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Abstract
Background
Obstructive sleep apnea (OSA) has a bidirectional association with metabolic syndrome, and insulin resistance (IR). The triglyceride-glucose (TyG) index could be a simply calculated marker of IR in OSA. However, its clinical application appears still limited. Hence, this systematic review and meta-analysis aimed to respond to this question by analyzing all the existing studies showing an association between OSA and the TyG index.

Methods
Four online databases, including PubMed, Scopus, the Web of Science, and Embase were searched for studies evaluating the TyG index in OSA. After screening and data extraction, a random-effect meta-analysis was performed to compare the TyG index in OSA patients vs. healthy controls by calculating standardized mean difference (SMD) and 95% confidence interval (CI) and pooling the area under the curves (AUCs) for diagnosis of OSA based on this index.

Results
Ten studies involving 16,726 individuals were included in the current systematic review. Meta-analysis indicated that there was a significantly higher TyG index in patients with OSA, compared with the healthy controls (SMD 0.856, 95% CI 0.579 to 1.132, P < 0.001). Also, TyG had a diagnostic ability for OSA representing a pooled AUC of 0.681 (95% CI 0.627 to 0.735). However, based on the two studies’ findings, no difference between different severities of OSA was observed. Finally, our data showed that the TyG index is a good potential predictor of adverse outcomes in these patients.

Conclusion
Our study revealed that the TyG index is an easy-to-measure marker of IR for assessing OSA, both in diagnosis and prognosis. Our study supports its implementation in routine practice to help clinicians in decision-making and patient stratification.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12944-024-02005-3.
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Introduction
As a common breathing disorder, obstructive sleep apnea (OSA) is characterized by repetitive hypopnea and apnea episodes during sleep time [1]. In 2007, the World Health Organization (WHO) reported more than 100 million subjects as affected by OSA worldwide [2]. However, recent analyses estimated that nearly 1 billion individuals aged 30–69 years worldwide could present this disorder; out of them, almost 425 million patients present with a moderate to severe disease [3]. Hence, OSA represents a rising global health problem with substantial healthcare costs, especially after studies demonstrated that OSA is a risk factor for several non-communicable diseases. Its association with cardiovascular disease (CVD) and cerebrovascular disease has been established and it has been suggested as a major independent predictor of CVD and all-cause mortality [4].
The direct impact of OSA on CVD has been related to the intimate bidirectional association between OSA and metabolic syndrome, insulin resistance (IR), obesity, and type 2 diabetes mellitus (T2DM), all mechanisms involved in CVD development and progression [5–13]. For instance, it has been suggested that OSA induces IR and alters glucose homeostasis which subsequently increases the risk of T2DM. The most likely way it can affect glucose metabolism is via intermittent hypoxia, sleep fragmentation, and sympathetic hyperactivity [13]. On the other hand, metabolic alterations can adversely influence upper airway patency and ventilatory control, which are mechanistic factors for OSA [14, 15]. Moreover, as demonstrated by preclinical studies in animal models, diabetes and IR can lead to an abnormal ventilatory response to hypoxia and hypercapnia reversible by improving insulin sensitivity [13]. In addition, as reported by Llanos et al. [16], IR could confer underlying defects in pharyngeal collapsibility, increasing OSA in obese individuals.
Knowing these facts, quantifying IR in patients with OSA is of very high importance for systemically adverse event risk prediction and therapeutic interventions’ effects monitoring [17]. Even if several methods are often used to assess IR, including the homeostatic model assessment for IR (HOMA-IR), more simple, dimensionless, low-cost tools such as the triglyceride-glucose (TyG) index have been identified and tested [17–19]. The TyG index is proven to be a valuable and reliable IR marker able to assess the CV risk, particularly heart failure, in different populations, from people with diabetes to those with coronary artery diseases [19]. Indeed, a number of studies assessed the association between TyG and OSA, demonstrating that high TyG levels are related to an increased risk of sleep disorders [20]. Despite these premises, there is still a need for determination and consolidation of the possible usage of the TyG index in clinical practice. This study systematically analyzed the possible correlation between the TyG index and OSA, identifying eventual differences in patients with OSA and controls.

