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Abstract---Background: Nonalcoholic fatty liver disease (NAFLD)
represents a growing global health concern, affecting approximately
25% of the population and serving as a precursor to severe liver
conditions such as cirrhosis and hepatocellular carcinoma. The
complexity of NAFLD is compounded by various risk factors, including
obesity, diet, type 2 diabetes mellitus (T2DM), genetic predispositions,
obstructive sleep apnea (OSA), and alterations in gut microbiota. Aim:
This article aims to provide a comprehensive overview of the risk
factors associated with the development and progression of NAFLD,

International Journal of Health Sciences E-ISSN 2550-696X © 2023.
Corresponding email: akk29337@gmail.com
Manuscript submitted: 27 Nov 2022, Manuscript revised: 01 Jan 2023, Accepted for publication: 10 Jan 2023

3698


https://doi.org/10.53730/ijhs.v7nS1.15308
mailto:akk29337@gmail.com

3699

emphasizing their interrelated roles. Methods: The literature was
reviewed, focusing on epidemiological studies, cohort analyses, and
meta-analyses that elucidate the connection between these risk
factors and NAFLD. Key databases were searched for relevant
publications, and data were synthesized to present a cohesive
understanding of the current landscape of NAFLD research. Results:
The findings underscore obesity and central obesity as significant
contributors to NAFLD, with increased body mass index (BMI) and
waist circumference directly correlating with the disease's prevalence.
Dietary factors, particularly high fructose consumption, were linked to
enhanced lipogenesis and mitochondrial dysfunction. Additionally,
T2DM was identified as a substantial independent risk factor for
hepatic fibrosis. Genetic variations, such as those in the PNPLA3
gene, further complicate the risk landscape. OSA and gut microbiome
disturbances also play critical roles in NAFLD's pathogenesis.
Conclusion: NAFLD is a multifactorial disease influenced by a
spectrum of risk factors. Effective management strategies targeting
obesity, diabetes, dietary habits, and genetic counseling are crucial for
reducing the burden of NAFLD. Future research should focus on the
interplay between these factors to develop targeted prevention and
treatment approaches.

Keywords---Nonalcoholic fatty liver disease, NAFLD, obesity, type 2
diabetes, genetics, obstructive sleep apnea, gut microbiome.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most prevalent hepatic disorder,
with an estimated global prevalence of around 25% [1,2]. NAFLD serves as an
overarching term that encompasses a range of liver conditions, including simple
steatosis (nonalcoholic fatty liver), steatohepatitis (nonalcoholic steatohepatitis,
NASH), and cirrhosis [3]. Furthermore, NAFLD is recognized as the primary
contributor to liver cirrhosis, hepatocellular carcinoma, and mortality [1].
Projections indicate that the incidence of NAFLD will continue to escalate between
2015 and 2030, leading to increased prevalence and mortality rates [4].
Specifically, the prevalence of NAFLD was approximately 25.8% across all age
groups in 2015, with expectations of rising to 28.4% by 2030. Additionally,
mortality rates among individuals with NAFLD are anticipated to rise by 23% by
2030, contributing to 13% of total deaths [5]. Patients diagnosed with NAFLD face
an elevated risk of liver-related mortality; however, cardiovascular disease
remains the predominant cause of death, presenting a 1.5-fold increased risk
[6,7]. The likelihood of developing cardiovascular disease escalates with the
severity of NAFLD (odds ratio [OR] 2.58) [8]. The incidence rate ratios for liver-
and cardiovascular disease-related mortality within the NAFLD cohort are 0.77
and 4.79 per 1,000 person-years, respectively [9]. Another significant contributor
to mortality in individuals with NAFLD is neoplasia [9-11]. The overall incidence
of cancer in patients with NAFLD is 1.3 times greater than that in control subjects
(hazard ratio: 1.32, P<0.001) [11]. Hepatocellular carcinoma, along with other
gastrointestinal malignancies such as colorectal and stomach cancer, as well as
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breast cancer in females, are the most frequently observed neoplasms associated
with the NAFLD population [9,11,12]. This discussion aims to explore the risk
factors linked to the development and progression of NAFLD.

