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Abstract

Nonalcoholic fatty liver disease (NAFLD) is strongly associated with sleep apnea
syndrome (SAS). Many NAFLD patients have SAS, and obstructive sleep apnea
hypopnea syndrome is also considered to be an independent risk factor for NAFLD, as
it contributes to the progression of NAFLD via oxidative stress, lipid peroxidation,
inflammation, and insulin resistance. This review aims to provide some
recommendations for the management of NAFLD patients with SAS, including diet,
exercise, weight loss, and continuous positive airway pressure. This review also

highlights the importance of effective strategies in NAFLD prevention and treatment.
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Core Tip: Nonalcoholic fatty liver disease (NAFLD) is strongly associated with sleep
apnea syndrome (SAS). This minireview presents the relationship between NAFLD and
SAS; addresses the role of obesity, insulin resistance, and oxidative stress, and
emphasizes the management of NAFLD with SAS, which mainly includes lifestyle
interventions and continuous positive airway pressure therapy. This review also

highlights the importance of effective strategies in NAFLD prevention and treatment.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is defined as hepatic steatosis greater than 5%

and excludes causes such as alcohol, viral infection and hereditary factors('l. Due to
numerous studies that have characterized the association. of NAFLD with metabolic

syndromes, such as obesity and type 2 diabetes (T2DM), an international consensus in
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2020 proposed renaming NAFLD as metabolic-associated fatty liver disease
(MAFLD)2I. NAFLD can progress into nonalcoholic steatohepatitis (NASH) with or
without fibrosis. Currently, there are two main hypotheses about the pathogenesis of
NASH. One is the “two-hit” hypothesis proposed by James and Day!®l in 1998: The first
strike is induced by insulin resistance and excessive accumulation of hepatic lipids,
while oxidative stress and inflammation are considered to compose the second strike.
As research in this field continues to advance, the “parallel multihits” hypothesis is
thought to more accurately explain the complex mechanisms of NAFLD progression,
which involves genetic and epigenetic factors, insulin resistance, endoplasmic reticulum
stress, oxidative stress, and gut dysbiosisi>51.

NAFLD patients are prong_to sleep apnea syndrome (SAS), a common respiratory
disease. It is estimated that nearly 1 billion adults aged 30-69 years worldwide have
SAS. A real-world study of uncomplicated NAFLD patients in South Korea showed that
during a median follow-up of 53 years, 1351 patients (0.4%, total 334334) were
diagnosed with SAS; among patients with a fatty liver index > 31.0, SAS occurred in
0.8% of patientsl®l. Based on the differences in their pathogenesis, SAS is broadly
categorized into three types: Obstructive sleep apnea hypopnea syndrome (OSAHS),
central SAS and mixed SAS. OSAHS is the most common type of SAS, and obesity is a
strong risk factor for OSAHS. Approximately 40% of individuals with obesity are
reported to have OSAHS, and 70% of OSAHS patients have obesityl’l. The etiology of
OSAHS is complex, with the main causes including anatomical narrowing of the upper
airway and local soft tissue collapse. Obesity exacerbates upper respiratory obstruction
due to compression of the pharyngeal cavity and airway by neck fat®?l. It has been
reported that central obesity and neck circumference thickening are significantly and
positively associated with the apnea hypoventilation index (AHI), and the AHI is also
positively associated with insulin resistance(l?). In addition, the incidence of metabolic
syndrome is elevated in patients with OSAHS compared to non-OSAHS; in particular,
components of metabolic syndrome, such as T2DM, obesity, and dyslipidemia, are

more strongly associated with OSAHSI'!l. A German observational cohort study also
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found a higher incidence of hepatic steatosis in patients with moderate-to-severe
OSAHS, and the assessment of a snoring index may help to identify the risks of
associated liver disease in OSAHS patients/'2l. More importantly, a previous meta-
analysis found that OSAHS is associated with an increased risk of advanced fibrosis in
NAFLD patients, independent of age, sex and body mass index (BMI)['3l. Another
Italian observational cohort study suggested that evaluating the mean oxyhemoglobin
percentage in obese patients with OSAHS is of great clinical value in identifying the
risks of NAFLD progressionl. However, because comorbidities coexist and are
independently associated with systemic inflammation, it is very difficult to clarify the
effects of OSAHS on the development and progression of NAFLDI!516l. The exact
mechanisms of NAFLD and SAS are still largely unknown, but some biological

processes are considered to be integrated in NAFLD patients with SAS.

