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Abstract 

Non-alcoholic fatty liver disease (NAFLD) is a spectrum of liver disorders characterized by excessive fat accumulation in the liver, affecting 

individuals without significant alcohol consumption. It ranges from isolated steatosis (NAFL) to non-alcoholic steatohepatitis (NASH), which 
may progress to cirrhosis and hepatocellular carcinoma (HCC). NAFLD is closely associated with metabolic syndrome, including obesity, type 

2 diabetes, and dyslipidemia, increasing cardiovascular risk. Diagnosis relies on imaging modalities such as ultrasound, MRI, and CT, though 

liver biopsy remains the gold standard for assessing NASH. Pathogenesis involves insulin resistance, oxidative stress, and inflammatory 

pathways. Management focuses on lifestyle modifications like weight loss and exercise, which have proven effective in reducing liver fat and 
improving metabolic health. Pharmacological treatments, including pioglitazone and vitamin E, are reserved for patients with confirmed 

NASH, while emerging therapies like GLP-1 agonists show promise. Comprehensive management of metabolic risk factors is crucial in 

mitigating the disease's progression and associated comorbidities. Despite advancements, further research is needed to clarify the natural 

history of NAFLD and optimize therapeutic strategies. 
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Introduction 
 

 The term "non-alcoholic fatty liver disease" (NAFLD) was first introduced by Schaffner in 1986 (Han et al., 2023). It is defined by an 

excessive accumulation of fat in the liver, often associated with insulin resistance, and is identified histologically when more than 5% of 
hepatocytes show steatosis (Cobbina & Akhlaghi, 2017). The annual prevalence of NAFLD, based on abdominal ultrasound, is around 48.2 cases 

per 1,000 persons (range: 13.4–77.7). Using the index of hepatic steatosis, it is approximately 21.1 cases per 1,000 people per year. NAFLD is a 

histological continuum that starts with isolated steatosis, sometimes referred to as non-alcoholic fatty liver (NAFL), and advances to cirrhosis, 

hepatocellular carcinoma (HCC), and non-alcoholic steatohepatitis (NASH) (Chang et al., 2016; Kang et al., 2021). Hepatocyte fat buildup, 

lobular inflammation, and ballooning degeneration of these cells are characteristics of NASH. While NASH was acknowledged as a more severe 
variant linked to an elevated risk of liver-related problems and mortality from both liver-related and non-liver causes, NAFL was traditionally 

thought to be a benign illness (Bence & Birnbaum, 2021).The degree of steatosis and the stage of fibrosis can be assessed non-invasively. 

Ultrasonography is less successful in detecting lower grades of fat accumulation, but it is quite sensitive and specific for diagnosing moderate 

to severe steatosis (Karanjia et al., 2016). Shear wave and transient elastography are non-invasive methods for determining the stage of 
fibrosis(Barr et al., 2015). While magnetic resonance elastography (MRE) shows potential for fibrosis assessment, magnetic resonance imaging 

(MRI) offers precise quantification of steatosis (Ozturk et al., 2023). In contrast, liver biopsy is necessary for a conclusive diagnosis of 

steatohepatitis due to the necro inflammatory alterations, notably lobular inflammation and ballooning. We still do not fully understand how 

NAFLD develops naturally. Prior research frequently used small, carefully chosen patient groups with varying follow-up periods those with 
histologically diagnosed NAFLD who were referred to specialized tertiary care facilities (Neuberger et al., 2020). It is unclear whether the 

morbidity rates documented in previous research can be general to community-based exercise, where patients may present with milder disease, 

because there are yet insufficient studies on population-based to determine the long-term prognosis of NAFLD (Benedict & Zhang, 2017). A 

thorough grasp of NAFLD and its effects on health is the objective of this chapter. It examines the main risk factors that lead to NAFLD, such 

as genetic predisposition, lifestyle factors, and metabolic abnormalities. In order to decrease the impact of NAFLD on public health, the chapter 
also covers diagnostic approaches and efficient management strategies, such as pharmaceutical interventions, lifestyle changes, and new 

therapeutic choices. 
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Fig. 1: Non-alcoholic fatty liver disease 

progresses through several stages. It begins 
with non-alcoholic fatty liver, marked by 

the accumulation of fat in otherwise 

healthy liver cells. Without intervention, 

NAFL can advance to a more serious 
condition known as non-alcoholic 

steatohepatitis, which involves not only fat 

buildup but also liver inflammation and 

fibrosis. As NASH progresses, it can lead to 
cirrhosis and, in severe cases, 

hepatocellular carcinoma (Guo et al., 

2022). 