Methods
Study protocol
This study’s protocol was registered in The International Prospective Register of Systematic Reviews (PROSPERO) on 15 September 2023 (ID: CRD42023460518).

Eligibility criteria
Studies were included that: (1) measured the TyG index in patients with OSA (and healthy controls): (2) evaluated the discriminatory potential of the TyG index to distinguish OSA patients from non-OSA healthy controls: (3) compared the TyG index between different severities of OSA, and (4) evaluated the ability of TyG index in predicting outcomes in OSA patients. Review articles, case reports, congress abstracts, and non-English abstracts were excluded.

Search and study selection
The systematic search was performed in four international databases including PubMed, Scopus, the Web of Science, and Embase. The exact search date for all databases was 6 September 2023. The exact queries used in each database are available in Supplementary Table 1. The EndNote software was used to merge records from each database and remove duplicates.
Two reviewers (AK and EG) used titles and abstracts to find relevant studies. Afterward, they used the articles’ full texts to assess the eligibility of studies to be included in this review. Any disagreements were resolved with the opinion of the third reviewer (ZSV). Finally, the lists of references of all included studies were assessed by two researchers (AK and ZSV) for the possibility of missing relevant studies.

Data extraction and quality assessment
A spreadsheet was designed to extract the required data from each study. Two authors (AK and EG) independently extracted data from included studies and any disagreement was resolved using the original full text. The columns in our spreadsheet were: study name (first author), publication year, conduction year, country of origin, study design (cross-sectional, cohort, etc.), sample size, mean body mass index (BMI), mean age, male percentage, mean apnea-hypopnea index (AHI), TyG levels in different groups, area under the receiver operating characteristic curve (AUC), and main findings.
Quality assessment was performed using the Newcastle Ottawa scale (NOS) [21] in three domains: selection, comparability, and outcome. Based on the NOS system, scores of > 7 were considered “high quality”.

Statistical analysis
The statistical analyses and visualizations of the analyses were performed in R version 4.2.2 (R Core Team [2021], Vienna, Austria) using the “meta” package [22]. The random effects model with the inverse variance method was used to perform the meta-analysis on the area under the curve (AUC) values. Because of the anticipated heterogeneity among the studies and the marginally different measurement techniques they employed, this model was chosen. This analysis provides a pooled AUC and corresponding confidence interval (CI) for the sum of the studies [23]. The 95% CI was used to calculate the standard error of the AUCs for use in meta-analysis. If CI was not provided, the Hanley and McNeil method was used to calculate the standard error from the AUC value and sample size [24, 25]. The bias-corrected Hedges’ g standardized mean difference (SMD) was used for comparison of the mean TyG index in patients with OSA and controls. We chose Hedges’ g as it accounts for both test and control sample sizes when determining the effect size [26]. To account for expected heterogeneity and measurement differences, the random effect model with the inverse variance method was used to pool the SMD values. Additionally, I2 and tau2 statistics were used to assess heterogeneity in both meta-analyses. To further investigate the sources of heterogeneity among the studies, univariant meta-regression was also performed.
In the case of median and interquartile range reporting, they were converted to the mean and standard deviation using methods developed by Luo et al. [27] and Wan et al. [28]. Furthermore, having an I2 value greater than 50% and a P less than 0.05 was defined as a threshold for statistical significance.