Risk Factors:

Obesity And Central Obesity:

Obesity, characterized by an elevated body mass index (BMI), is closely linked to
nonalcoholic fatty liver disease (NAFLD) in a dose-dependent relationship, with an
approximate 20% increase in the likelihood of developing NAFLD for each unit
increase in BMI [13]. Additionally, childhood obesity is correlated with fatty liver
and heightened overall mortality [14]. Children diagnosed with NAFLD exhibit a
5.88-fold increased rate of all-cause mortality compared to the control group, with
specific hazard ratios for various causes: cancer (hazard ratio 1.67 vs. 0.07 per
1,000 person-years), cardiometabolic disease (hazard ratio 1.12 vs. 0.14 per 1,000
person-years), and liver disease (hazard ratio 0.93 vs. 0.04 per 1,000 person-
years) [14]. A retrospective cohort study has highlighted the relationship between
central obesity and nonalcoholic steatohepatitis (NASH) as well as advanced
fibrosis in lean patients with NAFLD [15]. Notably, both lean (odds ratio [OR] 5.8;
P=0.004) and overweight or obese (OR 4.2; P=0.0001) individuals with NAFLD
exhibiting central obesity (waist circumference >102 cm for men, >88 cm for
women) are significantly associated with substantial hepatic fibrosis [15]. Meta
regression analysis conducted on this cohort (n=11,400) indicated that waist
circumference influences metabolic syndrome-related factors and fasting plasma
glucose levels (slope: 1.55, P=0.14). While numerous studies emphasize the
connection between general obesity and NAFLD risk as determined by BMI,
increasing evidence points to the greater significance of central obesity—defined
by waist circumference or waist-to-hip ratio—in the progression of NAFLD [16].

Diet:

Patients with NAFLD exhibit significantly higher total caloric intake; however, no
substantial differences are observed in the consumption patterns of
macronutrients (e.g., proteins, fats, and carbohydrates) or micronutrients (e.g.,
vitamins, iron, or zinc) when compared to control groups [17]. Nonetheless,
certain dietary components, particularly saturated fats and fructose, have been
closely associated with the development of NAFLD [18]. The consumption of
fructose promotes lipogenesis while impairing mitochondrial fat oxidation,
resulting in increased wuric acid production and depletion of adenosine
triphosphate (ATP) within the mitochondria. This process initiates a cascade of
reactions that may induce oxidative stress [19,20]. Furthermore, fructose
metabolism has the potential to alter intestinal permeability and contribute to
dysbiosis, thereby playing a role in the pathogenesis of NAFLD [21]. Conversely, a
study utilizing the Rotterdam cohort conducted by Alferink et al. [22] could not
establish a definitive association between NAFLD and the consumption of
monosaccharides and disaccharides.
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Type 2 Diabetes Mellitus (T2dm):

The estimated global prevalence of NAFLD, NASH, and advanced hepatic fibrosis
among individuals with T2DM stands at 55.48%, 37.33%, and 17.02%,
respectively [23]. The presence of prediabetes or diabetes in patients with NAFLD
correlates with an increased risk of severe hepatic steatosis (OR 2.00, P<0.005),
significant lobular inflammation (OR 2.25, P<0.005), hepatic ballooning (OR 1.54,
P=0.069), and notable fibrosis (OR 1.30, P=0.45) [24]. The incidence of confirmed
NASH is significantly higher among patients with prediabetes/diabetes compared
to those with normal glucose tolerance (48.4% vs. 29.9%; P<0.001) [24,25].
Among the T2DM group, 17.9% of patients exhibited both significant and
advanced fibrosis, in contrast to 4.9% and 1.8% in the nondiabetic control group,
respectively [26]. These findings strongly indicate that T2DM serves as an
independent risk factor for hepatic fibrosis [15]. Moreover, the presence of T2DM
is identified as the most significant predictive risk factor for hepatic fibrosis, even
among lean patients with NAFLD [26].

The prevalence of nonalcoholic fatty liver disease (NAFLD) among individuals with
type 2 diabetes mellitus (T2DM) has been highlighted in various studies. In a
comprehensive analysis conducted by Younossi et al. [23] in 2019, which
included 80 studies with a total of 49,419 patients, the prevalence rates for
NAFLD, nonalcoholic steatohepatitis (NASH), and advanced fibrosis were reported
at 55.48%, 37.33%, and 17.02%, respectively. Similarly, Le et al. [27] (2019)
observed a prevalence of NAFLD at 72% in a cohort of 3,691 patients. The study
also tracked the prevalence of NASH over two distinct time periods, noting rates of
2.82% from 2003 to 2006 and 5.20% from 2011 to 2014, with advanced fibrosis
rates of 0.30% and 0.34%, respectively, during the same periods. Additionally,
Kwok et al. [28] (2016) reported a prevalence of 72.8% for NAFLD among 1,799
patients assessed using controlled attenuation parameter (CAP) measurements,
while advanced fibrosis was identified in 17.1% of the cohort assessed with liver
stiffness measurements (LSM). Collectively, these studies underscore a
significantly higher prevalence of NAFLD and its complications among patients
with T2DM compared to control groups.

