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Aim: Emerging evidence has revealed that obstructive sleep apnea (OSA) is an independent risk factor for the development of
a variety of adverse metabolic disease states. In this study, we evaluated the association between OSA severity and metabolic
dysfunction-associated fatty liver disease (MAFLD) among Asian populations.

Materials and Methods: This was a cross-sectional, single-center study. The study cohort consisted of patients undergoing
polysomnography and abdominal ultrasonography. Logistic regression analysis was used to evaluate the independent risk factors of
MAFLD in patients with OSA.

Results: A total of 1065 patients (277 non-MAFLD and 788 MAFLD) were included in the study. The prevalence of MAFLD in non-
OSA, mild-moderate OSA, and severe OSA patients was 58.16%, 72.41%, and 78.0%, respectively (p < 0.001). We identified
significant differences in body mass index (BMI), apnea-hypopnea index (AHI), oxygen desaturation index (ODI), and lowest O,
saturation (LaSO,) between non-MAFLD and MAFLD patients (all p < 0.001). After adjusting for confounding variables, we used
multivariate regression analysis to show that BMI, ODI, and triglyceride (TG) levels independently predicted the occurrence of
MAFLD (odds ratio [OR] = 1.234, p < 0.001; OR = 1.022, p = 0.013; OR = 1.384, p = 0.001, respectively). Moreover, stratified
analysis according to BMI indicated that TG levels were the predominant risk factor for MAFLD in a group of patients with a BMI <
23 kg/m?, while BMI, ODI, TG levels, and total cholesterol (TC) were the major risk factors for MAFLD in a group of patients with
a BMI > 23 kg/m? (all p < 0.05).

Conclusion: OSA-associated chronic intermittent hypoxia was independently associated with the risk of MAFLD, especially in OSA
patients with a BMI > 23 kg/m? suggesting that oxidative stress might play an important role in the pathogenesis of MAFLD in
patients with OSA.
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Introduction

Obstructive sleep apnea (OSA) is an increasingly common disorder that is characterized by periodic collapse of the upper
airway, with consequent hypoxia or arousals during sleep. It has been reported that globally 936 million adults aged 30—
69 may have mild to severe OSA, and 425 million may have moderate to severe OSA." Evidence has shown that OSA
can contribute to the development of cardiovascular diseases, resulting in an increase in morbidity and mortality rates,
and a decrease in quality-of-life scores.”* Metabolic abnormalities (such as obesity, hyperglycemia, dyslipidemia, and
the metabolic syndrome) are associated with cardiovascular disease. OSA is strongly associated with obesity, insulin
resistance, type two diabetes (T2DM), nonalcoholic fatty liver disease (NAFLD), and other related metabolic diseases;’
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therefore, OSA may exacerbate the cardiometabolic risk associated with these metabolic abnormalities.® Lipid peroxida-
tion, induced by chronic intermittent hypoxia (CIH), results in the increased production of reactive oxygen species, which
leads to hepatic inflammation and fibrosis, resulting in nonalcoholic steatohepatitis.’

During the 2000s, evidence emerged that linked OSA severity with the development and progression of NAFLD. For
example, CIH (a hallmark of OSA) was identified as an independent risk factor in the onset and progression of NAFLD.’
The essential links between CIH and NAFLD involve insulin resistance, glucose dysregulation, dysfunction of key steps
in hepatic lipid metabolism, oxidative stress, and hepatic steatosis and fibrosis, which together indicate that metabolic
dysfunction plays a significant role in the pathogenesis of CIH-associated NAFLD.” Recently, a consensus of interna-
tional experts has proposed a change in nomenclature from NAFLD to metabolic dysfunction-associated fatty liver
disease (MAFLD), which more accurately reflects the current knowledge the association between fatty liver diseases and
metabolic dysfunction.® Their consensus statement suggests that the diagnosis of MAFLD should be based on evidence
of fat accumulation in the liver (hepatic steatosis), plus any one of the three following criteria: overweight/obesity, the
presence of T2DM, or evidence of metabolic dysregulation.”