Results
Characteristics of included studies
An initial screening, using the exact queries shown in Supplementary Table 1, our search yielded 120 records, including 21 from PubMed, 24 from Embase, 32 from Web of Science, and n = 43 from Scopus. Of these, 43 studies were removed as duplicates. According to our PRISMA diagram in Fig. 1, another 37 records were identified from citation searches and websites.
[image: ]
Fig. 1The PRISMA diagram for search and study selection process


All the records (114) went through a deep screening by title/abstract and full-text, and only ten studies were included in the final analysis [18, 20, 29–36]. A total of 16,726 patients with OSA or healthy controls were involved in this review. Most studies (n = 6) were conducted in China [20, 30, 31, 34–36], while others were performed in the USA, Hungary, Romania, and Korea [18, 29, 32, 33]. The publication years of the studies were between 2014 and 2023. As shown in Supplementary Table 2, based on the NOS system, studies scored 6 or 7, indicating good quality.

Mean TyG index: differences between patients with OSA and healthy controls
Three studies compared the mean TyG index between OSA patients and healthy controls [18, 32, 33]. The studies were conducted in Korea, Hungary, and Romania and were published between 2020 and 2021. The meta-analysis yielded an SMD of 0.856 (95% CI 0.579 to 1.132, P < 0.0001, I2 = 35.7%) using the random effects model with the inverse variance method (Fig. 2). The result was derived from three mean comparisons involving 329 OSA cases and 108 healthy controls. The weighted mean age of the meta-analysis participants was 49.36, with a male ratio of 63.99%. AHI and BMI mean values were also reported, with weighted averages of 23.76 and 26.51, respectively.
[image: ]
Fig. 2Forest plot showing the random-effect meta-analysis of SMD in comparison of the OSA group vs. control group


A univariant meta-regression was used to find potential influencing factors and sources of heterogeneity between studies. No statistically significant link between sample size, mean age, male ratio, and effect size was observed in the meta-regression (Table 1). Supplementary Fig. 1 depicts the funnel plot for the SMD meta-analysis. The absence of publication bias is shown by the symmetry of the funnel plot. Furthermore, Egger’s (P = 0.345) and Begg’s (P = 0.117) tests did not reveal any evidence of publication bias among the included studies.
Table 1Univariant meta-regression results for standardized mean difference (SMD) and area under the curve (AUC) meta-analyses


	Moderator
	No. of studies
	No. of subjects
	Meta-regression slope
	95% CI
	p-value

	Univariant meta-regression for SMD

	Publication year
	3
	437
	0.239
	-0.589 to 1.067
	0.571

	Sample size
	3
	437
	-0.005
	-0.010 to 0.001
	0.078

	Mean age
	3
	437
	-0.092
	-0.659 to 0.474
	0.750

	Male ratio
	3
	437
	-1.855
	-4.756 to 1.046
	0.210

	AHI
	3
	437
	-0.022
	-0.073 to 0.028
	0.392

	BMI
	3
	437
	0.224
	-0.037 to 0.485
	0.093

	Univariant meta-regression for AUC

	Publication year
	3
	8912
	-0.032
	-0.049 to -0.015
	< 0.001

	Sample size
	3
	8912
	-0.000
	-0.000 to 0.000
	0.290

	Mean age
	3
	8912
	0.000
	-0.021 to 0.022
	0.981

	Male ratio
	3
	8912
	-0.029
	-0.225 to 0.168
	0.775

	AHI
	2
	4883
	-0.001
	-0.003 to 0.001
	0.223

	BMI
	2
	4883
	-0.016
	-0.043 to 0.010
	0.222


SMD: standardized mean difference, CI: confidence interval, AHI: apnea-hypopnea index, BMI: body mass index




