPPIN, CAPNS1, PIGF, CD300LB, NR4A1, NRIP1, PCDHB10, ATF3, NUDT7, MOGS, ZFP36L1, PSMD14, ERRFI1, ENC1, SLC5A3, SLC35G1, HIGD1A, TM4SF18, PTGES3, OR56A4, KIF5C, MMRN1, PLBD2, MCL1, and RPL29. These findings genetically support the close association between hypothyroidism and OSA and that hypothyroidism may cause OSA. The GO enrichment analysis showed the DEGs shared between hypothyroidism and OSA primarily play roles in functions including ERK1 and ERK2 cascade, cellular response to decreased oxygen levels, cellular response to hypoxia, inositol metabolic process, negative regulation of interleukin-1 production, neuron intrinsic apoptotic signaling pathway in response to oxidative stress, and so on (Figure 3F). We employed the STRING database for PPI network analysis of common DEGs and Cytoscape software to visualize the PPI network (Figure 3G). The hub genes might potentially serve critical physiological regulatory functions in the PPI analysis. The hub genes were identified using Cytohubba plugin in Cytoscape, which determined the top 10 genes with the greatest number of connections (NR4A1, ATF3, NLRP3, CXCL2, TREM2, AGT, MCL1, ZFP36L1, IL1RL1, and PFKFB3).

[image: Figure 3]

FIGURE 3
 Bioinfonnatic analysis. (A,B) Volcano plot and heatmap of DEGs for hypothyroidism. (C,D) Volcano plot and heatmap of DEGs for hypothyroidism. (E) Venn graphic of DEGs that hypothyroidism and OSA have in common. (F) Gene Ontology enrichment analysis of common DEGs. (G) The PPI network of common DEGs. Node size increases in proportion to the number of other nodes to which it is connected.





Discussion

The causal relationship between hypothyroidism and OSA is still controversial. The present study employed MR analysis to investigate the causal relationship between hypothyroidism and OSA, and the findings of the MR analysis were subsequently validated through bioinformatics analysis. Due to the influence of ethical considerations and confounding variables, conventional observational epidemiologic approaches are unable to determine accurate causal relationships (32). Therefore, the usage of MR analysis was able to compensate for the incapacity of conventional statistical approaches to eliminate confounding variables (33), and the findings of the present study were further strengthened in terms of reliability by the bioinformatics analysis validation.

In this study, the two-sample MR analysis revealed a correlation between genetically predicted hypothyroidism and an increased risk of OSA. This aligns with the results reported in several prior research investigations (34, 35). Clinical researchers have identified a number of clinical characteristics shared by hypothyroidism and OSA, including obesity, apathy, diminished cognitive function, and excessive daytime lethargy (12). These symptoms in hypothyroidism are due to a drop in basal metabolic rate and a reduction in sympathetic nervous system activity. Regarding OSA, these symptoms are the result of repetitive nocturnal episodes of cessation of breathing, which cause increased carbon dioxide levels, intermittent hypoxia, disturbances in sleep structure, and frequent awakenings (36, 37). The effect of thyroid hormones on the proper functioning of the central nervous system is very significant. Researchers have found that patients with Hashimoto’s encephalopathy, which is expected to be the most serious neurological complication in autoimmune hypothyroidism, present with electroencephalography abnormalities and disturbances in the metabolic composition of the brain: a notable decrease in the Nacetylaspartate/creatine ratio in the white matter of the left parietal lobe and the posterior cingulate regions (38). This may affect proper brain bioelectrical function and sleep. In addition, several presumptions from previous studies may explain the increased risk of OSA caused by hypothyroidism. First, hypothyroidism can cause muscle dysfunction that affects respiratory muscle strength, resulting in hypotonia of the respiratory muscles (39, 40). Second, Submucosal glycosaminoglycan deposition due to hypothyroidism leads to narrowing of the pharynx (41). Furthermore, low metabolic rate due to hypothyroidism can cause obesity, and further accumulation of fat in the abdomen and neck leads to obesity hyperventilation (42). Therefore, patients with hypothyroidism should be screened for OSA for early diagnosis.