OSA is therefore closely related to metabolic disorders and NAFLD, leading us to speculate that OSA may contribute
to the development of MAFLD. In this cross-sectional comparative study, we aimed to investigate the relationship
between MAFLD and OSA severity, and to clarify the role of OSA as a risk factor for MAFLD and the influence of
obesity in patients with these conditions.

Methods
Study Population

Patients who attended our sleep center from January 2013 to December 2020 that presented with a clinical suspicion of
sleep-disordered breathing, including snoring, sleepiness and witnessed sleep apnea, were enrolled in the study. We selected
subjects using complete abdominal imaging, then recorded their sleep symptoms, value on the Epworth sleepiness scale
(ESS), history of alcohol consumption and smoking, medical history, and current medications. Patients who were
previously diagnosed with or treated for OSA were excluded. Other exclusion criteria included: current use of hepatotoxic
drugs (including some Chinese herbal medicines or chemotherapeutic drugs); severe cardiopulmonary chronic disease
requiring hospitalization; acute inflammatory disease; or other sleep disorders such as restless leg syndrome or narcolepsy.
This study complied with the Declaration of Helsinki. It was approved by the ethics committee of the First Affiliated
Hospital of Fujian Medical University (Fuzhou, China), and all participants provided their written consent.

Anthropometric and Clinical Assessment

Body mass index (BMI) was calculated as: weight (kg; without heavy clothing) divided by the square of height (m).
Waist circumference (WC; measured midway between the lower rib margin and the iliac crest) and neck circumference
(NC; measured at mid-neck height between the mid-cervical spine to mid-anterior neck) were measured to within 1 mm.
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured by an automated sphygmomanometer
on the right arm in the sitting position after 5 minutes of rest. Blood samples were taken in the morning after a 12-hour
fast and were analyzed to measure blood glucose, liver function (including alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), total bilirubin (T. bilirubin) and gamma glutamyl transferase
(GGT)), and lipid profile (including levels of triglycerides (TG), total cholesterol (TC), high-density lipoprotein-
cholesterol (HDL-C), and low-density lipoprotein- cholesterol (LDL-C)). All biochemical parameters were measured
using the Modular P800 autoanalyzer (Roche, Tokyo, Japan). High-sensitivity C-reactive protein (hs-CRP) was analyzed
using a BNII nephelometer (Dade Behring, Deerfield, IL, USA).

Definition of MAFLD

The diagnosis of MAFLD was based on the presence of hepatic steatosis (diagnosed by ultrasound) as well as the
presence of one or more of the following symptoms: overweight/obesity (defined as having BMI > 23 kg/m?); presence
of T2DM; or evidence of metabolic dysregulation. Metabolic dysregulation was defined as the presence at least two of
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the following metabolic risk abnormalities: (A) a waist circumference > 102 cm in men or 88 cm in women; (B) blood
pressure > 130/85 mmHg or a specific drug treatment; (C) TG > 1.70 mmol/L or a specific drug treatment; (D) HDL-C <
1.0 mmol/L for men or < 1.3 mmol/L for women or a specific drug treatment; (E) pre-diabetes (defined by fasting
glucose (Glu) levels from 5.6-6.9 mmol/L, 2-hour post-load Glu levels from 7.8—11.0 mmol/L, or glycated hemoglobin
levels from 5.7-6.4%); (F) a HOMA-IR score > 2.5; or (G) hs-CRP level > 2 mg/L. Patients who did not meet these
criteria were defined as non-MAFLD.