Diagnostic value of the TyG index in OSA patients
Three studies reported diagnostic AUC values [20, 32, 36], with two reporting sensitivity and specificity [32, 36]. Moreover, the study by Zou et al. [36] also reported an AUC value for male and female groups separately. Therefore, four distinct diagnostic AUCs were identified. The studies were published between 2020 and 2023 and were conducted in China and South Korea. Random-effect meta-analysis yielded a pooled AUC value of 0.681 (95% CI 0.627 to 0.735, P < 0.0001, I2 = 80.4%), calculated using the random effects model with inverse variance method (Fig. 3). This value was derived from four TyG index diagnostic accuracy assessments in OSA, which involved n = 3,310 OSA cases and n = 5,602 non-OSA controls. The weighted mean age of the included participants in the meta-analysis was 44.27, with a male ratio of 66.94%. AHI and BMI values were also reported in two of the meta-analysis studies. The weighted averages for these parameters were 30.36 and 26.24, respectively.
[image: ]
Fig. 3Forest plot showing the random-effect meta-analysis of the TyG index diagnostic AUC values in OSA


As shown in Table 1, the univariant meta-regression analysis demonstrated no statistically significant relationship between sample size, mean age, male ratio, and the AUC values. The symmetry of the funnel plot shown in Supplementary Fig. 2 indicates the absence of publication bias. which was also corroborated by Egger’s (P = 0.844) and Begg’s tests (P = 0.497).

The association between the TyG index and the risk of OSA
The study by Bianchi et al. [29] evaluated whether there is any association between the levels of TyG index in 302 elderly patients with abdominal aortic aneurysm (AAA). Using the Berlin questionnaire [37], the authors divided the study population into two groups based on their risk of developing OSA: low-risk (n = 119) and high-risk (n = 183). After adjusting for age, the analyses demonstrated that the high-risk group presented with increased cardiometabolic risk, as shown by several parameters, including insulin, HBA1c, and triglyceride levels, compared to the low-risk group. In addition, a significantly higher TyG index was observed in patients at higher risk for OSA than those at lower risk (8.6 ± 0.5 vs. 8.4 ± 0.5, P = 0.002).

TyG index in different severities of OSA
Two studies compared the TyG index between different severities of the OSA [18, 34]. In this regard, Bikov et al. [18] analyzed the TyG index in 181 volunteers who met the eligibility criteria (Table 2). Of these, 132 were OSA patients who were non-obese and non-diabetic patients and were divided based on the disease severity: 43 mild, 39 moderate, and 50 severe. The remaining 49 out of the 181 volunteers were non-OSA controls. The authors found a significant difference in the TyG index between severe OSA (8.84 ± 0.49) and healthy controls (8.37 ± 0.40) (P = 0.03), demonstrating the independent association of this marker with OSA. Moreover, the results supported the ability of the TyG index to predict the disease severity. Indeed, the relationship between the worsening severity of OSA and the rise in the TyG index was significant (adjusted P = 0.04). In contrast with these findings, Pan et al. [34] reported that the TyG index was unrelated to OSA disease severity. In particular, the authors analyzed the TyG index in n = 94 non-obese men affected by OSA–hypopnea syndrome (OSAHS) divided based on disease severity: n = 49 mild to moderate and n = 45 severe. Comparing the mean TyG index between these two groups, the authors found no significant difference (mild-to-moderate OSA: 7.27 ± 0.61 vs. severe OSA: 7.31 [IQR 7.00 to 7.77], P = 0.305).
Table 2Baseline characteristics and main findings of the included studies evaluating the TyG index in OSA


	Study
	Year
	Location
	Population
	Sample size
	Mean age
	Male (%)
	AHI (%)
	BMI
(kg/m2)
	TyG index
	Main Findings

	Bianchi et al. [29]
	2014
	USA
	Elderly patients with AAA
	302
	73.4 (8.6)
	86.5
	NR
	29.6 (6.2)
	8.5 (0.5)
	Patients with higher risk of OSA had significantly higher TyG index compared to low-risk ones (8.6 ± 0.6 vs. 8.4 ± 0.5, P = 0.002)

	Bikov et al. [18]
	2021
	Hungary and Romania
	Non-obese, non-diabetic patients with symptoms suggestive for OSA
	181
	50.3 (15.7)
	60.0
	19.3 (18.2)
	25.9 (3.4)
	8.6 (0.5)
	The TyG index was significantly higher in patients with OSA compared to controls (8.72 ± 0.49 vs. 8.37 ± 0.40, P < 0.01)