The susceptibility to hypothyroidism was not found to be altered by genetic predisposition to OSA in our MR analysis. This result is in accordance with a number of observational studies that demonstrate that individuals with OSA had the same prevalence of hypothyroidism as the general population (43, 44). Although some observational studies have reported a comparatively significant prevalence of hypothyroidism in OSA individuals (13, 45), there are some possible explanations for this discrepancy in results. First, these observational studies may often be subject to reverse causality. In addition, this discrepancy can be attributed to unmeasured confounding factors in observational research, including gender, age, and iodine nutrition status. Further research is necessary in order to illuminate pertinent discrepancies.

Bioinformatics has been a vital tool in biomedical research in recent years, particularly in the identification of potential treatment targets and the clarification of disease mechanisms. In this study, bioinformatics methods, including Venn diagrams and GO enrichment analysis, were utilized to provide insight into the potential connection between hypothyroidism and OSA. The analysis of the Venn diagrams revealed a number of DEGs that hypothyroidism and OSA have in common. This provides genetic support for the idea that hypothyroidism and OSA are strongly correlated. PPI network analysis of common DEGs identified the top 10 hub genes. NLRP3 is an inflammasome which activity is directly correlated with apnea-hypoventilation index and hypoxemia index in patients with OSA, and the damage that OSA causes to endothelial cells, neurons, the kidney, and the lung can be made worse by the activation of NLRP3 inflammasomes (46, 47). At the same time, studies show that hypothyroidism activates the inflammasome-NLRP3 pathway and thyroid hormone deficiency increases the amount of cardiac NLRP3 protein in rats (48, 49). Both NR4A1 and TREM2 are regulated by thyroid hormones and promote papillary thyroid cancer progression (50–53). Furthermore, NR4A1 is upregulated in hypothyroid juvenile mouse liver and higher sTREM2 in cerebrospinal fluid is associated with poor self-reported sleep characteristics and sleep indicators (54, 55). ATF3 is a hypoxia-associated gene biomarker for OSA and acts as a tumor suppressor in thyroid cancer (56, 57). GO enrichment analysis of the DEGs in common between hypothyroidism and OSA revealed the involvement of ERK signaling pathway, regulation of interleukin-1, and oxidative stress process. Previous studies have shown that hypothyroidism promotes increased phosphorylation of ERK1 and ERK2 and that the ERK signaling pathway is robustly activated in OSA (58, 59). The serum levels of the proinflammatory cytokine IL-1β are significantly elevated in patients with OSA (60), and high concentrations of IL-1β inhibit thyroid cell function (61). OSA results in intermittent hypoxia during sleep due to recurrent upper airway obstruction, and the resulting oxidative stress can lead not only to complications of sleep–wake rhythms, but also systemic dysfunction (62). Hypothyroidism has been shown to be associated with oxidative stress in animals and humans, thyroid hormones can modulate antioxidant levels and tissue hypothyroidism exacerbates oxidative stress (63). Thus, we consider that hypothyroidism and OSA share a common pathogenesis that may involve ERK signaling pathway, interleukin-1, and oxidative stress process. Synthesizing these bioinformatics analyses, we consider that there are complex interactions between hypothyroidism and OSA, including multiple biological pathways and mechanisms, which provided further validation of the findings of the MR analyses in the present research.

There are advantageous and limited aspects to this research. The present study is the initial effort to synergistically integrate GWAS and GEO data, using MR analysis and bioinformatics analysis to clarify the relationship of causation between hypothyroidism and OSA. To guarantee the robustness and timeliness of the findings, we used the recent large-scale GWAS data in our study. In addition, the MR analysis of the present research underwent strict quality control based on three fundamental assumptions and sensitivity analysis. There were several limitations on this study as well. Firstly, this study primarily investigates the genetic causality between hypothyroidism and OSA, while some non-genetic factors such as environmental and lifestyle factors might also have some influence. Secondly, the ability to generalize to other ethnic groups is limited due to the fact that the present study’s participants were predominantly of European descent. Furthermore, the lack of comprehensive demographic detail in the GWAS summary data prevented the conduct of in-depth subgroup analyses, including those that accounted for age and gender. As a result, subsequent research should endeavor to conduct further subgroup analyses, and where conditions permit, it could be worthwhile to conduct high-quality randomized controlled trials in an effort to derive more dependable conclusions.