Genetic Polymorphism:

The pathogenesis of nonalcoholic fatty liver disease (NAFLD) and nonalcoholic
steatohepatitis (NASH) is intricate, influenced by a range of pathogenic factors,
including adiposity, lipotoxicity, insulin resistance, and genetic variations, all
interacting synergistically [29]. One critical aspect of genetic influence is the
presence of single nucleotide polymorphisms (SNPs), which have significant
implications for disease susceptibility. Ethnic diversity and genetic predisposition
indicate that SNPs play a vital role in the pathogenesis of NAFLD [30]. Recent
advancements in genome sequencing have facilitated the identification of specific
genetic variations linked to the development of NAFLD. Notably, patatin-like
phospholipase domain-containing 3 (PNPLA3) and transmembrane 6 superfamily
member 2 are among the most prominent variants identified [30]. Additionally,
newer variants such as 17-beta hydroxysteroid dehydrogenase 13, glucokinase
regulator, and protein phosphatase 1 regulatory subunit 3B have been the focus
of recent investigations [30,31]. The 17-beta hydroxysteroid dehydrogenase 13
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variant is particularly interesting as its wild-type form is believed to offer a
protective effect against liver inflammation [30].

The rs738409 C>G SNP, which encodes the 1149M variant of PNPLA3, and the
rs58542926 C>T SNP, which encodes the E167K variant of transmembrane 6
superfamily member 2, are among the most extensively studied genetic
predispositions associated with NAFLD. Within the PNPLA3 variants, three
genotypes are identified: CC, GC, and GG. The distribution of these genotypes
varies significantly between individuals with and without NAFLD. The CC
genotype, which is the wild-type, is more prevalent in those without NAFLD
(30.8% vs. 60.2%), while the variant genotypes GC and GG are found more
frequently among NAFLD patients (43.0% vs. 35.6% and 26.2% vs. 4.2%,
respectively) [31]. Interestingly, SNPs are also linked to NAFLD pathogenesis in
lean individuals. A recent study indicated that the non-CC allele of PNPLA3 is
more frequently found in lean patients with NAFLD compared to those who are
overweight or obese [32]. Furthermore, a larger proportion of lean patients exhibit
variations in the transmembrane 6 superfamily member 2 gene SNP [15]. A
critical finding is that the PNPLA3 1148M variant is associated with an increased
risk of liver disease mortality [33].

Obstructive Sleep Apnea (OSA)

Obesity is a significant contributor to the onset of obstructive sleep apnea (OSA)
and nonalcoholic fatty liver disease (NAFLD). Moreover, OSA has the potential to
independently influence both the initiation and advancement of NAFLD [34]. A
meta-analysis encompassing 18 cross-sectional studies revealed a pooled odds
ratio (OR) of OSA correlating with the occurrence of NAFLD, ranging from 2.01 to
2.99 [35]. The emergence of NAFLD among patients suffering from OSA is closely
linked to chronic intermittent hypoxia. Cycles of hypoxia followed by
reoxygenation can directly induce fatty liver through the action of hypoxia-
inducing factor-1, while simultaneously fostering inflammatory responses in
tissues via the accumulation of free radicals and activation of NF-kB [36].
Furthermore, OSA activates the sympathetic nervous system, leading to systemic
inflammatory responses and dysfunction of vascular endothelium. This
sympathetic activation enhances platelet activity and aggregation, which can
culminate in insulin resistance, dyslipidemia, and the development of metabolic
syndrome [36].

Microbiome

The gut-liver axis describes the reciprocal relationship between the gut
microbiome and the liver, facilitated by dietary, genetic, and environmental
signals [37]. Disruption of this liver-gut axis is implicated in the pathogenesis of
NAFLD through mechanisms such as compromise of the gut barrier, bacterial
translocation, and subsequent inflammatory responses in the liver [38]. Although
the precise mechanisms or direct causative relationships linking NAFLD to
alterations in the gut microbiome remain elusive, various hypotheses are
currently under investigation. For instance, research by Martinez-Gurin et al. [39]
demonstrated that NAFLD does not arise from decreased lipid metabolism and
intestinal absorption in germ-free mice, even when subjected to a high-fat diet.
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The resistance to NAFLD observed in these germ-free mice is attributed to the
inhibition of lipid metabolism due to disrupted enteroendocrine signaling (e.g.,
cholecystokinin) and fatty acid transport mechanisms (e.g., Cd36 and Dgatl). It
was further confirmed that when high-fat diets were introduced following the
transition from germ-free conditions to general breeding environments, intestinal
fat absorption increased. These findings highlight how fat absorption is influenced
by the status of intestinal microflora.