	Hu et al. [30]
	2022
	China
	Hypertensive patients with OSA and without prior MI
	2224
	49.5 (10.7)
	68.5
	21.2 (17.5)
	28.4 (3.8)
	NR
	Higher TyG-WC was associated with a higher risk of first MI in patients with OSA and hypertension (P < 0.01)

	Jiang et al. [31]
	2023
	China
	Patients with OSA
	190
	55.3 (13.2)
	61.6
	41.2 (23.3)
	26.1 (3.6)
	8.9 (0.6)
	TyG index was significantly higher in OSA patients with NAFLD compared to OSA patients without NAFLD (P < 0.05)

	Kang et al. [32]
	2020
	Korea
	Patients suspected with OSA
	180
	48.6 (13.8)
	73.9
	31.6 (28.3)
	26.4 (4.1)
	8.9 (0.5)
	OSA patients had significantly higher levels of TyG index compared to non-OSA individuals (8.97 ± 0.49 vs. 8.62 ± 0.46, P < 0.001)

	Meszaros et al. [33]
	2021
	Hungary
	Patients suspected with OSA
	76
	48.9 (14.0)
	50.0
	15.8 (13.8)
	28.2 (8.0)
	8.7 (0.4)
	TyG index was significantly higher in OSA compared to non-OSA (8.92 ± 0.50 vs. 8.37 ± 0.32, P < 0.001)

	Pan et al. [34]
	2022
	China
	Non-obese men with OSA
	94
	46.6 (11.0)
	100
	31.9 (26.1)
	25.2 (2.2)
	7.3 (0.6)
	No difference was found in TyG levels between severe OSA and mild-to-moderate OSA patients (severe: 7.31 [IQR 7.00–7.77] vs. mild-to-moderate: 7.27 ± 0.61, P = 0.305)

	Pei et al. [20]
	2023
	China
	Population-based cross-sectional study
	4029
	46.7
	51.4
	NR
	NR
	8.7
	No association was found between the TyG index and OSA (adjusted OR 1.559, 95% CI 0.660 to 3.683).

	Wei et al. [35]
	2021
	China
	Patients diagnosed with OSA and non-OSA controls
	4747
	NR
	NR
	NR
	NR
	NR
	The TyG index was higher in OSA patients compared to non-OSA individuals.

	Zou et al. [36]
	2020
	China
	Patients diagnosed with OSA and non-OSA controls
	4703
	42.3 (13.1)
	80.0
	31.5 (33.3)
	26.4 (3.5)
	7.2 (0.6)
	Higher TyG levels was associated with higher odds of OSA (men: OR 2.783 [95% CI 1.933 to 4.009], women: OR 3.366 [95% CI 1.975 to 5.737], P < 0.001 for both)


TyG: triglyceride-glucose index, OSA: obstructive sleep apnea, AHI: apnea-hypopnea index, AAA: abdominal aortic aneurysms, BMI, body mass index, MI: myocardial infarction, TyG-WC: triglyceride-glucose index-waist circumference, IQR: interquartile range, OR: odds ratio




TyG index as a predictor marker for adverse outcomes in patients with OSA
Two studies measured the TyG index for the prediction of OSA outcomes [31, 35]. Jiang et al. [31] used TyG to predict nonalcoholic fatty liver disease (NAFLD) in 190 OSA patients. These authors reported that this index was significantly higher in patients with NAFLD than those without (9.13 ± 0.59 vs. 8.69 ± 0.67, P < 0.001) and concluded that the TyG index is an independent risk factor for NAFLD in patients with OSA (odds ratio [OR] 1.961, 95% CI 1.03 to 3.73, P = 0.04). Finally, the authors reported an AUC of 0.696 [95% CI 0.625 to 0.760] (cutoff = 8.72) for the TyG index in predicting NAFLD in this population. Wei et al. [35] analyzed the correlation between IR and body fat indices, including the TyG index in 3838 patients with OSA (764 normal-weight subjects and 3,074 overweight/obese subjects) and 909 non-OSA controls. The authors reported that the TyG index had a strong association with IR and had a better diagnostic capability in women with OSA than in men. Of note, this study demonstrated AUCs of 0.740 (cutoff 8.54, sensitivity 80.5%, specificity 58.0%, P < 0.001) and 0.671 (cutoff 8.99, sensitivity 55.6%, specificity 68.8%, P < 0.001) for TyG index in predicting IR in normal-weight and overweight/obese patients with OSA, respectively.