Conclusion

In conclusion, we have provided evidence that genetically predicted hypothyroidism increases the risk of OSA. Therefore, patients suffering from hypothyroidism should be intensively screened for OSA for early diagnosis and appropriate treatment. However, the effect of OSA on hypothyroidism was not found in this MR study. Further research is needed regarding the exact mechanism that contribute to the relationship of causation between hypothyroidism and OSA.
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5   http://www.string-db.org/



References

 1. Kuna, ST. Optimizing chronic Management of Adults with obstructive sleep apnea. Ann Am Thorac Soc. (2020) 17:280–1. doi: 10.1513/AnnalsATS.201912-897ED 

 2. Benjafield, AV, Ayas, NT, Eastwood, PR, Heinzer, R, Ip, MSM, Morrell, MJ , et al. Estimation of the global prevalence and burden of obstructive sleep apnoea: a literature-based analysis. Lancet Respir Med. (2019) 7:687–98. doi: 10.1016/S2213-2600(19)30198-5 

 3. Rowley, JA, Lareau, S, Fahy, BF, Garvey, C, and Sockrider, M. What is obstructive sleep apnea in adults? Am J Respir Crit Care Med. (2017) 196:P1–p2. doi: 10.1164/rccm.1961P1 

 4. Javaheri, S, Barbe, F, Campos-Rodriguez, F, Dempsey, JA, Khayat, R, Javaheri, S , et al. Sleep apnea: types, mechanisms, and clinical cardiovascular consequences. J Am Coll Cardiol. (2017) 69:841–58. doi: 10.1016/j.jacc.2016.11.069 

 5. Yeghiazarians, Y, Jneid, H, Tietjens, JR, Redline, S, Brown, DL, El-Sherif, N , et al. Obstructive sleep apnea and cardiovascular disease: a scientific statement from the American Heart Association. Circulation. (2021) 144:e56–67. doi: 10.1161/CIR.0000000000000988 

 6. Kapur, VK, Auckley, DH, Chowdhuri, S, Kuhlmann, DC, Mehra, R, Ramar, K , et al. Clinical practice guideline for diagnostic testing for adult obstructive sleep apnea: an American Academy of sleep medicine clinical practice guideline. J Clin Sleep Med. (2017) 13:479–504. doi: 10.5664/jcsm.6506 

 7. Green, ME, Bernet, V, and Cheung, J. Thyroid dysfunction and sleep disorders. Front Endocrinol. (2021) 12:725829. doi: 10.3389/fendo.2021.725829 

 8. Chaker, L, Razvi, S, Bensenor, IM, Azizi, F, Pearce, EN, and Peeters, RP. Hypothyroidism. Nat Rev Dis Prim. (2022) 8:30. doi: 10.1038/s41572-022-00357-7

 9. Chaker, L, Bianco, AC, Jonklaas, J, and Peeters, RP. Hypothyroidism. Lancet. (2017) 390:1550–62. doi: 10.1016/S0140-6736(17)30703-1 

 10. Kostoglou-Athanassiou, I, and Ntalles, K. Hypothyroidism - new aspects of an old disease. Hippokratia. (2010) 14:82–7.

 11. Xiong, J, Hu, H, Huang, Y, Zhang, J, and He, J. Lack of associations between thyroid dysfunction and obstructive sleep apnea-hypopnea syndrome: a meta-analysis. Medicine. (2023) 102:e36531. doi: 10.1097/MD.0000000000036531 

 12. Pancholi, C, Chaudhary, SC, Gupta, KK, Sawlani, KK, Verma, SK, Singh, A , et al. Obstructive sleep apnea in hypothyroidism. Ann Afr Med. (2022) 21:403–9. doi: 10.4103/aam.aam_134_21 

 13. Wang, L, Fang, X, Xu, C, Pan, N, Wang, Y, Xue, T , et al. Epworth sleepiness scale is associated with hypothyroidism in male patients with obstructive sleep apnea. Front Endocrinol. (2022) 13:1010646. doi: 10.3389/fendo.2022.1010646 

 14. Arango Jimenez, N, Morales Vera, DZ, Latorre Uriza, C, Velosa-Porras, J, Téllez Corral, MA, and Escobar Arregocés, FM. Relationship of obstructive sleep apnea with periodontal condition and its local and systemic risk factors. Clin Oral Investig. (2023) 27:2823–32. doi: 10.1007/s00784-023-04869-8 