Sarcopenia

Sarcopenia is characterized by a progressive decline in muscle mass and
strength, occurring more frequently in individuals with chronic medical
conditions such as chronic obstructive pulmonary disease, chronic kidney
disease, or NAFLD, compared to healthy populations [40-43]. The relationship
between sarcopenia and NAFLD is bidirectional [44], operating independently of
insulin resistance (IR) or obesity [41], as both conditions share overlapping
pathophysiological mechanisms [40]. Furthermore, sarcopenia is linked to poorer
clinical outcomes overall [43,45]. Skeletal muscle plays a pivotal role in glucose
metabolism, being one of the largest organs responsible for glucose utilization.
The deterioration of muscle mass, due to factors such as aging [45], nutritional
deficiencies, or sedentary lifestyles, results in reduced muscle strength and
disrupted metabolic functions. Skeletal muscle is one of the principal sites for
insulin stimulation in the body, which is often implicated as a major contributor
to IR [46]. A detrimental cycle involving local myosteatosis and muscle IR
significantly contributes to systemic inflammation and IR. This cycle, referred to
as the "metabaging cycle," encompasses dysfunction in lipid metabolism,
lipotoxicity, IR, local inflammation, and lipolysis. Proinflammatory mediators,
including interleukin-6 and tumor necrosis factor-alpha, perpetuate this cycle by
enhancing cytokine secretion, ultimately transforming localized inflammation into
a systemic problem [47]. Both IR and chronic inflammatory states are prevalent
comorbidities among NAFLD patients, along with disturbances in lipid
metabolism [48,49]. Hong et al. [40] suggested a negative correlation between
NAFLD and sarcopenia, as indicated by homeostasis model assessment of IR and
high-sensitivity C-reactive protein levels. Additionally, Koo et al. [42] found that
the incidence of sarcopenia in individuals with NAFLD was significantly greater
than in a control group (17.9% vs. 8.7%, P<0.001). The likelihood of developing
NASH and significant fibrosis in patients with sarcopenia is 2.30 and 2.05 times
greater than in the control population, respectively. The prevalence of significant
fibrosis (2F2) is notably higher in those with sarcopenia compared to those
without (OR 2.01, 45.7% vs. 24.7%; P<0.001) [42]. Furthermore, the occurrence of
Child-Pugh class C cirrhosis is more pronounced in patients with sarcopenia than
those classified as class B or A (46.7% vs. 37.9% vs. 23.3%, respectively; P=0.007)
[50]. This condition is also associated with a heightened prevalence of cirrhosis-
related complications (81.82% vs. 62.24%, P<0.001) [45]. Patients with cirrhosis
and sarcopenia exhibit significantly lower overall survival rates (relative risk 2.64)
compared to those without sarcopenia. This association extends to cirrhosis-
related complications such as ascites (relative risk of 1.82), spontaneous bacterial
peritonitis (relative risk of 3.33), hepatic encephalopathy (relative risk of 1.96),
and upper gastrointestinal varices (relative risk of 2.13) [45]. The five-year
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survival probabilities for individuals with cirrhosis and sarcopenia are markedly
lower than for those without (46.6% vs. 74.2%, P<0.001) [50].

Other Risk Factors:

Several additional risk factors contribute to the development of nonalcoholic fatty
liver disease (NAFLD). Age is a significant factor, with the risk increasing notably
in individuals over 50 years old. Additionally, sex plays a role, as males generally
face a higher risk of developing NAFLD compared to females, although
postmenopausal women also exhibit increased susceptibility. Another crucial
factor is a sedentary lifestyle; physical inactivity can lead to weight gain and
various metabolic disorders that predispose individuals to NAFLD. Dietary habits
significantly influence the risk of NAFLD as well. A high-carbohydrate diet,
particularly one rich in simple sugars, can lead to insulin resistance and fat
accumulation in the liver. Similarly, a high-fat diet containing saturated and
trans fats can promote the development of NAFLD, while a low fiber intake may
negatively impact gut health and metabolism, further contributing to the
condition. The presence of type 2 diabetes markedly increases the risk of NAFLD
due to the associated insulin resistance and metabolic dysregulation.
Furthermore, hypertension and dyslipidemia, characterized by abnormal lipid
levels such as elevated triglycerides and low HDL cholesterol, are closely linked to
NAFLD and often co-occur with metabolic syndrome. Genetic predisposition is
another important risk factor. A family history of liver disease or conditions such
as familial hypercholesterolemia can heighten an individual's likelihood of
developing NAFLD. Additionally, certain medications, including corticosteroids
and specific antiretroviral drugs, can contribute to fat accumulation in the liver,
posing a risk to those undergoing treatment. Chronic kidney disease is also
associated with NAFLD, as metabolic disturbances in these patients increase their
susceptibility to liver complications. Moreover, sleep disorders, particularly
obstructive sleep apnea, can exacerbate insulin resistance, making individuals
more prone to developing NAFLD. Finally, endocrine disorders such as
hypothyroidism and Cushing's syndrome can disrupt metabolism and further
increase the risk of fatty liver disease. Understanding these diverse risk factors is
essential for effective prevention and management strategies, highlighting the
importance of lifestyle modifications, early detection, and appropriate medical
interventions.

