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    Abstract

								
									
										Background:
									
									Obstructive sleep apnea (OSA) is a disorder with recurrent episodes of upper airway obstruction resulting in periods of apnea. Metabolic dysfunction-associated steatotic liver disease (MASLD) is a disorder where accumulation of lipids in the liver can progress to cirrhosis. While the relationship between both OSA and MASLD is explored in primary studies, a comprehensive meta-analysis is needed for quantifying this association.
								

								
									
										Methods:
									
									Systematic review was conducted across PubMed, Web of Sciences and Scopus to explore the co-occurrence of MASLD in OSA and calculate the pooled odds ratio (OR) of MASLD to OSA. Weighted mean differences (WMD) for liver enzymes between groups were calculated.
								

								
									
										Results:
									
									A statistically significant increase in risk of MASLD for individuals with OSA compared to controls was observed with an OR of 2.41 [95% CI: 1.857-3.127] for 9 studies compromising 3,433 participants. Individuals with severe OSA had higher pooled OR of MASLD compared with less severe OSA, OR= 2.68 [95% CI: 1.732-4.145] and 2.096 [95% CI: 1.511-2.907]. Significant WMD was found for both ALT and AST compared to controls, WMD = 4.006 [95% CI: 1.561-6.45] and 1.624 [95% CI: 0.855-2.393]. No differences were found regarding study region, exclusion of individuals with prior OSA diagnosis, population type, and method of MASLD detection.
								

								
									
										Conclusion:
									
									OSA was cross‑sectionally associated with higher odds of MASLD, with risk increasing by OSA severity. Those with OSA had higher liver enzymes compared to controls. These findings may highlight the need for routine screening for MASLD in individuals with OSA
								

								Keywords

								
									MASLD, MASH, OSA, Liver Enzymes, Meta-analysis, Sleep Apnea
								

								Introduction

								
									Obstructive sleep apnea (OSA) is a disorder characterized by multiple episodes of upper airway collapse during sleep [1]. Recurrent attacks of airway obstruction result in sleep interruptions, leading individuals to experience excessive daytime sleepiness, daytime dysfunction, insomnia, and morning headaches [2,3]. OSA is linked to a greater susceptibility of non-sleep-related comorbidities such as coronary artery disease, heart arrhythmias, and gastroesophageal reflux disease [4,5]. Moreover, a three-fold rise in metabolic and cardiovascular diseases occur in individuals with OSA [6].
								

								
									OSA affects about 9% to 38% population and is increasing both in prevalence and severity with rising rates of obesity [2,7]. Risk factors linked with the development of OSA include smoking, male gender, and old age [8]. OSA can be diagnosed using overnight polysomnography (PSG) by detecting at least five events of apnea or hypopnea per hour [9].
								

								
									Metabolic dysfunction-associated steatotic liver disease (MASLD), previously known as non-alcoholic fatty liver disease (NAFLD), is characterized by an abnormally excessive amounts of fats within the hepatocytes with or without alcohol intake. The spectrum of MASLD is wide, from simple fatty infiltration or steatosis to a severe inflammatory state known as metabolic dysfunction associated steatohepatitis (MASH) with worsening liver fibrosis.
								

								
									Like OSA, MASLD is related to obesity, where individuals with a severe class of obesity are at an increased risk of developing advanced liver disorders [10]. MASLD is also related to other conditions like diabetes mellitus, chronic kidney disease, cardiovascular diseases [11]. The mechanism underlying the development of MASLD is complex and partially understood. Some mechanisms describe a two-hit hypothesis where the first hit is described as an intrahepatocellular accumulation of lipids, followed by subsequent lipid peroxidation and oxidative stress forming the second hit [12]. OSA and underlying intermittent hypoxia could lead to lipid peroxidation with increased oxidative stress and development of an inflammatory state; all of this could aggravate MASLD [13].
								

								
									Thus, this study aimed to explore the co-occurrence of MASLD across all levels of severity in those diagnosed with OSA, providing comprehensive evidence about the association between OSA and MASLD. The effects of OSA on liver enzymes were also analyzed through a quantitative analytical study of the current literature.
								