 15. Thavaraputta, S, Dennis, JA, Laoveeravat, P, Nugent, K, and Rivas, AM. Hypothyroidism and its association with sleep apnea among adults in the United States: NHANES 2007-2008. J Clin Endocrinol Metab. (2019) 104:4990–7. doi: 10.1210/jc.2019-01132 

 16. Bahammam, SA, Sharif, MM, Jammah, AA, and Bahammam, AS. Prevalence of thyroid disease in patients with obstructive sleep apnea. Respir Med. (2011) 105:1755–60. doi: 10.1016/j.rmed.2011.07.007

 17. Grimes, DA, and Schulz, KF. Bias and causal associations in observational research. Lancet. (2002) 359:248–52. doi: 10.1016/S0140-6736(02)07451-2

 18. Lawlor, DA, Harbord, RM, Sterne, JA, Timpson, N, and Davey, SG. Mendelian randomization: using genes as instruments for making causal inferences in epidemiology. Stat Med. (2008) 27:1133–63. doi: 10.1002/sim.3034 

 19. Emdin, CA, Khera, AV, and Kathiresan, S. Mendelian randomization. JAMA. (2017) 318:1925–6. doi: 10.1001/jama.2017.17219

 20. Porcu, E, Rüeger, S, Lepik, K, Santoni, FA, Reymond, A, and Kutalik, Z. Mendelian randomization integrating GWAS and eQTL data reveals genetic determinants of complex and clinical traits. Nat Commun. (2019) 10:3300. doi: 10.1038/s41467-019-10936-0 

 21. Wang, Z, Zhou, H, Zhang, S, Wang, F, and Huang, H. The causal relationship between COVID-19 and seventeen common digestive diseases: a two-sample, multivariable Mendelian randomization study. Hum Genomics. (2023) 17:87. doi: 10.1186/s40246-023-00536-x 

 22. Pierce, BL, Ahsan, H, and Vanderweele, TJ. Power and instrument strength requirements for Mendelian randomization studies using multiple genetic variants. Int J Epidemiol. (2011) 40:740–52. doi: 10.1093/ije/dyq151 

 23. Burgess, S, Butterworth, A, and Thompson, SG. Mendelian randomization analysis with multiple genetic variants using summarized data. Genet Epidemiol. (2013) 37:658–65. doi: 10.1002/gepi.21758 

 24. Burgess, S, and Thompson, SG. Interpreting findings from Mendelian randomization using the MR-Egger method. Eur J Epidemiol. (2017) 32:377–89. doi: 10.1007/s10654-017-0255-x 

 25. Bowden, J, Davey Smith, G, Haycock, PC, and Burgess, S. Consistent estimation in Mendelian randomization with some invalid instruments using a weighted median estimator. Genet Epidemiol. (2016) 40:304–14. doi: 10.1002/gepi.21965 

 26. Hemani, G, Zheng, J, Elsworth, B, Wade, KH, Haberland, V, Baird, D , et al. The MR-base platform supports systematic causal inference across the human phenome. eLife. (2018) 7:7. doi: 10.7554/eLife.34408

 27. Ritchie, ME, Phipson, B, Wu, D, Hu, Y, Law, CW, Shi, W , et al. Limma powers differential expression analyses for RNA-sequencing and microarray studies. Nucleic Acids Res. (2015) 43:e47. doi: 10.1093/nar/gkv007 

 28. Ito, K, and Murphy, D. Application of ggplot2 to Pharmacometric graphics. CPT Pharmacometrics Syst Pharmacol. (2013) 2:e79. doi: 10.1038/psp.2013.56 

 29. Shi, Y, Wang, Y, Dong, H, Niu, K, Zhang, W, Feng, K , et al. Crosstalk of ferroptosis regulators and tumor immunity in pancreatic adenocarcinoma: novel perspective to mRNA vaccines and personalized immunotherapy. Apoptosis. (2023) 28:1423–35. doi: 10.1007/s10495-023-01868-8 

 30. Wu, T, Hu, E, Xu, S, Chen, M, Guo, P, Dai, Z , et al. clusterProfiler 4.0: a universal enrichment tool for interpreting omics data. Innovation. (2021) 2:100141. doi: 10.1016/j.xinn.2021.100141