Modified TyG indices in predicting outcomes in patients with OSA
Two studies used modified TyG indices to predict outcomes in patients with OSA [30, 31]. These modified TyG index versions were calculated by multiplying the TyG index by BMI or waist circumference (WC) and have been proven to be more accurate than the TyG index alone in predicting IR. Based on this premise, Hu et al. [30] used the TyG-WC index to evaluate the association between OSA and myocardial infarction (MI) risk in their observational cohort study. The authors analyzed a population of n = 2,224 patients with hypertension and OSA, demonstrating that patients in the highest Quartiles (Q2, 3, and 4) of the baseline TyG-WC index had a greater risk of MI than those in the first quartile. Moreover, they reported that higher TyG-WC (per SD increment) was positively associated with the risk of MI in the OSA population (unadjusted: hazard ratio [HR] 1.54 [95% CI 1.37 to 1.73, P < 0.01] and adjusted: HR 1.80 [95% CI 1.49 to 2.18, P < 0.01]).
In another study, Jiang et al. [31] used the TyG-WC and TyG-BMI indices to predict NAFLD in patients with OSA. As reported, TyG-BMI and TyG-WC showed AUCs of 0.787 [95% CI 0.722 to 0.843] (cutoff = 0.36) and 0.803 [95% CI 0.739 to 0.857] (cutoff = 0.60), respectively, demonstrating that TyG-WC has the best predictive value for the risk of NAFLD in cases with OSA.