Conclusion

In summary, nonalcoholic fatty liver disease (NAFLD) is a complex hepatic
disorder that presents significant public health challenges worldwide. The
multifaceted nature of NAFLD is underscored by a variety of risk factors, each
contributing uniquely to its pathogenesis and progression. Obesity, particularly
central obesity, remains one of the most substantial risk factors, exhibiting a
clear dose-response relationship with NAFLD development. This correlation
emphasizes the importance of addressing obesity in NAFLD management
strategies, particularly in pediatric populations, where rising obesity rates signal
an impending increase in NAFLD cases. Dietary influences, especially the intake
of saturated fats and fructose, have been shown to exacerbate the condition
through mechanisms that promote lipogenesis and insulin resistance. The
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relationship between type 2 diabetes mellitus (T2DM) and NAFLD further
complicates the clinical picture, as T2DM patients exhibit significantly higher
rates of NAFLD and associated hepatic complications. The identification of genetic
polymorphisms, such as those in the PNPLA3 gene, enhances our understanding
of individual susceptibility to NAFLD, paving the way for personalized medicine
approaches. Additionally, conditions like obstructive sleep apnea (OSA) and
disturbances in gut microbiota introduce further layers of complexity, linking
metabolic dysfunction with hepatic disease. The interplay between these factors
highlights the necessity for an integrated approach to prevention and treatment,
considering lifestyle modifications, dietary interventions, and potential
pharmacological therapies. Overall, the increasing prevalence of NAFLD
necessitates heightened awareness and proactive measures from healthcare
providers and policymakers alike. Continued research into the mechanisms
underlying NAFLD and its risk factors is critical for developing effective public
health strategies aimed at reducing the burden of this disease and its associated
complications. Addressing these factors holistically can lead to improved
outcomes and a decrease in the rising trend of liver-related morbidity and
mortality.

References

1. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of nonalcoholic fatty liver disease-Meta-analytic assessment of
prevalence, incidence, and outcomes. Hepatology. 2016;64:73-84. doi:
10.1002/hep.28431.

2. Kim M, Yoon EL, Cho S, Lee CM, Kang BK, Park H, et al. Prevalence of
advanced hepatic fibrosis and comorbidity in metabolic dysfunction-
associated fatty liver disease in Korea. Liver Int. 2022;42:1536-1544. doi:
10.1111/1iv.15259.

3. Arrese M, Arab JP, Barrera F, Kaufmann B, Valenti L, Feldstein AE. Insights
into nonalcoholic fatty-liver disease heterogeneity. Semin Liver Dis.
2021;41:421-434. doi: 10.1055/s-0041-1730927.

4. Estes C, Chan HLY, Chien RN, Chuang WL, Fung J, Goh GB, et al. Modelling
NAFLD disease burden in four Asian regions-2019-2030. Aliment Pharmacol
Ther. 2020;51:801-811. doi: 10.1111/apt.15673.

S. Estes C, Razavi H, Loomba R, Younossi Z, Sanyal AJ. Modeling the epidemic
of nonalcoholic fatty liver disease demonstrates an exponential increase in
burden of disease. Hepatology. 2018;67:123-133. doi: 10.1002/hep.29466.

6. Younossi Z, Tacke F, Arrese M, Chander Sharma B, Mostafa I, Bugianesi E, et
al. Global perspectives on nonalcoholic fatty liver disease and nonalcoholic
steatohepatitis. Hepatology. 2019;69:2672-2682. doi: 10.1002/hep.30251.

7. Mantovani A, Csermely A, Petracca G, Beatrice G, Corey KE, Simon TG, et al.
Non-alcoholic fatty liver disease and risk of fatal and non-fatal cardiovascular
events: an updated systematic review and meta-analysis. Lancet Gastroenterol
Hepatol. 2021;6:903-913. doi: 10.1016/S2468-1253(21)00308-3.

8. Targher G, Byrne CD, Tilg H. NAFLD and increased risk of cardiovascular
disease: clinical associations, pathophysiological mechanisms and
pharmacological implications. Gut. 2020;69:1691-1705. doi: 10.1136/gutjnl-
2020-320622.



3706

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Allen AM, Hicks SB, Mara KC, Larson JJ, Therneau TM. The risk of incident
extrahepatic cancers is higher in non-alcoholic fatty liver disease than obesity
- A longitudinal cohort study. J Hepatol. 2019;71:1229-1236. doi:
10.1016/j.jhep.2019.08.018.

Simon TG, Roelstraete B, Khalili H, Hagstrom H, Ludvigsson JF. Mortality in
biopsy-confirmed nonalcoholic fatty liver disease: results from a nationwide
cohort. Gut. 2021;70:1375-1382. doi: 10.1136/gutjnl-2020-322786.