 
Traditional Definition and Classifications 

 NASH, NAFL, and NASH-related cirrhosis are all included in the general term non-alcoholic fatty liver disease. The inflammatory subtype 

of NAFLD, known as NASH, is characterized by inflammation, perhaps accompanied by fibrosis, steatosis, and ballooning of the liver cells 

(Savari & Mard, 2024). According to the American Association for the Study of Liver Diseases' (AASLD) 2018 guidelines, NAFLD biopsies should 

be categorized into three severity ratings: NAFL, NAFL with inflammation, and NASH. Although they are not intended for diagnosis, scoring 
systems like the NAFLD Activity Score (NAS) are used to monitor histological changes in NAFLD, particularly in drug studies. Scores for 

steatosis, inflammation, and ballooning are added by NAS, which has a range of 0 to 8. Studies have demonstrated that NAS levels (e.g., NAS 

≥5) can misclassify patients even though they potentially correlate with NASH. NAS should therefore be utilized with caution and not just as a 

diagnostic tool (Chalasani et al., 2018). 
 

Non-alcoholic fatty liver (simple steatosis) 

 The hallmark of NAFL is hepatocellular steatosis, or the buildup of fat in the liver cells; a steatosis level of more than 5% is necessary for 

diagnosis. It may be micro vesicular or macro vesicular, which is typical in NAFLD (Benedict & Zhang, 2017). Once thought to be benign, NAFL 
is now thought to have the potential to advance, with fibrosis occurring in about 25% of cases. Nearly 64% of patients with simple steatosis 

may develop NASH within a few years, according to studies. Inflammation and fibrosis are frequently correlated with the severity of steatosis. 

Even in simple situations, follow-up is advised because fibrosis development is seen in about 30–40% of NAFL patients (Friedman et al., 2018). 

For individuals without metabolic concerns, the European Association for the Study of the Liver (EASL) recommends monitoring for two to 

three years. Although there is disagreement over surveillance for higher-risk NAFL patients, risk factors for advancement include diabetes, 
high blood pressure, low AST/ALT ratio, and liver damage from alcohol, toxins or other disorders (Thursz et al., 2018). 

 

Non-alcoholic steatohepatitis without fibrosis 

 Chronic liver inflammation is a feature of NASH, which was first detected in 1980. It is thought to be very varied, particularly depending 
on the presence of fibrosis. Although histological diagnosis is uncommon, hepatocellular ballooning, lobular inflammation, and steatosis must 

be confirmed by biopsy in order to diagnose NASH, which makes estimating prevalence challenging. Older age, Hispanic ethnicity, and 

metabolic illnesses (such as diabetes, obesity, and hypertension) are risk factors for progression. NAS, Fibrosis-4 index, APRI, ELF panel, and 

elastography procedures are examples of diagnostic instruments (Pu et al., 2024).  
 

Non-alcoholic steatohepatitis with fibrosis 

 Fibrosis usually starts as perisinusoidal or pericellular fibrosis in zone 3 of NASH and develops into more complex forms such as portal, 

periportal, bridging fibrosis, and ultimately cirrhosis (Takahashi & Fukusato, 2014). Hepatic decompensation, HCC, and liver-related mortality 
are among the severe liver outcomes that are closely associated with advanced fibrosis, and the risks rise with the severity of the fibrosis. 

According to observational research, fibrosis is a significant predictor of NAFLD patients' overall and liver-specific death (Xu et al., 2016). A 

systematic review of 4,428 patients with biopsy-confirmed NAFLD, including 2,875 with NASH, revealed that as fibrosis progressed, there was 

an increase in mortality and liver-related events (Tong et al., 2022). Greater fibrosis stages were associated with greater mortality rates, 

according to another study. For example, early fibrosis (F0–F2) had 0.32 fatalities per 100 person-years, while advanced fibrosis (F4) had 1.76. 
Therefore, fibrosis reduction is the main goal of clinical studies for NASH therapy (Brennan et al., 2023). 
 