Polysomnography Evaluation

All individuals underwent a full night (22:00 to 06:00) polysomnography testing (P Series Sleep System, Compumedics,
Melbourne, Australia) to assess the following parameters: electroencephalogram, electrooculogram, submental and
anterior tibialis electromyogram, electrocardiogram, arterial oxyhemoglobin saturation with pulse oximetry, nasal airflow,
thoracoabdominal movement, snoring, and body position. We used the American Academy of Sleep Medicine (AASM)
manual to score sleep and associated events,'” including the following indices: apnea-hypopnea index (AHI; representing
the number of episodes of apnea and hypopnea per hour of sleep); oxygen desaturation index (ODIL; 3% oxygen
desaturation index per hour of sleep); LaSO2 (lowest arterial oxyhemoglobin saturation during sleep); mean SpO2
(mean arterial oxyhemoglobin saturation during sleep); and TS90% (% sleep time in which SpO2 < 90%). Apnea was
defined as decrements in airflow > 90% from baseline for > 10s, measured using an oronasal thermal sensor. Hypopnea
was defined as a > 30% decrease in flow lasting > 10s associated with > 4% oxyhemoglobin desaturation, or as a > 50%
decrease in flow lasting > 10s associated with > 3% oxygen desaturation. Participants were classified according to their
AHI levels as non-OSA (AHI < 5/h), mild-moderate OSA (AHI from 5-30/h), or severe OSA (AHI > 30/h).

Statistical Analysis

Data were analyzed using SPSS 26.0. The sample size was determined for this study using the Power Analysis and
Sample Size (PASS) software v21.0.3. The cross-sectional study was planned to have 80% statistical power, with a two—
sided a error of 5% and B error of 20%. The proportion of MAFLD was assumed to be 60% for OSA based on our
previous research on the relationship between OSA and NAFLD.'' Based on these calculations, sample size calculation
was performed and the required sample size was 95 for each group. Normally distributed continuous variables are
presented as means with standard deviations (SD), and were analyzed using a Student’s #-test or an ANOVA test. Skewed
variables are expressed as medians with interquartile ranges (IQR), and were analyzed using the Mann—Whitney U-test or
the Kruskal-Wallis test. Categorical variables are expressed as frequencies and proportions, and differences were
assessed using the chi-square test or Fisher’s exact test to determine significance. Multivariate logistic regression was
used to identify independent risks of MAFLD. All p values were two-tailed, and the significance threshold was p < 0.05.

Results

A total of 1065 subjects, including 883 men and 182 women, were enrolled in the study, comprising 277 non-MAFLD
and 788 MAFLD patients. The mean age for all study participants was 49.79 years, and the mean BMI was 27.41 kg/m”.
When categorized into non-OSA, mild-moderate OSA, and severe OSA groups, the mean ages were 48.39 years, 51.16
years, and 49.00 years (p = 0.031) respectively, and the mean BMIs for the three groups were 25.63 kg/m?, 26.71 kg/m?,
and 28.26 kg/m* (p < 0.001).

Table 1 displays the main clinical characteristics of subjects, according to the severity of OSA. Polysomnographic
parameters, including AHI, ODI, and T90%, increased with OSA severity, while LaSO2 and average SpO2 decreased
with OSA severity (all p < 0.001). BMI, neck circumference, and waist circumference increased with OSA severity (all
p <0.001). The prevalence of MAFLD in the non-OSA, mild-moderate OSA, and severe OSA groups was 57 out of 98
(58.16%), 302 out of 417 (72.41%), and 430 out of 550 (78.0%), respectively. These differences were found to be
statistically significant (p < 0.001) (Figure 1).