 31. Lu, S, Sun, C, Chen, H, Zhang, C, Li, W, Wu, L , et al. Bioinformatics analysis and validation identify CDK1 and MAD2L1 as prognostic markers of rhabdomyosarcoma. Cancer Manag Res. (2020) 12:12123–36. doi: 10.2147/CMAR.S265779 

 32. Davey Smith, G, and Phillips, AN. Correlation without a cause: an epidemiological odyssey. Int J Epidemiol. (2020) 49:4–14. doi: 10.1093/ije/dyaa016 

 33. Skrivankova, VW, Richmond, RC, Woolf, BAR, Yarmolinsky, J, Davies, NM, Swanson, SA , et al. Strengthening the reporting of observational studies in epidemiology using Mendelian randomization: the STROBE-MR statement. JAMA. (2021) 326:1614–21. doi: 10.1001/jama.2021.18236 

 34. Jha, A, Sharma, SK, Tandon, N, Lakshmy, R, Kadhiravan, T, Handa, KK , et al. Thyroxine replacement therapy reverses sleep-disordered breathing in patients with primary hypothyroidism. Sleep Med. (2006) 7:55–61. doi: 10.1016/j.sleep.2005.05.003 

 35. Sorensen, JR, Winther, KH, Bonnema, SJ, Godballe, C, and Hegedüs, L. Respiratory manifestations of hypothyroidism: a systematic review. Thyroid. (2016) 26:1519–27. doi: 10.1089/thy.2015.0642 

 36. Ralls, F, and Cutchen, L. A contemporary review of obstructive sleep apnea. Curr Opin Pulm Med. (2019) 25:578–93. doi: 10.1097/MCP.0000000000000623 

 37. Sateia, MJ. International classification of sleep disorders-third edition: highlights and modifications. Chest. (2014) 146:1387–94. doi: 10.1378/chest.14-0970

 38. Waliszewska-Prosół, M, and Ejma, M. Hashimoto encephalopathy-still more questions than answers. Cells. (2022) 11:2873. doi: 10.3390/cells11182873 

 39. Siafakas, NM, Salesiotou, V, Filaditaki, V, Tzanakis, N, Thalassinos, N, and Bouros, D. Respiratory muscle strength in hypothyroidism. Chest. (1992) 102:189–94. doi: 10.1378/chest.102.1.189 

 40. Martinez, FJ, Bermudez-Gomez, M, and Celli, BR. Hypothyroidism. A reversible cause of diaphragmatic dysfunction. Chest. (1989) 96:1059–63. doi: 10.1378/chest.96.5.1059

 41. Devdhar, M, Ousman, YH, and Burman, KD. Hypothyroidism. Endocrinol Metab Clin N Am. (2007) 36:595–615, v. doi: 10.1016/j.ecl.2007.04.008

 42. Attal, P, and Chanson, P. Endocrine aspects of obstructive sleep apnea. J Clin Endocrinol Metab. (2010) 95:483–95. doi: 10.1210/jc.2009-1912 

 43. Bielicki, P, Przybyłowski, T, Kumor, M, Barnaś, M, Wiercioch, M, and Chazan, R. Thyroid hormone levels and TSH activity in patients with obstructive sleep apnea syndrome. Adv Exp Med Biol. (2016) 878:67–71. doi: 10.1007/5584_2015_180

 44. Miller, CM, and Husain, AM. Should women with obstructive sleep apnea syndrome be screened for hypothyroidism? Sleep Breath. (2003) 7:185–8. doi: 10.1007/s11325-003-0185-6

 45. Resta, O, Pannacciulli, N, Di Gioia, G, Stefàno, A, Barbaro, MP, and De Pergola, G. High prevalence of previously unknown subclinical hypothyroidism in obese patients referred to a sleep clinic for sleep disordered breathing. Nutr Metabolism Cardiovasc Diseases. (2004) 14:248–53. doi: 10.1016/S0939-4753(04)80051-6 

 46. Díaz-García, E, García-Tovar, S, Alfaro, E, Jaureguizar, A, Casitas, R, Sánchez-Sánchez, B , et al. Inflammasome activation: a keystone of Proinflammatory response in obstructive sleep apnea. Am J Respir Crit Care Med. (2022) 205:1337–48. doi: 10.1164/rccm.202106-1445OC 