Kim GA, Lee HC, Choe J, Kim MJ, Lee MJ, Chang HS, et al. Association
between non-alcoholic fatty liver disease and cancer incidence rate. J Hepatol.
2017 Nov 2; doi: 10.1016/j.jhep.2017.09.012. doi:
10.1016/j.jhep.2017.09.012.

Mantovani A, Petracca G, Beatrice G, Csermely A, Tilg H, Byrne CD, et al.
Non-alcoholic fatty liver disease and increased risk of incident extrahepatic
cancers: a meta-analysis of observational cohort studies. Gut. 2022;71:778-
788. doi: 10.1136/gutjnl-2021-324191

Younossi ZM, Corey KE, Alkhouri N, Noureddin M, Jacobson I, Lam B, et al.
US Members of the Global Nash Council Clinical assessment for high-risk
patients with non-alcoholic fatty liver disease in primary care and diabetology
practices. Aliment Pharmacol Ther. 2020;52:513-526. doi:
10.1111/apt.15830.

Simon TG, Roelstraete B, Hartjes K, Shah U, Khalili H, Arnell H, et al. Non-
alcoholic fatty liver disease in children and young adults is associated with
increased long-term mortality. J Hepatol. 2021;75:1034-1041. doi:
10.1016/j.jhep.2021.06.034.

Fracanzani AL, Petta S, Lombardi R, Pisano G, Russello M, Consonni D, et al.
Liver and cardiovascular damage in patients with lean nonalcoholic fatty liver
disease, and association with visceral obesity. Clin Gastroenterol Hepatol.
2017;15:1604-1611. doi: 10.1016/j.cgh.2017.04.045. el.

Pang Q, Zhang JY, Song SD, Qu K, Xu XS, Liu SS, et al. Central obesity and
nonalcoholic fatty liver disease risk after adjusting for body mass index. World
J Gastroenterol. 2015;21:1650-1662. doi: 10.3748/wjg.v21.15.1650.
Tsompanaki E, Thanapirom K, Papatheodoridi M, Parikh P, Chotai de Lima Y,
Tsochatzis EA. Systematic review and metaanalysis: The role of diet in the
development of nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol.
2021 Nov 25; doi: 10.1016/j.cgh.2021.11.026. doi:
10.1016/j.cgh.2021.11.026.

Kwak JH, Jun DW, Lee SM, Cho YK, Lee KN, Lee HL, et al. Lifestyle predictors
of obese and non-obese patients with nonalcoholic fatty liver disease: A cross-
sectional study. Clin Nutr. 2018;37:1550-1557. doi:
10.1016/j.clnu.2017.08.018.

shimoto T, Lanaspa MA, Le MT, Garcia GE, Diggle CP, Maclean PS, et al.
Opposing effects of fructokinase C and A isoforms on fructose-induced
metabolic syndrome in mice. Proc Natl Acad Sci U S A. 2012;109:4320-4325.
doi: 10.1073/pnas.1119908109.

Lanaspa MA, Sanchez-Lozada LG, Choi YJ, Cicerchi C, Kanbay M, Roncal-
Jimenez CA, et al. Uric acid induces hepatic steatosis by generation of
mitochondrial oxidative stress: Potential role in fructose-dependent and -
independent fatty liver. J Biol Chem. 2012;287:40732-40744. doi:
10.1074/jbc.M112.399899.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3707

Rahman K, Desai C, Iyer SS, Thorn NE, Kumar P, Liu Y, et al. Loss of
junctional adhesion molecule a promotes severe steatohepatitis in mice on a
diet high in saturated fat, fructose, and cholesterol. Gastroenterology.
2016;151:733-746.e12. doi: 10.1053/j.gastro.2016.06.022.

Alferink LJ, Kiefte-de Jong JC, Erler NS, Veldt BJ, Schoufour JD, de Knegt
RJ, et al. Association of dietary macronutrient composition and non-alcoholic
fatty liver disease in an ageing population: The Rotterdam Study. Gut.
2019;68:1088-1098. doi: 10.1136/gutjnl-2017-315940.

Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui N, et al. The
global epidemiology of NAFLD and NASH in patients with type 2 diabetes: A
systematic review and meta-analysis. J Hepatol. 2019;71:793-801. doi:
10.1016/j.jhep.2019.06.021.

Nobili V, Mantovani A, Cianfarani S, Alisi A, Mosca A, Sartorelli MR, et al.
Prevalence of prediabetes and diabetes in children and adolescents with
biopsy-proven non-alcoholic fatty liver disease. J Hepatol. 2019;71:802-810.
doi: 10.1016/j.jhep.2019.06.023.