NASH-related cirrhosis 

 NASH can develop into "burn-out" NASH, when steatosis and inflammation are no longer visible, in cases of severe fibrosis or cirrhosis. 

This could result in a diagnosis of cryptogenic cirrhosis. Visible histological indicators of NASH are usually absent in NASH-related cirrhosis, 
which is frequently macro nodular (Ota et al., 2022). Patients with cryptogenic cirrhosis frequently have recurrence of these illnesses after liver 

transplantation, and they share demographic characteristics with those with NASH-cirrhosis, such as high rates of obesity and metabolic risk 

factors. The existence of cirrhosis complications, the elimination of other causes, and cirrhosis risk factors are necessary for the diagnosis of 

NASH cirrhosis. Women over 50 who suffer from obesity, diabetes, or dyslipidemia make up the majority of NASH-cirrhosis patients (Ota et 
al., 2022). Compared to cirrhosis caused by hepatitis C, advanced NASH fibrosis has a decreased incidence of HCC and liver-related 

comorbidities, and its 10-year survival rate is 81.5%. Patients with NASH-cirrhosis are more likely to develop diabetes and chronic renal disease, 

and as metabolic risk factors become more common, the number of liver transplants associated to NASH is increasing (Heyens et al., 2021). 
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PATHOPHYSIOLOGY OF NAFLD/NASH 

 The process by which NASH develops is intricate and poorly understood. The pathogenesis of NAFLD and NASH has been extensively 
studied in recent years using animals, mostly focusing on the variations in dietary models (high fructose, high fat, or methionine/choline 

deficient diet (MCD)) (Erbas et al., 2018). NASH development has been proposed to be a two-step process based on this body of research. 

Deposition of fat in the liver is the initial stage of this process, which will raise insulin resistance. This process's second phase consists of cellular 

and molecular changes carried on by oxidative stress and the oxidation of fatty acids in the liver as a result of several causes, including cytokine 
damage, hyperinsulinemia, hepatic iron and/or lipid peroxidation, extracellular matrix variation, energy homeostasis, and immune system 

dysfunction (Berardo et al., 2020). Insulin resistance develops through a complex mechanism. Increased fat mass and adipocyte differentiation 

are important factors in the development of insulin resistance in the context of MS, as is the situation for many NASH patients. There are two 

different forms of NAFLD. Insulin resistance is thought to be the main pathophysiological mechanism for the first kind of NAFLD, which has a 
limited association with metabolic syndrome (Pouwels et al., 2022). Liver steatosis is a possible consequence of viral diseases that are linked to 

the second kind of NAFLD. HIV and hepatitis C infections may be the cause in this instance, but it is also linked to certain toxins, inherited or 

acquired metabolic diseases (such as lipodystrophy, cachexia, or intestinal bypass surgery), and medications (total parenteral nutrition, 

glucocorticoids, tamoxifen, tetracycline, amiodaron, methotrexate, valproic acid, vinyl chloride (S.-H. Lee et al., 2022)  
 

RISK FACTOR 

 The metabolic syndrome (MS), which includes obesity, type 2 diabetes mellitus (T2DM), and dyslipidaemia all of which are risk factors 

for cardiovascular disease (CVD) is intimately linked to NAFLD (Hayden, 2023). Regardless of diabetic status, studies show that NAFLD patients 

have a higher prevalence of CVD, and that altering one's lifestyle can enhance liver health by reducing transaminase levels. NAFLD is associated 
with a higher incidence of peripheral vascular, cardiac, and cerebrovascular diseases in individuals with type 2 diabetes. The high correlation 

between NAFLD and CVD is supported by numerous research, confirming that CVD is a major issue for people with NAFLD (C. H. Lee et al., 

2022). Although smoking is a known risk factor for non-communicable diseases (NCDs) worldwide, its precise effect on NAFLD differs, 

therefore the relationship between smoking and NAFLD is still unclear. While there is conflicting evidence regarding whether smoking raises 
the risk of NAFLD on its own, some research indicates that smoking may exacerbate the severity of liver fibrosis. To fully understand smoking's 

impact in the development of NAFLD, more research is required (NCD Alliance, 2010). 