As shown in Table 2, patients with MAFLD were more likely to be young, male, and tended to be heavier compared with
non-MAFLD patients (with a BMI of 25.17+ 3.38 kg/m* compared with 28.20 + 4.06 kg/m?, p < 0.001). Patients with
MAFLD also had a higher prevalence of metabolic comorbidities (diabetes, diastolic hypertension, hyperlipidemia),
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Table | Comparison of Main Clinical Characteristics of Subjects According to the Severity of OSA

Non-OSA Mild-Moderate OSA | Severe OSA p
Subjects (n) 98 417 550 -
Age, years 48.39%15.77 51.16+13.94 49.00+13.20 0.031
Male sex, number (%) 63(64.29) 338(81.06) 482(87.64) <0.001
Hypertension, number (%) 41(41.84) 225(53.96) 278(50.55) 0.084
DM, number (%) 16(16.33) 92(22.06) 91(16.54) 0.209
Hyperlipidemia, number (%) 13(13.27) 72(17.27) 135(24.55) 0.003
Current smoking, number (%) 19(19.39) 129(30.94) 205(37.27) 0.001
Drinking 9(9.18) 71(17.03) 100(18.18) 0.087
BMI (kg/m?) 25.63+4.27 26.71+£3.54 28.26+4.29 <0.001
NC (cm) 36.38+3.88 3891+4.14 40.32+3.86 <0.001
WC (cm) 91.49+12.54 96.04+11.26 100.40%12.36 <0.001
AHI (1/h) 3.39(1.83-4.20) 16.10(10.50-22.40) 53.40(40.40-66.70) | <0.001
ODI (I/h) 2.35(1.28-4.30) 10.00(6.10-16.20) 44.30(30.70-61.70) | <0.001
T90% (min/h) 0.10(0.00-0.24) 0.36(0.15-1.25) 5.52(2.11-15.54) <0.001
LaSO, (%) 88.00(84.00-90.25) | 83.00(78.00-87.00) 70.00(60.00-78.00) | <0.001
ESS score 6.13£3.95 7.25£5.10 9.91£5.57 <0.001
MAFLD, number (%) 57/98 (58.16%) 302/417(72.41%) 430/550(78.0%) <0.001

Abbreviations: OSA, Obstructive Sleep Apnea; DM, Diabetes Mellitus; BMI, Body mass index; NC, neck circumference; WC, waist
circumference; AHI, apnea-hypopnea index; ODI, oxygen desaturation index; T90%, the percentage of total sleep time spent with SpO,
<90%; LaSO,, lowest O, saturation; ESS, score Epworth Sleepiness Scale score; MAFLD, metabolic dysfunction-associated fatty liver disease.

compared with those in the non-MAFLD group (all p < 0.001). In terms of polysomnographic parameters, the MAFLD
group had a higher AHI (35.10/h compared with 24.00/h, p < 0.001) and ODI (26.45/h compared with 15.90/h, p <0.001),
and a lower LaSO2 (77% compared with 81%, p < 0.001).
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Figure | Shows the prevalence of MAFLD among patients, according to the severity of OSA.

5 2 https:

Dove!

Nature and Science of Sleep 2023:15


https://www.dovepress.com
https://www.dovepress.com

Dove

Huang et al

Table 2 Comparison of Basic Characteristics and Sleep Parameters in Patients with Non-MAFLD and MAFLD

Total Non-MAFLD MAFLD p value

Subjects (n) 1065 277 788

Age, years 49.79+13.78 52.34+14.37 48.89+13.46 <0.001
Male sex, number (%) 883(82.91) 215(77.6) 668(84.80) 0.009
Hypertension, number (%) 546(51.27) 128(46.21) 418(53.10) 0.059
DM, number (%) 199(18.69) 40(14.44) 159(20.18) 0.063
Hyperlipidemia, number (%) 220(20.66) 27(9.71) 193(24.50) <0.001
Current smoking, number (%) | 353(33.15) 76(27.44) 277(35.15) 0.018
Drinking, number (%) 180(16.90) 44(15.88) 136(17.26) 0.642
BMI (kg/m?) 27.41+4.11 25.17+3.38 28.20+4.06 <0.001
NC (cm) 39.50+4.08 37.65%3.57 40.15+4.05 <0.001
WC (cm) 97.89+12.29 91.94x11.16 99.96+11.99 <0.001
SBP (mmHg) 132.56+17.48 131.20+18.48 133.05£17.10 0.153
DBP (mmHg) 82.48+12.47 80.81+12.43 83.08+12.44 0.010
AHI (1/h) 31.10(13.78, 53.95) | 24.00(11.90, 40.70) | 35.10(14.55, 58.15) | <0.001
ODI (I/h) 22.60(8.50, 45.40) 15.45(5.60, 32.03) 26.45(9.90, 49.23) <0.001
T90% (min/h) 1.61(0.25, 6.72) 0.79(0.12, 4.02) 2.03(0.30, 8.14) <0.001
LaSO, (%) 78.00(66.00, 84.63) | 81.00(70.00, 87.00) | 77.00(65.00, 84.00) | <0.001
Mean SpO, (%) 94.00(91.00, 95.00) | 94.00(93.00, 96.00) | 94.00(91.00, 95.00) | <0.001
ESS score 8.56+5.46 8.21+5.55 8.68+5.43 0.236