Hypoxia and oxidative stress
Lipid accumulation and subsequent oxidative stress in the liver are considered the
initial causes of NAFLD progression and the development of NASH. The accumulation
of free fatty acids in hepatocytes due to insulin resistance, increased de novo lipogenesis
or excessive lipid uptake from dietary sources can disrupt the mitochondrial
microstructure, leading to impaired fatty acid p-oxidation and the production of
reactive oxygen species (ROS)[718]. Overwhelmed ROS can trigger oxidative stress,
which is a stressful state involving an imbalance between oxidative and antioxidant
actions, usually due to excess ROS interfering with endogenous antioxidant defense
systeml5l. Oxidative stress can exacerbate lipid accumulation in hepatocytes, disrupt the
structure and function of mitochondria; activate Kupffer cells; and promote the release
of inflammatory factors such as tumor necrosis factor-alpha, interleukin (IL)-6, and IL-8,
thereby exacerbating the inflammatory response of hepatocytes(19l.

OSAHS is characterized by chronic intermittent hypoxia (CIH) that occurs at night,
and prolonged CIH can lead to tissue hypoxia and promote oxidative stress, lipid

peroxidation, and systemic inflammation. The disturbed lipid metabolism and excessive
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oxidative stress in the liver during NAFLD progression may further affect OSAHS.
Accordingly, the combination of OSAHS aggravates hepatic impairment, promotes
lipid metabolism disorder and increases insulin resistance in patients with NAFLDI20-22],
This was also demonstrated by the positive correlation between the severity of CIH in
OSAHS patients and the severity of liver fibrosis measured by liver elastography(2l.
Evidence from clinical investigations suggests an increased incidence of NAFLD in
patients with OSAHS even in the absence of obesity or metabolic syndrome, while the
severity of NAFLD is parallelly associated with the severity of OSAHS in NAFLD
patients with OSAHSI24]. More importantly, even in children with NAFLD, nocturnal
hypoxia-induced oxidative stress promotes disease progression(23l. In addition, patients
with OSAHS are at risk of hypoxemia and even hypercapnia due to the collapse of the
pharynx during sleep, resulting in upper airway obstruction and airflow restriction, as
well as respiratory distress and even interruption of breathing, leading to a decrease in
oxygen saturation.

CIH, insulin resistance and disorders of lipid metabolism caused by OSAHS may
exacerbate NAFLD in patients with obesity and lead to an increased risk of NASH and
more serious diseasesl2627l. It has been reported that polymorphisms of
proinflammatory cytokine genes including the highly sensitiveﬂ}reactive protein, IL-6
and leptin receptor genes are associated with increased risk of OSA and NAFLD in
Asian Indians/#l. Moreover, Asian Indian subjects carrying the Gly972Arg
polymorphism of insulin receptor substrate 1 are predisposed to developing OSA and
NAFLD®I. However, as mentioned previously, we do not yet fully understand the
association between OSAHS and NAFLD. Current evidence suggests that OSAHS-
related CIH triggers excessive lipolysis, manifesting as an increase in plasma free fatty
acids[331], Excessive free fatty acids lead to ectopic fat accumulation, insulin resistance,
vascular dysfunction and dyslipidemialP2®l, which may be one of the mechanisms by
which OSAHS promotes the progression of NAFLDI3. Furthermore, CIH has also been

hypothesized to promote oxidative stress through increased ROS production and
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angiogenesis, increased sympathetic activation with elevated blood pressure, and

systemic and vascular inflammation with endothelial dysfunctionl35l.

Diagnosis

The diagnosis of NAFLD is primarily an exclusionary diagnosis, which is different from
the diagnostic criteria for MAFLD, Secondary causes of hepatic steatosis and causes of
liver complications due to other diseases must be excluded to make the diagnosis of
NAFLD, including alcohol and drug use, hepatic viral infections and autoimmune liver
diseases, Wilson's disease and lipodystrophy('?¢37l. Currently, the gold standard for
NAFLD diagnosis (e.g., assessment of steatosis, steatohepatitis and the stage of liver
fibrosis) remains liver biopsy and histological staining; however, it is inappropriate to
routinely perform liver biopsy; because it is invasive and may pose a risk of
complications, sampling errors and expert interpretation inconsistencies. Therefore,
many noninvasive assessment and clinical scoring systems are used to diagnose and
assess the degree of steatosis and fibrosis in patients with NAFLD. For example,
abdominal ultrasonography, as a noninvasive and convenient method, and controlled
attenuation parameter measurement based on transient elastography for
ultrasonography attenuation are commonly used to detect the extent of liver
steatosisl®l. Magnetic resonance imaging (MRI) is also applied in the noninvasive
diagnosis and grading of NAFLD, and is considered to be efficient in quantifying liver
fat, stiffness, and visceral adipose tissuel®’l. The further developed MRI-proton density
fat fraction and proton magnetic resonance spectroscopy are reported to be more
concise technologies for NAFLD diagnosis/4?l. Furthermore, hepatologists from the
American Gastroenterology Association and Chronic Liver Disease Foundation
summarized several commonly used noninvasive scoresl*!l. Among them, the fibrosis-4
index is the most widely studied and preferred simple noninvasive algorithm and it is
used to evaluate the degree of liver fibrosis based on age and levels of platelet, aspartate

aminotransferase (AST) and alanine aminotransferase (ALT)H2l.
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Treatment