								Methods

								Identification of eligible studies

								
									Three different databases were searched in a systematic way, including PubMed, Web of Science (WoS), and Scopus. A comprehensive search was developed using different combinations of words or terms related to MASLD (“Non-alcoholic Fatty Liver Disease”, “Non-alcoholic Fatty Liver”, “Non-alcoholic Fatty Liver”, NAFLD, “Non-alcoholic Steatohepatitis”, NASH, MASLD, “Metabolic dysfunction-associated steatotic liver disease”, MASH, and “Metabolic dysfunction-associated steatohepatitis”) and terms related to OSA (“Obstructive Sleep Apnea”, “Sleep Apnea”, “Obstructive Sleep Apnea Syndrome”, OSAHS, “Obstructive Sleep Apnea Hypopnea Syndrome”, and “Obstructive Hypopnea”). Moreover, relevant medical subject headings (MeSH terms) were used when searching PubMed (“Non-alcoholic Fatty Liver Disease"[Mesh], and "Sleep Apnea, Obstructive"[Mesh]). Database filtration for studies published in the English language and non-review articles was done when appropriate prior to retrieval. All studies up to the cut-off date for conducting the database searching, March 20, 2025, were collected.
								

								
									The articles collected from the three databases were combined, with duplicate articles being marked and removed using End Note software for citation management. The remaining articles were exported into an Excel spreadsheet and were further subjected to a two-stage screening process. This review protocol was preregistered on the Open Science Framework (OSF) on April 23, 2025 (https:// osf.io/up4xr). There was no external funding received for this research.
								

								Development of the inclusion criteria and exclusion criteria

								
									For a study to be regarded as appropriate extraction, it should (1) be observational in design, (2) have both an OSA group and a non-OSA group as controls, (3) provide prevalence data for MASLD in both study groups or provide an odds ratio, (4) follow objective and validated methods for the diagnosis of both MASLD and OSA, and (5) have a full text that is available in the English language. Studies were excluded if they were of inappropriate study design, such as editorials, notes, letters to editors, abstract studies, review articles, single-arm clinical trials, and book chapters. Studies were also excluded if they were not reporting sufficient data to calculate the odds ratio of MASLD in subjects suffering from OSA compared to those with no OSA. To achieve accurate estimates, studies focusing solely on MASH without addressing the wide spectrum of MASLD were not included in the analysis. The entire screening process was done considering the 2020 PRISMA flow diagram for eligibility evaluation [14].
								

								Extraction of the relevant data and quality assessment

								
									After identifying eligible articles, the following items were identified and collected: Family name (last name) of the first author, the year at which the study was published, country of study conduction, the period of study conduction, study population, method of OSA and MASLD diagnosis, and method of assessing OSA severity. For both the OSA and the control group, the total number of individuals and the number of those with MASLD were extracted. The mean and standard deviation (SD) of both ALT and AST were also recorded. For the OSA group, prevalence of MASLD across each category of severity was extracted.
								

								
									The process of quality assessment was carried out in accordance with the “Newcastle-Ottawa Scale” (NOS) for all the included studies. This inventory has eight different questions with a nine-point maximum score, as one question, comparability, is rated with two points. Studies having a summed score range of 7-9 are flagged as high-quality papers. Articles with a total score of five or six are deemed of intermediate quality. articles scoring below five are regarded as poor-quality [15].
								

Statistical analysis

								
									The pooled odds ratio (OR) of MASLD in individuals with OSA with a 95% confidence interval was calculated for all the included articles. The I2 test was utilized to measure between-study heterogeneity. Heterogeneity was classified in accordance with the I² index into four groups: insignificant for I² up to 25%, low for I² up to 50%, moderate up to 75%, and high for those greater than 75% [16]. The random effects model was utilized for all the statistical analyses as it accounts for the variability across different study populations and the potential differences in true effect across studies [17]. The random effects model was implemented using the Der Simonian-Laird method to account for between-study heterogeneity. All analyses were performed using Comprehensive Meta-Analysis (CMA) Software, version 3.0.
								

								
									A sensitivity analysis was undertaken to determine whether one study inherently impacted the overall pooled estimate. Both visual interpretation and assessment for symmetry for funnel plots and the Egger’s test p-value assessment were utilized to detect if there is an underlying publication bias. Publication bias is considered absent when the plot is visually symmetrical, and the Egger’s test reported p-value is over 0.05. For studies providing prevalence data of MASLD across different categories of OSA severity, a pooled odds ratio for MASLD in mild/moderate OSA in relation to no OSA and for MASLD in severe OSA in relation to no OSA was calculated. Pooled weighted mean difference (WMD) estimates for ALT and AST were calculated for OSA and no OSA groups. A p-value less than or equal to 0.05 was deemed as a threshold for statistical significance throughout the study.
								