Kang KA, Jun DW, Kim MS, Kwon HJ, Nguyen MH. Prevalence of significant
hepatic fibrosis using magnetic resonance elastography in a health check-up
clinic population. Aliment Pharmacol Ther. 2020;51:388-396. doi:
10.1111/apt.15626.

Park H, Yoon EL, Cho S, Jun DW, Nah EH. Diabetes is the strongest risk
factor of hepatic fibrosis in lean patients with nonalcoholic fatty liver disease.
Gut. 2022;71:1035-1036. doi: 10.1136/gutjnl-2021-325102.

Le P, Chaitoff A, Rothberg MB, McCullough A, Gupta NM, Alkhouri N.
Population-based trends in prevalence of nonalcoholic fatty liver disease in US
adults with type 2 diabetes. Clin Gastroenterol Hepatol. 2019;17:2377-2378.
doi: 10.1016/j.cgh.2018.11.023.

Kwok R, Choi KC, Wong GL, Zhang Y, Chan HL, Luk AO, et al. Screening
diabetic patients for non-alcoholic fatty liver disease with controlled
attenuation parameter and liver stiffness measurements: a prospective cohort
study. Gut. 2016;65:1359-1368. doi: 10.1136/gutjnl-2015-309265

Jun DW. An analysis of polygenic risk scores for non-alcoholic fatty liver
disease. Clin Mol Hepatol. 2021;27:446-447. doi: 10.3350/cmh.2021.0133.
Trépo E, Valenti L. Update on NAFLD genetics: From new variants to the
clinic. J Hepatol. 2020;72:1196-1209. doi: 10.1016/j.jhep.2020.02.020.
Nobili V, Alisi A, Valenti L, Miele L, Feldstein AE, Alkhouri N. NAFLD in
children: New genes, new diagnostic modalities and new drugs. Nat Rev
Gastroenterol Hepatol. 2019;16:517-530. doi: 10.1038/s41575-019-0169-z
Ito T, Ishigami M, Zou B, Tanaka T, Takahashi H, Kurosaki M, et al. The
epidemiology of NAFLD and lean NAFLD in Japan: A metaanalysis with
individual and forecasting analysis, 1995-2040. Hepatol Int. 2021;15:366—
379. doi: 10.1007/s12072-021-10143-4.

Unalp-Arida A, Ruhl CE. Patatin-like phospholipase domain-containing
protein 3 1148M and liver fat and fibrosis scores predict liver disease mortality
in the U.S. population. Hepatology. 2020;71:820-834. doi:
10.1002/hep.31032

Umbro I, Fabiani V, Fabiani M, Angelico F, Del Ben M. Association between
non-alcoholic fatty liver disease and obstructive sleep apnea. World J
Gastroenterol. 2020;26:2669-2681. doi: 10.3748 /wjg.v26.i20.2669.



3708

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48

49.

Musso G, Cassader M, Olivetti C, Rosina F, Carbone G, Gambino R.
Association of obstructive sleep apnoea with the presence and severity of non-
alcoholic fatty liver disease. A systematic review and meta-analysis. Obes Rev.
2013;14:417-431. doi: 10.1111/0br.12020

Savransky V, Nanayakkara A, Vivero A, Li J, Bevans S, Smith PL, et al.
Chronic intermittent hypoxia predisposes to liver injury. Hepatology.
2007;45:1007-1013. doi: 10.1002/hep.21593.

Albillos A, de Gottardi A, Rescigno M. The gut-liver axis in liver disease:
Pathophysiological basis for therapy. J Hepatol. 2020;72:558-577. doi:
10.1016/j.jhep.2019.10.003.

Kolodziejczyk AA, Zheng D, Shibolet O, Elinav E. The role of the microbiome in
NAFLD and NASH. EMBO Mol Med. 2019;11:e9302. doi:
10.15252/emmm.201809302.

Martinez-Guryn K, Hubert N, Frazier K, Urlass S, Musch MW, Ojeda P, et al.
Small intestine microbiota regulate host digestive and absorptive adaptive
responses to dietary lipids. Cell Host Microbe. 2018;23:458-469. doi:
10.1016/j.chom.2018.03.011. e5.

Hong HC, Hwang SY, Choi HY, Yoo HJ, Seo JA, Kim SG, et al. Relationship
between sarcopenia and nonalcoholic fatty liver disease: The Korean
Sarcopenic  Obesity  Study. Hepatology. 2014;59:1772-1778.  doi:
10.1002/hep.26716.

Lee YH, Kim SU, Song K, Park JY, Kim DY, Ahn SH, et al. Sarcopenia is
associated with significant liver fibrosis independently of obesity and insulin
resistance in nonalcoholic fatty liver disease: Nationwide surveys (KNHANES
2008-2011) Hepatology. 2016;63:776-786. doi: 10.1002/hep.28376.