Abbreviations: OSA, Obstructive Sleep Apnea; DM, Diabetes Mellitus; BMI, Body mass index; NC, neck circumference; WC, waist
circumference; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; AHI, apnea-hypopnea index; ODI, oxygen desaturation
index; T90%, the percentage of total sleep time spent with SpO,<90%; LaSO,, lowest O, saturation; ESS, score Epworth Sleepiness
Scale score; MAFLD, metabolic dysfunction-associated fatty liver disease.

Table 3 shows the metabolic and liver function parameters of non-MAFLD and MAFLD patients. MAFLD patients
typically had multiple metabolic disorders, including increased TC, TG, LDL, fasting glucose, glycated hemoglobin, and
decreased HDL-C compared with non-MAFLD patients (all p < 0.001). Additionally, the liver enzymes ALT, AST, and
GGT were present at significantly higher levels in patients in the MAFLD group (all p < 0.001). There were no

Table 3 Comparison of Biochemical Characteristics in Patients with Non-MAFLD and MAFLD

Total Non-MAFLD MAFLD p value
TC (mmol/L) 4.69+1.08 4.47+0.99 4.76x1.10 <0.001
TG (mmol/L) 1.70(1.20, 2.40) 1.30(0.90, 1.80) 1.80(1.30, 2.60) <0.001
HDL-C (mmol/L) 1.06+0.28 1.17+0.35 1.02+0.25 <0.001
LDL-C (mmol/L) 2.99(2.40, 3.63) 2.80(2.17, 3.47) 3.08(2.48, 3.69) <0.001
Fasting glucose (mmol/L) | 5.07(4.61, 5.75) 4.90(4.49, 5.41) 5.15(4.65, 5.88) <0.001
Creatinine (umol/L) 72.05+24.08 73.39+30.04 71.59+21.62 0.364
BUN (mmol/l) 5.25(4.36, 6.27) 5.33(4.40, 6.30) 5.22(4.35, 6.23) 0.324
ALP (U/ L) 70.49+24.81 70.68+25.97 70.43£24.41 0.882
GGT (mmol/L) 34.00(22.00, 55.00) | 23.00(16.00, 38.75) | 37.00 (25.00, 59.00) | <0.001
T. bilirubin (umol/L) 11.86+6.09 11.81+6.00 11.88+6.12 0.865
ALT (U/L) 27.00(19.00, 42.00) | 21.00(15.00, 30.00) | 30.00(21.00, 46.75) <0.001
AST (U/L) 22.00(18.00, 29.00) | 20.00(17.00, 25.00) | 23.00(18.00, 30.00) <0.001
Uric Acid (umol/L) 403.46+176.09 360.08+89.50 418.44£195.44 <0.001
hsCRP 1.17(0.55, 2.66) 0.64(0.33, 1.73) 1.30(0.66, 3.06) <0.001
Glycated hemoglobin 5.80(5.40, 6.60) 5.70(5.30, 6.20) 5.90(5.50, 6.70) 0.003