								Results

								Study identification and screening

								
									Figure 1 presents the results of database searching and the two-staged screening process as presented with the PRISMA flowchart. In total, 1171 articles were identified from the three databases searched. 379 articles were identified as duplicates and were removed prior to screening, leaving a total of 792 articles eligible for the first stage of screening. 740 articles were excluded for not being related to our analysis by the end of the title and abstract screening. The full texts of the remaining 52 were retrieved and assessed against the previously mentioned criteria for inclusion and exclusion discussed in the methods section. 43 publications were removed for different reasons as illustrated in the PRISMA flowchart, resulting in a total of nine articles deemed appropriate for inclusion in the meta-analysis [18-26].
								

								Characteristics of the studies included in the analysis

								
									Table 1 shows the characteristics of the nine studies included in the meta-analysis. These nine studies included a total of 3433 individuals; 2677 had OSA diagnosed with PSG, and the remaining 756 subjects without OSA are regarded as controls. Nine studies were conducted in four different countries, with China being the most represented country by five studies, followed by Spain, India, the USA, and South Korea, with one study from each. The smallest OSA cohort was 32, as reported by Tomar, et al. while the largest was 967, as reported by Huang, et al. [19,22]. Five studies provided prevalence data of MASLD across different severities of OSA. For all the included studies, the severity of OSA is measured in accordance with the AASM criteria, whereas the cut-off values for mild, moderate, and severe OSA in accordance with the Apnea Hypopnea Index (AHI) are 5-15 events/hour, 15-30 events/hour, and >30 events/hour, respectively [27,28].
								

								
									MASLD diagnosis was a subject of variability across the studies. Four studies utilized abdominal ultrasonography for detection of MASLD; two studies utilized fatty liver index (FLI) and hepatic steatosis index (HSI), which depend on non-invasive clinical and laboratory parameters; one study used liver attenuation index (LAI), which is a CT-based assessment; and two studies used liver biopsies either alone or in alteration with US when available. Four of the nine studies excluded participants who had a previous diagnosis of OSA.
								

								
									Regarding the study population, six studies involved individuals from the general population, one study involved only older individuals (≥60 years), another study involved obese individuals to be subjected to bariatric surgery, and the remaining study was conducted on individuals with chronic liver disease. Table S1 shows the detailed results with the final score for the quality assessment for the nine included studies in accordance with the NOS scale; six articles were of high quality, while the other three articles were of intermediate quality.
								

								Pooled odds ratio estimates

								
									Figure 2 shows the pooled odds ratio (OR) for MASLD across all levels of OSA severities. As based on 2677 individual OSA and 756 controls with no OSA, the pooled OR was 2.41 [95% CI: 1.857-3.127], p < 0.0001, I
									
										2
									
									 = 34.87%. Sensitivity analysis was executed by sequentially excluding one study and observing the variations in the pooled estimates; none of the included studies significantly affected the pooled estimates (Figure S1). The potential presence of publication bias was examined using the funnel plot visual interpretation and the Egger’s test p-value. Figure 3 shows the funnel plot, which is visually symmetrical; Egger’s test p-value was 0.106, thus the absence of publication bias was confirmed. Figure 4 shows the pooled OR for MASLD in individuals with mild or moderate OSA and in individuals with severe OSA (Figure S2). The pooled OR of MAFLD in mild or moderate OSA was 2.096 [95% CI:1.511-2.907], p < 0.0001, I² = 27.97%.
								