 

IMPACT OF NAFLD ON HEALTH 
 The impact of NAFLD on the course of other liver diseases is a matter of concern. T2DM development is linked to both HCV infection and 

NAFLD. Together, NAFLD and HCV's impact on T2DM may lead to a vicious cycle of ill health that ultimately raises all-cause mortality as well 

as cardiovascular and liver-related complications (Hazlehurst et al., 2016). On the other hand, using direct-acting antiviral medications to 

eradicate HCV and reduce fatty liver may lower the incidence of T2DM and enhance patient outcomes. Additional research is required to validate 

initial findings (Geddawy et al., 2017). There is a complex link between HBV infection and NAFLD. HBV infection may decrease the progression 
of fatty liver-associated illness in patients with NAFLD infection. However, fatty liver-induced liver disease worsens after HBV Sero clearance 

(either naturally or by treatment). Since Sero clearance and NAFLD are both linked to aging, more research is required (Zeng et al., 2020). 

Lastly, a new NHANES study indicates that metabolic syndrome may make the effects of excessive alcohol consumption on mortality worse. 

These findings point to a substantial overlap between NAFLD and alcohol-related liver damage. It is significant to note that NAFLD includes 
patients with cryptogenic cirrhosis in addition to these liver disorders. Recent biopsy results, despite their controversy, indicated that patients 

with cryptogenic cirrhosis may have worse outcomes even though they are part of the spectrum of NASH (Younossi et al., 2019). 

 

DIAGNOSIS OF NAFLD 
 Hepatomegaly, lipomatosis, acanthosis nigricans, fatigue, and discomfort in the right upper quadrant are among the symptoms that some 

NAFLD patients may experience, even if the majority may not exhibit any (Chalasani et al., 2018). End-stage liver disease may also be present 

in a significant percentage of cirrhosis patients. NASH is commonly detected via medical assessments for other causes, and it might be 

asymptomatic in 48–100% of cases. Although clinical symptoms of chronic liver failure are rare in this population, one study found that 25% 
of patients showed splenomegaly at diagnosis. A diagnosis of NASH or NAFLD is often made as a result of irregular liver function tests such as 

ALT and AST or the inadvertent observation of hepatic steatosis on radiologic abdominal findings (Delvin et al., 2014).  

 

Laboratory findings 

 Serum indicators such as aminotransferases (AST, ALT) are mildly to increase after laboratory testing. However, patients with NAFLD or 
associated conditions may have atypical AST and ALT levels. Stated differently, increased or normal AST and ALT values do not indicate the 

presence of NAFLD (Oh et al., 2017). ALT elevations are more prevalent than AST elevations in NAFLD patients. Compared to ordinary steatosis, 

NASH typically has higher ALT levels. individuals with NAFLD frequently have raised serum ferritin levels, and 6–11% of individuals have 

increased transferrin saturation (Pouwels et al., 2022). Clotting factors and alkaline phosphatase (ALP) are other relevant markers. ALP can be 
abnormal in patients with NAFLD and even raised two to three times the upper limit of its normal value. Furthermore, the diagnosis of NAFLD 

may benefit from further test results. Patients with chronic progressive illness may have elevated levels of both albumin and bilirubin. 

Laboratory measurements of clotting times may be abnormal in people with cirrhosis. Patients with cirrhosis typically exhibit 

thrombocytopenia, a lengthy prothrombin time, and concurrent neutropenia (Pouwels et al., 2022). 
 

Imaging of NAFLD 

 The diagnosis of liver diseases such as NAFLD and NASH can be supported by a variety of imaging modalities; however, none of them are 
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commonly used to differentiate between the (histological) subtypes of NAFLD or NASH. Abdominal ultrasonography (US), computed 

tomography (CT) scans, or MRI can all be used to detect certain liver diseases. NAFLD is considered by imaging abnormalities such as increased 
echogenicity on ultrasound, decreased hepatic attenuation on CT, and elevated fat signal on MRI (Ajmera & Loomba, 2021). 