 47. Wang, RK, Liang, JQ, Lu, YX, Zhan, XJ, and Gu, QL. The effects of nucleotide-binding oligomerization domain-like receptor 3 inflammasome on obstructive sleep apnea and its complications. Chin J Prevent Med. (2023) 57:1510–6. doi: 10.3760/cma.j.cn112150-20221120-01131 

 48. Santos, BR, Cordeiro, J, Santos, LC, Santana, LDS, Nascimento, AEJ, and Silva, JF. Kisspeptin suppresses Inflammasome-NLRP3 activation and Pyroptosis caused by hypothyroidism at the maternal-fetal Interface of rats. Int J Mol Sci. (2023) 24:6820. doi: 10.3390/ijms24076820 

 49. Sahin, E, Bektur, E, Baycu, C, Burukoglu Dönmez, D, and Kaygısız, B. Hypothyroidism increases expression of sterile INFLAMMATION proteins in rat HEART tissue. Acta Endocrinologica. (2019) 15:39–45. doi: 10.4183/aeb.2019.39

 50. Okamura, T, Nakajima, Y, Shibusawa, N, Horiguchi, K, Matsumoto, S, Yamada, E , et al. Pituitary NR4A1 is negatively regulated by thyroid hormone without direct binding of thyroid hormone receptors on the gene. Mol Cell Endocrinol. (2018) 461:32–42. doi: 10.1016/j.mce.2017.08.007 

 51. Ferrara, SJ, Chaudhary, P, DeBell, MJ, Marracci, G, Miller, H, Calkins, E , et al. TREM2 is thyroid hormone regulated making the TREM2 pathway druggable with ligands for thyroid hormone receptor. Cell Chemical Biol. (2022) 29:239–48.e4. doi: 10.1016/j.chembiol.2021.07.014 

 52. Jiang, C, He, J, Xu, S, Wang, Q, and Cheng, J. NR4A1 promotes LEF1 expression in the pathogenesis of papillary thyroid cancer. Cell Death Discovery. (2022) 8:46. doi: 10.1038/s41420-022-00843-7 

 53. Wang, J, and Li, Z. TREM2 is a prognostic biomarker and correlated with an immunosuppressive microenvironment in thyroid Cancer. Dis Markers. (2022) 2022:1–16. doi: 10.1155/2022/1807386

 54. Dong, H, Yauk, CL, Williams, A, Lee, A, Douglas, GR, and Wade, MG. Hepatic gene expression changes in hypothyroid juvenile mice: characterization of a novel negative thyroid-responsive element. Endocrinology. (2007) 148:3932–40. doi: 10.1210/en.2007-0452 

 55. Hu, HY, Ma, LZ, Hu, H, Bi, YL, Ma, YH, Shen, XN , et al. Associations of sleep characteristics with cerebrospinal fluid sTREM2 in cognitively Normal older adults: the CABLE study. Neurotox Res. (2021) 39:1372–80. doi: 10.1007/s12640-021-00383-5 

 56. Wu, X, Pan, Z, Liu, W, Zha, S, Song, Y, Zhang, Q , et al. The discovery, validation, and function of hypoxia-related gene biomarkers for obstructive sleep apnea. Front Med. (2022) 9:813459. doi: 10.3389/fmed.2022.813459 

 57. Xiao, X, Chen, M, Sang, Y, Xue, J, Jiang, K, Chen, Y , et al. Methylation-mediated silencing of ATF3 promotes thyroid Cancer progression by regulating prognostic genes in the MAPK and PI3K/AKT pathways. Thyroid. (2023) 33:1441–54. doi: 10.1089/thy.2023.0157 

 58. Calloni, GW, Penno, CA, Cordova, FM, Trentin, AG, Neto, VM, and Leal, RB. Congenital hypothyroidism alters the phosphorylation of ERK1/2 and p38MAPK in the hippocampus of neonatal rats. Brain Res Dev Brain Res. (2005) 154:141–5. doi: 10.1016/j.devbrainres.2004.10.005 