								
									Table 2 shows the results of subgroup analysis for different categorical variables, including study region, method of MASLD diagnosis, study population, and study exclusions with a previous OSA diagnosis. The pooled OR for studies from Asia was 2.46 [95% CI: 1.79-3.39] with moderate heterogeneity, which was slightly higher than the OR pooled from two studies conducted in western countries (Spain and the USA) of 2.37 [95% CI: 1.32-4.27]; however, the difference was not statistically significant. Using conventional methods for MASLD diagnosis, including US or biopsy, showed higher pooled estimates when compared to other non-invasive methods, including HSI, FLI, and LAI (OR = 2.53 [95% CI: 1.78-3.59]) with moderate heterogeneity compared to the OR of 2.29 [95% CI: 1.40-3.76] with no heterogeneity. However, the differences did not show statistical significance. For the three studies including special populations, which were participants over 60 years, obese participants, and hepatic patients, the pooled OR was 2.73 [95% CI: 1.56-4.78]. This was not significantly higher than the pooled OR of studies involving the general population of 2.35 [95% CI: 1.70-3.23]. Four studies, excluding participants with a previous OSA diagnosis prior to PSG, had a pooled OR of 2.93 [95% CI: 1.97-4.35]. This was not significantly higher than that for studies that did not mention such a parameter (OR = 2.09 [95% CI: 1.52-2.89]).
								

Liver enzymes in relation to OSA state

								
									Seven studies provided ALT and AST levels for individuals with and without OSA. As shown in (Figure 5), the WMD for ALT was 4.006 [95% CI: 1.561-6.45], p = 0.001, I2 = 54.199%, and the WMD for AST was 1.624 [95% CI: 0.855-2.393], p < 0.0001, I2 = 0%. Figure S3 and Figure S4 show the funnel plots for ALT and AST, respectively; both were visually symmetrical. The p-value for the Egger’s test was 0.107 for ALT and 0.109 for AST. Thus, there was no strong evidence of publication bias.
								

								Discussion

								
									This meta-analysis was done to investigate the co-ocHtcurrence of MASLD in individuals with different severities of OSA. Extracted from nine studies conducted in four different countries with 2677 subjects and 756 controls, subjects with OSA had a statistically significant higher odds of having MASLD compared to controls. The odds ratio for severe OSA in relation to healthy controls was higher than that for individuals with mild or moderate OSA. Additionally, a statistically significant difference in liver enzymes, ALT and AST, was observed with higher ALT and AST values in individuals with OSA.
								

								
									The pooled OR for MASLD in relation to OSA was 2.41 with moderate heterogeneity across the studies and no publication bias was found. This association is comparable to the findings of an earlier meta-analysis in which the pooled OR for the presence of NAFLD as detected by histological or radiological methods were 2.01 and 2.99, respectively [5]. Similarly, the findings of another meta-analysis showed a significant correlation with both the development of different stages of MASLD [13].
								

								
									Prior studies have noted OSA’s link with metabolic dysfunction owing to OSA-associated chronic intermittent hypoxia and its downstream effects [29]. Physiologically, autonomic imbalance and sympathetic over activity were noted in states of chronic intermittent hypoxia which may lead to hepatic steatosis [30]. This sympathetic over activity involves an increase in cortisol and catecholamine release, thus reducing insulin sensitivity and preventing glucose uptake, leading to an increase in gluconeogenesis [31,32].
								

								
									Furthermore, increases in oxidative stress could be explained by the increase in the formation of reactive oxygen species associated with the activation of Kupffer cells in addition to the recruitment of phagocytic cells into the hepatic parenchyma [33,34]. Insulin resistance and elevated insulin levels can stimulate phosphoinositide 3-kinase, which can lead to apoptosis and hepatocellular inflammation, thus progressing from simple steatosis to steatohepatitis [35]. Also, sleep fragmentation and intermittent hypoxia results in the activation of “hypoxia inducible factors” (HIFs). Activation of these factors leads to activation of different genes that take part in the in uptake of free fatty acids, suppression of lipid synthesis, and beta-oxidation, thus leading to steatosis [36,37].
								

								
									Five of the included studies provided estimates of MASLD across different categories of OSA severity. Individuals with severe OSA had higher odds of MASLD (OR = 2.68) compared with those with mild or moderate OSA (OR = 2.096). This is comparable to a previous meta-analysis investigating the relationship between MASLD and OSA through liver enzyme parameters. When individuals with severe OSA were pooled separately from those with mild OSA, the WMD for both ALT and AST was greater [38].
								

								
									In addition to sleep fragmentation, patients with both OSA and MASLD have shorter sleep durations with delayed onset of sleep, resulting in poor sleep quality [39]. Moreover, shorter sleep durations and irregularities were found to be associated with MASLD [40]. The observed higher OR for severe OSA compared to that for mild or moderate OSA reflects a higher prevalence rate of MASLD disorders in those with severe OSA. As the OSA increases in severity, the individual is subjected to more sleep fragmentation owing to the recurrent episodes of hypoxia, which may be an important contributor to the progression of MASLD [41]. Moreover, the AHI was found to be a predictor for the occurrence of significant fibrosis in MASLD patients with OSA, resulting in an increased disease severity [42]. So, both the occurrence and severity of OSA may be linked with the severity of MASLD.
								