Abbreviations: TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density
lipoprotein-cholesterol; BUN, blood urea nitrogen; ALP, alkaline phosphatase; GGT, gamma glutamyl transferase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase, T. bilirubin total bilirubin; hsCRP, high-sensitivity C-reactive protein; MAFLD,
metabolic dysfunction-associated fatty liver disease.
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Table 4 Multivariate Logistic Regression Analysis of OSA and MAFLD

Group Independent Variable OR 95% CI p values
All BMI 1.234 1.147-1.329 <0.001
ODI 1.022 1.004-1.040 0.017
TG 1.384 1.148-1.668 0.001
BMI<23 kg/m? TG 3.808 1.333-10.878 0.013
BMI=23 kg/m* BMI 1.191 1.095-1.297 <0.001
ODI 1.020 1.001-1.039 0.043
TG 1.281 1.006—1.540 0.008
TC 1.217 1.007-1.471 0.042

Abbreviations: OSA, Obstructive Sleep Apnea; BMI, Body mass index; ODI, oxygen desaturation index;
TC, total cholesterol; TG, triglycerides; MAFLD, metabolic dysfunction-associated fatty liver disease.

statistically significant differences in terms of levels of creatinine, blood urea nitrogen, total bilirubin, and alkaline
phosphatase between the two groups.

Finally, multivariate regression analyses suggested that BMI, ODI and TG levels were independent predictors for MAFLD,
after adjusting for confounding variables (the odds ratios [OR] were 1.234, p < 0.001; 1.022, p = 0.013; and 1.384, p = 0.001,
respectively). To further understand the association between MAFLD and obesity in patients with OSA we also performed
multivariable logistic regression analyses, stratified by BMI. In the group that had a BMI < 23 kg/m?, TG levels were an
independent risk factor for MAFLD (OR = 3.808, p = 0.013), while in the group with a BMI >23 kg/m?, BMI, ODI, TG levels,
and TC were independent risk factors for MAFLD (OR = 1.191, p < 0.001; OR = 1.020, p = 0.043; OR = 1.281, p = 0.008,
respectively) (Table 4).

Discussion

The results of this cross-sectional analysis suggest that patients with a higher degree of OSA severity showed a higher
prevalence of MAFLD, and that BMI, ODI, and TG levels could be used as independent predictors for MAFLD.
Furthermore, stratified analysis according to BMI indicated that ODI was only significantly correlated with MAFLD in
patients with a BMI > 23 kg/m?, after adjusting for other confounding parameters. Therefore, this study provides key
information about the clinical significance of MAFLD in patients with established OSA.