 59. Müller, MB, Stihl, C, Schmid, A, Hirschberger, S, Mitsigiorgi, R, Holzer, M , et al. A novel OSA-related model of intermittent hypoxia in endothelial cells under flow reveals pronounced inflammatory pathway activation. Front Physiol. (2023) 14:1108966. doi: 10.3389/fphys.2023.1108966 

 60. Kong, Y, Li, Z, Tang, T, Wu, H, Liu, J, Gu, L , et al. The level of lipopolysaccharide-binding protein is elevated in adult patients with obstructive sleep apnea. BMC Pulm Med. (2018) 18:90. doi: 10.1186/s12890-018-0647-z 

 61. Rasmussen, AK, Bendtzen, K, and Feldt-Rasmussen, U. Thyrocyte-interleukin-1 interactions. Experiment Clin Endocrinol Diabetes. (2000) 108:67–71. doi: 10.1055/s-2000-5797 

 62. Meliante, PG, Zoccali, F, Cascone, F, Di Stefano, V, Greco, A, de Vincentiis, M , et al. Molecular pathology, oxidative stress, and biomarkers in obstructive sleep apnea. Int J Mol Sci. (2023) 24:5478. doi: 10.3390/ijms24065478 

 63. Mancini, A, Di Segni, C, Raimondo, S, Olivieri, G, Silvestrini, A, Meucci, E , et al. Thyroid hormones, oxidative stress, and Inflammation. Mediat Inflamm. (2016) 2016:1–12. doi: 10.1155/2016/6757154


Copyright
 © 2024 Zhao, Huang, Zheng, Cai, Han, Wang and Chen. 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/fneur-15-1420391-t002.jpg
Exposure Outcome Heterogeneity test Pleiotropy test
vw MR-Egger MR-Egger intercept
Q p-value [e] p-value Intercept p-value
6,123

Hypothyroidism 0sA 174344

0sA Hypothyroidism 33384 X 2113E-04

SA, obstructive sleep apnea; IVW, inverse variance weighted.





OPS/images/fneur-15-1420391-g003.jpg
GSENS017(05A)

‘GSENTB153(Hypothyroidsm)

e aoitor-

OSA

Hypothyroidism

1421






OPS/images/fneur-15-1420391-t001.jpg
Consortium Case/Control Sample size Population ‘ear
Hypothyroidism MRC-IEU 22,687/440,246 462933 European 2018
osa FinnGen 38,998/336,659 375,657 European 2023

GWAS, genome-wide association study; OSA, obstructive sleep apnea.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between hypothyroidism and obstructive sleep apnea: a bidirectional Mendelian randomization study combined with the geo database



		Introduction



		Materials and methods



		GWAS data acquisition



		Selection of instrumental variables



		MR analysis



		Bioinformatic analysis









		Results



		Selection of genetic instrument



		Casual effect of hypothyroidism on OSA



		Casual effect of OSA on hypothyroidism



		Bioinformatic analysis









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fneur-15-1420391-g001.jpg
Exposure  Outcome ~Method nSNP OR(95%CI)

pval
Hypothyroidism  OSA MR Egger " ——— 1.713(0578 - 5.070) 0333
Weighted median 10 [ em— 2.226(1.176 - 4213) 0.014
Inverse variance weighted 110 —— 1.734(1.073 - 2.601) 0025
Simple mode 10 e 1695(0.353 - 8.135) 0511
Weighted mode 10 e 2740(1.233-6084) 0015
T
0 1 25 4 55 7
Exposure  Outcome Method nSNP OR(95%CI) pval
0SA Hypothyroidism MR Egger 18 —————o 1 0999(0.971-1.027) 0936
Weighted median 18 — 0.999(0.992 - 1.006) 0.754
Inverse variance weighted 18 e 1.002(0.996 - 1.009) 0.454
Simple mode 18 ——ar— 0.997(0.985 - 1.009) 0599
Weighted mode 18 — 0.998(0.989 - 1.007) 0596
—





OPS/images/fneur-15-1420391-g002.jpg
MR Tost

s e wearis 4 o

/ o

7 sopemace

od0
SNP effect on Hypothyr

odrs
geiie

060

MR Method
[—
R Egr
o .






OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Association between
hypothyroidism and obstructive
sleep apnea: a bidirectional
Mendelian randomization study
combined with the geo database












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