								
									When discussing modalities of diagnosing MASLD, liver biopsy is regarded as the most accurate method. But given its invasiveness, imaging by US is used as a non-invasive alternative [43,44]. Recent advances in CT also has enabled accurate assessment of both hepatic structure with better detection of hepatic lesions [45]. MASLD could also be diagnosed by a formula incorporating ALT, AST, body mass index (BMI), history of type II diabetes mellitus, and female sex with a cut-off value of 36 for detection [46]. Using HSI with this cut off value yielded a sensitivity of 65.8% and specificity of 54.3% [47]. FLI is calculated from an algorithm incorporating BMI, triglyceride, and gamma-glutamyl transferase levels, with a score greater than 60 for the detection of MASLD. Although this method was validated in previous studies, it was noted as a non-reliable alternative to imaging techniques [48,49].
								

								
									When grouping diagnostic modalities for MASLD a non-significant difference in the pooled OR was observed. This suggests that the diagnostic method did not significantly impact the relationship between OSA and MASLD. A subgroup analysis for studies based on whether participants had a previous OSA diagnosis was excluded. A non-significant higher pooled OR was found for studies that excluded those with a known OSA diagnosis; this may be a result of receiving previous treatments or lifestyle modifications in studies that did not exclude participants with a previous OSA diagnosis, thus reducing oxidative stress and MASLD progression and an overall positive association.
								

								
									As pooled from seven studies providing data regarding ALT and AST levels for those with and without OSA, a statistically significant WMD for both ALT and AST was found. This is comparable to the findings of a previous meta-analysis in which individuals with OSA showed a statistically significant difference in both ALT and AST values compared to controls, with the observed relationship being independent of both BMI and diabetes mellitus [50]. This is also comparable to the findings of a previous meta-analysis examining OSA in pediatric populations in which both mild and severe OSA showed a significant association with elevations in ALT and AST [37]. These observations suggest that OSA may directly contribute to liver injuries in general and MASLD without a link to other conditions like obesity and diabetes mellitus.
								

								
									Although this work provides key insights about the association between OSA and MASLD, with investigation of the alterations in liver enzymes in individuals with OSA, several limitations are evident. First, all nine studies included were retrospective or prospective cross-sectional studies; thus, the causal and temporal link between OSA and MASLD could not be assured. All included studies were of high or intermediate quality based on NOS scores, and no evidence of small-study effects was found in funnel plots or Egger’s test, supporting the robustness of the pooled results. Second, not all the included studies reported MASLD prevalence in relation to OSA severity groups. Third, the matching for all confounding factors that could affect the OR estimates like BMI, Diabetes mellitus, and sex was not explicitly present in some of the included studies. Fourth, moderate heterogeneity was reported for some of the reported estimates.
								

								
									In the light of these limitations, we recommend future researchers conduct prospective studies to observe the occurrence of MASLD in those with OSA; we also recommend providing an in-depth investigation of the potential confounding effects of coexisting diabetes mellitus or obesity on the association between OSA and MASLD. We also recommend integrating diagnostic tests for MASLD into those with OSA for earlier detection and better management of the disease before advancing into NASH and liver fibrosis. Additionally, the power of Egger’s test is limited in analyses with fewer than 10 studies, which restricts the reliability of publication bias assessment. Residual confounding from unmeasured or uncontrolled factors, particularly obesity and diabetes mellitus, may influence the observed associations, given their strong ties to both OSA and MASLD.
								

								
									In conclusion, this analysis highlighted the association between OSA and MASLD, with greater risk of MASLD as the severity of OSA increases. Significant differences in liver enzymes for OSA compared to controls were also observed. Future longitudinal studies with control of possible confounding variables are needed to confirm the independent association between OSA and MASLD. Given the increased odds of MASLD in OSA patients, clinicians may consider baseline screening for hepatic steatosis in individuals diagnosed with moderate-to-severe OSA. Non-invasive tools such as FIB-4, FLI, or HSI could be used at the time of diagnosis or follow-up visits to facilitate early detection and guide further hepatological evaluation.
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