The recommended treatment for NAFLD focuses on lifestyle interventions, including
dieting, exercise, weight loss, and promotion of energy expenditure. In 2020, the Asia
Pacific Association for the Study of the Liver proposed clinical practice guidelines for
NAFLD. This guideline points out that conservative management of lifestyle changes
remains the best choice for the treatment of NAFLDI*’], Notably, when NAFLD patients
are combined with SAS, supplemental treatment with continuous positive airway
pressure (CPAP) is the most appropriate approach. CPAP therapy has been reported to
help improve sleep apnea and hypoventilation, as well as stabilize or delay the
progression of NAFLDI?4. Inflammation, a hypoxic environment and oxidative stress
are key pathogenic mechanisms in patients with NAFLD and OSAHS. Therefore,
antioxidants such as vitamin E may be effective, and anti-obesity medications have also
shown considerable potential in the treatment of NAFLD and OSAHSI##l. The
glucagon-like peptide-1 receptor agonist, liraglutide and semaglutide may improve
AHI and protect against NASH and obesity, especially in relation to T2DMUE546].
Notably, liraglutide at a dose of 3 mg is well tolerated and is effective at improving

NAFLD and OSAHSI4748],

Diet

A reasonable dietary structure and appropriate dietary intake are beneficial for obesity,
especially for NAFLD patients with OSAHS. Severely obese patients with NAFLD
should strictly limit calorice intake, and if necessary, scientific recipes should be
prescribed by nutritional experts to help alter the metabolic pattern. A Mediterranean
diet is recommended for patients with NAFLD and NASH. Based on high amounts of
monounsaturated fatty acids derived from olive oil, fruits, grains, whole grains and
low-fat dairy products, the Mediterranean dietary pattern can reduce the incidence of
metabolic syndrome, obesity, T2DM and cardiovascular disease, as well as certain
cancersl#-51l. Remarkably, the Mediterranean diet may potentially counteract the

inflammation and oxidative stress that occur in OSAHS and improve upper-airway

7/11




neuromuscular control and muscle force-generating capacity!®2l. In an interdisciplinary
weight loss and lifestyle intervention trial, participants who adhered to the
Mediterranean diet demonstrated greater weight loss as well as more significant
improvement in OSAHSI.

In addition, the diversity of foods should be increased for patients with NAFLD, and
the foods need to be enriched for antioxidants and high-quality proteins, which can
contribute to NAFLD and OSAHS improvement. However, NAFLD patients should
reduce the consumption of specific foods, including red meat and overprocessed
foodsl54l. Moderate coffee consumption is allowed for NAFLD patients, but the intake of
alcohol, fructose and sugar-containing drinks should be avoided because alcohol or
sugar consumption can increase lipid synthesis, visceral fat accumulation and insulin

resistance, and increase the risk of liver fibrosis in patients with NAFLD.

Exercise

Exercise is beneficial for NAFLD and SAS. Previous studies have shown that sedentary
and reduced physical activity is associated with the progression of NAFLD and the
development of moderate to severe OSAHSI55561, There is growing evidence showing
that aerobic exercise training is beneficial for patients with SASI7l. Active physical
activity may reduce body weight, improve blood circulation, contribute to sleep quality
and address excessive daytime sleepiness. Therefore, regular exercise facilitates weight
loss and improves NAFLD and associated complicationsl55°. The recommended
minimum level of exercise is 5 d per week (> 30 min each day) of moderate intensity

aerobic exercise or 3 d per week (> 20 min each day) of vigorous exercise.

Metabolic bariatric surgery

For NAFLD patients with severe obesity, weight loss is very difficult due to their large
weight base and may require metabolic bariatric surgery (MBS) intervention. Over the
past few decades, MBS has evolved from the simple gastric volume-limiting procedure

laparoscopic adjustable gastric banding to surgical options with hormonal effects,
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a
including vertical sleeve gastrectomy (VSG) and Roux-en-Y gastric bypass (RYGB), both

of which induce appetite changes by modulating intestinal and central hormones,
thereby reducing food consumption and increasing satietyl®°l. Usually, MBS is the most
effective treatment for obesity and often results in dramatic improvements in glycemic
control, insulin resistance and NAFLDI6162],