OSA is a factor that may contribute to the development of nonalcoholic fatty liver disease (NAFLD). Studies in both
rodents and humans have suggested that OSA and CIH are involved in the pathogenesis and exacerbation of NAFLD.'*"
% OSA and NAFLD appear to share common intermediary mechanisms including insulin resistance, inflammation, and
oxidative stress, and successful treatment of OSA was shown to slow the progression of NAFLD.'? It has therefore been
proposed to screen patients with OSA for NAFLD, and NAFLD patients for OSA.'® In 2020, a panel of international
experts proposed to rename NAFLD to MAFLD,” which was considered to better emphasize the role of metabolic
dysfunction in the disease. The disease pathophysiology is closely related to metabolic syndrome, T2DM, and obesity,
and so this term may lead to a more precise recognition and comprehension of fatty liver disease, which would be
beneficial to basic research, clinical practice, and public health.® Some researchers think that OSA may in fact be
a manifestation of metabolic syndrome, because of its independent associations with each of the components of
metabolic syndrome, particularly visceral obesity, hypertension, insulin resistance and dyslipidemia.'”'® Therefore, we
considered whether OSA was associated with MAFLD. In this study, we found that the prevalence of MAFLD tended to
increase in correlation with the severity of OSA, reaching 78% in patients with severe OSA. This indicates that OSA may
promote the development of MAFLD. Recently, a study involving a cohort of patients with chronic liver disease who
underwent screening polysomnographies found that patients with MAFLD have a higher prevalence of OSA, a higher
likelihood of severe OSA, and more severe nocturnal desaturation compared with non-MAFLD patients.'® In agreement
with findings by Tomar et al,'” our study found that patients with MAFLD had higher levels of AHI and ODI, as well as
worse nocturnal desaturation parameters. We further found that ODI was an independent risk factor for MAFLD.
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Various factors contribute to the development and progression of MAFLD, including genetic background, altera-
tions of the gut microbiota, and increased insulin resistance in the adipose tissue and skeletal muscle, which affects
hepatic lipid metabolism and contributes to further hepatic fat accumulation and inflammation.”® OSA can induce
dysfunction of multiple organs, predominantly due to the repetitive occurrence of hypoxia-reoxygenation, which
results in constant low-grade inflammation, insulin resistance, sympathetic overactivity and oxidative stress.”' In
this study, we identified ODI, which is regarded as a marker of CIH, to be independently associated with MAFLD.
This suggests that CIH-dependent deleterious effects (including increased oxidative stress, inflammation, insulin
resistance, and lipid metabolism disorder) may be responsible for some aspects of the pathophysiology of MAFLD
in patients with OSA. However, it is possible that other underlying factors, such as obesity or dyslipidemia, may be
either mediators or confounders of MAFLD; therefore, we further examined the independent risk factors for MAFLD
among two patient subgroups with different BMIs. We found that neither ODI nor BMI were associated with MAFLD
in patients with a BMI < 23 kg/m” (after stratification by BMI). This might be because obese patients may tend to have
more severe OSA. A better understanding of the interaction between OSA and MAFLD is required to fully understand
the links between the two disease states, and to determine the efficacy of OSA interventions, such as CPAP treatment
and weight control, on MAFLD.

One important aspect of MAFLD progression is the pathological accumulation of triglycerides and other lipids in
hepatocytes.”? Emerging clinical research suggests that most patients with MAFLD exhibit atherogenic dyslipidemia,
characterized by high plasma triglyceride concentrations.”*** Consistent with the these data, our study also found that TG
levels were associated with MAFLD in patients with OSA, regardless of patient BMI. This suggests that lean MAFLD
patients may also undergo severe visceral fat accumulation. A study from Tang et al showed that triglycerides may also play
a causal role in the pathogenesis of OSA, due to the hydrophobic structure of the TG resulting in its aggregation and
deposition in extracellular fluids, increasing the risk of OSA even without the confounding effects of obesity. Therefore,
intervention to prevent changes in triglyceride levels may also help to reduce the risk of MAFLD and OSA.*

There are several limitations to this study. First, this study was a cross-sectional and single-center study on an
Asian population, which could not demonstrate a direct causal relationship between OSA and MAFLD. Further
well-designed, prospective, and multi-center studies investigating this possible association are therefore required.
Second, NAFLD was diagnosed using ultrasonography rather than through biopsy. However, according to new
guidelines, ultrasonography is recommended for the diagnosis of MAFLD, and has been determined to have
acceptable accuracy and to correlate with histological findings.” Third, this study did not assess the influence of
treatment of OSA on MAFLD, which would be valuable to further understand the relationship between CIH and
MAFLD. Finally, sleep duration has also been shown to be independently associated with an increased risk of
NAFLD;*® however, this study did not analyze the correlation between sleep fragmentation and liver injury.

Conclusions

In summary, our research demonstrated that the prevalence of MAFLD increased with OSA severity, and identified BMI,
ODI and TG levels as factors that may promote MAFLD in patients with OSA. Therefore, interventions such as
treatment of OSA, weight control, and the regulation of lipid metabolism could be key to reduce the risk of MAFLD
in patients with OSA, especially in those with a BMI > 23 kg/m?. Future prospective cohort studies are needed to closely
examine the risk of patients with OSA developing MAFLD.
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