Koo BK, Kim D, Joo SK, Kim JH, Chang MS, Kim BG, et al. Sarcopenia is an
independent risk factor for non-alcoholic steatohepatitis and significant
fibrosis. J Hepatol. 2017;66:123-131. doi: 10.1016/j.jhep.2016.08.019.

Moon JH, Koo BK, Kim W. Non-alcoholic fatty liver disease and sarcopenia
additively increase mortality: a Korean nationwide survey. J Cachexia
Sarcopenia Muscle. 2021;12:964-972. doi: 10.1002/jcsm.12719.

Zambon Azevedo V, Silaghi CA, Maurel T, Silaghi H, Ratziu V, Pais R. Impact
of sarcopenia on the severity of the liver damage in patients with non-alcoholic
fatty liver disease. Front Nutr. 2022;8:774030. doi:
10.3389/fnut.2021.774030.

Zeng X, Shi ZW, Yu JJ, Wang LF, Luo YY, Jin SM, et al. Sarcopenia as a
prognostic predictor of liver cirrhosis: a multicentre study in China. J
Cachexia Sarcopenia Muscle. 2021;12:1948-1958. doi: 10.1002/jcsm.12797.
Merz KE, Thurmond DC. Role of skeletal muscle in insulin resistance and
glucose uptake. Compr Physiol. 2020;10:785-809. doi:
10.1002/cphy.c190029.

Li CW, Yu K, Shyh-Chang N, Jiang Z, Liu T, Ma S, et al. Pathogenesis of
sarcopenia and the relationship with fat mass: descriptive review. J Cachexia
Sarcopenia Muscle. 2022;13:781-794. doi: 10.1002/jcsm.12901

. Cotter TG, Rinella M. Nonalcoholic fatty liver disease 2020: the state of the

disease. Gastroenterology. 2020;158:1851-1864. doi:
10.1053/j.gastro.2020.01.052.

Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver disease. Lancet.
2021;397:2212-2224. doi: 10.1016/S0140-6736(20)32511-3.



3709

50. Tantai X, Liu Y, Yeo YH, Praktiknjo M, Mauro E, Hamaguchi Y, et al. Effect of
sarcopenia on survival in patients with cirrhosis: A meta-analysis. J Hepatol.
2022;76:588-599. doi: 10.1016/j.jhep.2021.11.006.



3710
el Jalge g o Aol Bylai s gall WSl yoye

HIPESIY
aag Ol 50 %25 Jls e i3 e Bulie Zlle Limie 484s (NAFLD) 580l e gaudl Ul (oye Jiay? 2eilidl
cls & Ly daaate shas Jelse o pdlay, NAFLD wiasi 2,080 WDl gllaywy Sl carls Jio 3plas 2,08 ¥l Aadde
« (OSA)gatawi¥l osill puaddl gllagil 2dlsll clslaazad) o (T2DM) Sl gaill o @ ,Sadl els (sl allaill Aol

w51 9,She § il pailly

sl Laylgal (e wSTN ae « NAFLD sy s alhg,ll sl dolse Jso alalis 3,005 @gaas J) Jall s chugd Cudl
Jalgall sia o 28Mall mags &) Lslall cMldxally chlegazmll Sy (bsll Soluhull Je 3N ae clos¥l Zanlie @32 @Gylall
Sl ol 2815l clanlazo b opaat) Sliled) ez @ Aliall @3 Slsdill e At dl Sbldl aslsd § el WNAFLD.
NAFLD.

(BMI) el alsS 50 baiiyy > « NAFLDG oty l cnealiad!) (o and 23S0 Ziaadly 2ol of ludl aSast bl
G I Ogandl (43955 8oLy «2anll 598,80l Dl Biolsy (Gldadl pllaidl telse Loy @3 .l HLadl bl Sy siaddl Jaay
oz @835z sll el Jte Al lpaall o LS Sl Cagled 1€ Jatus Hlas Jola€ T2DM syues o el ) 2809 LyuiSszll
NAFLD. c:lius § 2asol> Bloasl Gayl sladll p509,800 § obllaizdlly OSA Cali sl it oo ua23 PNPLA3

Bad! Gugad @ @laall 5yl0¥l albazslinl of shall blse (o degamay Sl dolsall sanie Uaye NAFLD juadt aastadl
Jalgall sia o delaall e Blanadl Sl 585 oF iy NAFLD. ccie Jilan) 2900 Gumdl alagills Al dall cilslally 6,8l
AU g A2dleg 4589 ol yagla!

sl peaill pllagsl el (G gl o oSl ols Aiewdl NAFLD ((Jo=SIl pe gaudl WSl (oyet &esliall olaII
celaadl 209,50 ¢ gluwd V!