SAS is also one of the comorbidities with the greatest response rate to MBS. The 6"
IFSO Global Registry Report shows that MBS leads to a reduction of SAS ranging from
58-65%, depending on the type of operation (LSG, RYGB, OAGB). Evidence from
clinical studies has confirmed the efficacy of MBS for patients with obesity and
OSAHSIe64. A retrospective study comparing the effect of VSG and RYGB on weight
loss and their comorbidity remission also showed that both MBSs are effective in
improving OSAHS symptomsl®l. Most surprisingly, in a study observing the effect of
VSG in patients with a BMI = 50 kg/m?, complete remission was observed in all 13
patients with comorbid OSAHSI%]. MBS can effectively improve sleep apnea and
nocturnal hypoxia, as well as hepatic steatosis and fibrosisl®768. More importantly, the
severity of OSAHS determines the risk of NAFLD before MBS, and after surgery, it also

determines the improvement of NAFLDI®7].

CPAP

CPAP is the first-line recommendation for the treatment of OSAHS. For NAFLD
patients with OSAHS, early intervention is even more important. Additionally, for
obesity and OSAHS patients scheduled for MBS, guidelines recommend preoperative
CPAP for at least 4 wkie?l. CPAP acts in multiple pathways to prevent airway collapse,
reduce pharyngeal edema and upper airway resistance, increase the action of upper
airway opening muscles through vagal reflexes, and restore chemoreceptor sensitivity
and respiratory center drive. CPAP treatment has been reported to significantly reduce
sleep apnea and hypoventilation in patients with OSAHS, improve quality of life;
reduce daytime sleepiness, and decrease the occurrence of hypertension, diabetes,

cardiovascular and cerebrovascular complications?l. This may be because CPAP
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treatment reduces markers of oxidative stress and thus improves metabolic
syndromel7ll. In addition, a randomized controlled trial showed that patients with
OSAHS had increased markers of liver injury and atherogenic risk72, whereas CPAP
treatment helped stabilize or delay the progression of NAFLD and demonstrated
improvements in metabolic and cardiovascular function/?!l. A meta-analysis of 192
obesity patients combined with OSAHS showed a significant reduction in serum AST
and ALT levels after CPAP treatment for 3 mol?l Another meta-analysis of six
randomized controlled trials involving 699 subjects also showed that CPAP treatment
reduces total cholesterol and triacylglycerol levelsl7d. More importantly, CPAP
treatment of patients with OSAHS significantly reduces serum inflammatory markers,
including CRP and tumor necrosis factor alphal”™l. More interestingly, in another
randomized controlled trial, Sundaram et all76l found that CPAP treatment reverses the
parameters of liver injury, reduces oxidative stress in children with NAFLD can also be
used to predict NAFLD progression in obese children with OSAHS.

Although these reports point to a beneficial effect of CPAP on NAFLD-associated
parameters7747778] - ghort-term (usually 4-12 wk) CPAP treatment may not be as
effectivel7279.80]. The most significant result of CPAP treatment is a case report published
in 2018 that reported the reversal of NAFLD and the normalization of liver enzymes
and the associated lipidome in a patient with both NAFLD and severe OSAHS after 6
years of treatmentl8ll. In addition, long-term follow-up data based on a Taiwanese
population also showed a lower cumulative incidence of NAFLD and cirrhosis in
CPAP-treated patients than in nontreated patients!s2l.

Therefore, the beneficial effects of short-term CPAP therapy on OSAHS and NAFLD
may be elusive, and although long-term and effective CPAP treatment can show
significant improvements in both OSAHS and NAFLD, most patients are not amenable
to long-term oral and nasal mask therapy. In addition, CPAP therapy is not yet

commonly used due to the high cost of the device.

CONCLUSION
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Obesity is a high-risk factor for NAFLD and SAS. Most patients living with obesity and
metabolic syndrome are prone to SAS, and the severity of disease in patients with SAS
is significantly associated with NAFLD progression. It is important to note that, even in
nonobese patients, there is a relationship between NAFLD progression and SAS
severity. SAS is usually one of the complications of NAFLD. However, at present, we
can only confirm that lipid disorders, hypoxia, oxidative stress, and inflammation are
involved, and a deeper understanding of the pathogenesis remains unclear. More in-
depth studies are needed to elucidate the causal relationship between them. More
importantly, an understanding of the pathogenesis will help us to develop more
individualized treatment plans.

Collectively, healthy lifestyle management remains the most important strategy for
the treatment of NAFLD, including diet, exercise and weight loss. Furthermore, the use
of antioxidants such as vitamin E and the insulin-sensitizing drug pioglitazone is also
necessary. It needs to be emphasized again that timely CPAP intervention is also
important for NAFLD patients with SAS. We have summarized our recommendations
for NAFLD combined with SAS management in Figure 1, and the improvements in SAS
and NAFLD after intervention with lifestyle measures, medications and MBS are

summarized in Table 1.
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