Discussion
This is the first study systematically assessing the TyG index as a surrogate IR marker in patients with OSA. The precision and comprehensiveness of our search in major databases and independent screening and data extraction processes allowed us to include ten studies and to conclude that (1) patients with OSA had higher levels of TyG index than non-OSA controls; (2) the TyG index showed an AUC of 0.68 in the diagnosis of OSA; (3) higher TyG index can predict adverse outcomes, such as MI and NAFLD in patients with OSA.
OSA is a sleep-related disorder that leads to hypoxia and is currently considered a risk factor for several conditions, including CVD, cerebrovascular disease, dementia, and metabolic syndrome [38–41]. Biomarkers of inflammation [42], endothelial dysfunction [43, 44], renal impairment [45], and cardiac fibrosis showed higher values in OSA patients [46], highlighting the association between OSA and chronic diseases. Moreover, OSA appears to be associated with such disorders in a bidirectional manner. To date, IR has been proven as a pathogenic mechanism connecting OSA to OSA-related diseases, and therefore, many attempts were targeted at finding an appropriate way to measure IR. Notably, among the methods used the TyG index has been proven to be one of the easier-to-dose and cost-effective surrogates of IR with a diagnostic and prognostic value comparable to other IR markers, such as the HOMA-IR or the hyperinsulinemic/euglycemic clamp (HEC) [19, 47, 48]. For instance, in a recent meta-analysis, we demonstrated the potential of TyG in predicting HF incidence in different populations [19]. In line with this notion, Wan and coworkers [49] showed that an augmented TyG is correlated with a higher rate of CVD and stroke incidence. Analogously, Hong et al. [50] by their study supported the utility of the TyG index in predicting dementia risk (including both Alzheimer’s disease and vascular dementia).
As the literature suggests, chronic intermittent hypoxemia is the main pathophysiological way through which OSA could affect IR [51], while sleep fragmentation and deprivation could also play roles in this regard [52]. The key mediator for this association is hypoxia-inducible factor 1 (HIF-1) [53]. However, confounding factors such as the presence of metabolic disorders and obesity should also be taken into consideration [54]. Among the included studies, the study by Bikov et al. [18] adjusted the association between TyG and OSA for BMI, however, even in lean subjects there was a correlation between BMI and TyG index. This highlights the need for adjusting for BMI when researching the association of OSA and metabolic factors. Finally, the role of genetics and epigenetic factors has high importance when interpreting the association of TyG and diseases such as OSA [55].
Our analysis supports the role of the TyG index in diagnosing OSA and the diagnostic ability of this index is comparable to that of other anthropometric indices, such as waist-to-hip ratio, WC, and BMI [56–58], or other lipid indices like the visceral adiposity index (VAI), the lipid accumulation product (LAP), or atherogenic index of plasma (AIP) [59]. Notably, as a result of our analysis, the TyG index is significantly higher in patients with OSA with an SMD of 0.86 (95% CI: 0.58–1.13), confirming the relationship between components of metabolic syndrome (triglyceride and glucose) and OSA, which has also been suggested previously [60, 61].
Our findings have several clinical implications. Other usual methods of IR assessment such as HOMA-IR which is calculated from fasting glucose and insulin levels [62], have several limitations mainly in developing countries in which insulin levels are not routinely measured [63]. Additionally, HOMA-IR has been shown to have limitations in IR evaluation in certain populations [64, 65]. In comparison, the TyG index is highly available and could be calculated from routinely performed laboratory reports [65, 66]. Our findings suggest that patients with OSA could benefit from the assessment of IR, especially through the TyG index, to the extent that it could be added to the routine clinical assessment of patients with OSA even in cases without any other metabolic risk factors.

Strengths and limitations
The current systematic review and meta-analysis study was the first to investigate the association between the TyG index as a marker of IR and OSA. We showed that there is a significant difference in this index among those with OSA and those without. The comprehensiveness of our search in four databases is another strength of our study. On the other hand, there are four main limitations that should be mentioned in this study. First, including a small number of studies with different populations analyzed might limit our findings and threaten the generalizability of the conclusions. Second, our analyses and reviews were based on observational studies, and therefore, drawing any causal relationship was not possible. Third, the effect of confounding factors such as the use of lipid-lowering medications, special diet, and menopausal status were not considered in individual studies, which could result in an inherent limitation of their pooled results. Finally, despite performing a meta-analysis on AUCs for the diagnostic ability of TyG in OSA, conduction of a meta-analysis for the sensitivity and specificity of this marker was not possible, mainly due to the low number of studies reporting them.

Conclusion
In the current study, we reviewed and analyzed the role of the TyG index as a diagnostic and prognostic marker in OSA, a condition highly associated with several other disorders, often in a bidirectional manner. Therefore, diagnosis and control of OSA in patients are of extreme importance. As discussed throughout our study, measuring IR could be a valid strategy to assess the risk of OSA and its related disorders. Significantly, along with invasive methods, such as HOMA-IR and HEC, several indirect IR indices have been developed in recent years, such as the ratio of triglycerides to high-density lipoprotein cholesterol (TG/HDLc), and the metabolic score for IR (METS‐IR) [67]. However, based on our analysis, the TyG index or its modified version, such as TyG-WC and TyG-BMI, may represent valuable biomarkers for diagnosing OSA and predicting its related complications risk. Besides, this novel insight adds an important layer to the current understanding of OSA patients’ metabolic dysregulation, indicating the potential clinical use of the TyG index as an IR metric in these patients and those at risk for OSA. Of course, future studies aiming at confirming these findings and comparing the TyG index in different severities of OSA, defined by AHI, would have high value in advancing in this field.
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