 

Ultrasound 

 Due to diffuse fatty infiltration, US frequently shows a bright liver or a hyperechoic texture. When it comes to identifying increasing 
fibrosis and steatosis, US has a sensitivity of 89 and a specificity of 93%. Nonetheless, the most widely used modality in clinical practice and 

the least expensive is the US. Patients that are obese have lower US sensitivity (Petzold, 2022).Steatosis may be indicated by the US displaying 

hyperechogenic liver tissue in comparison to the spleen or kidney echogenicity. But in these cases, the US's sensitivity is only 60–94% (Khov 

et al., 2014). 
 

Magnetic resonance spectroscopy (MRS), CT, and MRI 

 Both imaging techniques can identify steatosis, but they are not sensitive enough to identify inflammatory or fibrotic liver processes. 

Unfortunately, MRS is (not now) generally available and has a higher sensitivity to identify the previously stated disease processes. The 
sensitivity of CT, MRI, and MRS to identify hepatic steatosis was 33, 50, and 88%, respectively. The three had respective specificities of 100, 

83, and 63% for detecting hepatic steatosis (S. S. Lee & Park, 2014). 

 

MANAGEMENT STRATEGIES FOR NAFLD  

 Pharmacological treatments, if there is evidence of severe fibrosis or NASH, and dietary and lifestyle modifications for weight loss are all 
part of the current care of NAFLD (Lange et al., 2021). 

 

Lifestyle and diet modification  

 Poor dietary habits (high consumption of sugar, soft drinks, meat, and saturated fats, and low intake of fiber, omega-3s, and vitamins) 
and inactivity are common characteristics of the unhealthy lifestyles of patients with NAFLD (Ratziu et al., 2015). Even little weight loss can 

improve insulin resistance and dramatically lower liver fat. Few randomized controlled trials (RCTs) have been done on the effectiveness of 

food and lifestyle changes, and complex therapies involving several specialists are frequently not feasible for normal care (Petersen et al., 2005). 

Histological improvement in NASH has been seen with a 7% weight loss, and calorie restriction is crucial for both liver function and weight 
management. Because of its good fats, the Mediterranean diet may help with insulin resistance and liver fat even if it doesn't result in weight 

loss (Chalasani et al., 2018). By reducing inflammation, bariatric surgery can eliminate or lessen NASH and fibrosis in obese people, even if it 

is not a first-line treatment for NASH. In addition to lowering the risk of T2DM, hypertension, and liver fat, physical activity also lowers 

mortality and improves general health by reducing sedentary time. It can be difficult to stick to lifestyle changes over the long term, therefore 

for long-lasting effects, a combination of calorie restriction and exercise with reasonable goals is advised (Cardoso et al., 2021) 
 

Pharmaceutical treatments 

 According to the American guidelines, only patients with biopsy-

confirmed NASH should be treated when determining which NAFLD 
patients should receive medical attention. Current experimental 

medications (such as metformin, omega-3 fatty acids, and pentoxifylline) 

have conflicting effects and need more research (Leoni et al., 2018). The 

primary therapeutic groups and new developments consist of: 
Insulin Sensitizers: The most researched is pioglitazone, which improves 

NASH by lowering inflammation, steatosis, and cell damage, albeit the 

effects fade when treatment is stopped. Risks like weight gain and 

cardiovascular consequences raise questions about its long-term safety 
(Ratziu et al., 2015). 

Vitamin E: Although it has long-term hazards (such as hemorrhagic 

stroke and prostate cancer), vitamin E helps lessen inflammation and 

steatosis in non-diabetic people with biopsy-proven NASH. Vitamin E and 

pioglitazone have no effect on fibrosis, which is important because severe 
fibrosis raises the chance of death (El Hadi et al., 2018). 

Obeticholic Acid: Reduces liver fibrosis, inflammation, and fat synthesis 

via activating the FXR receptor. According to recent research, it raises LDL 

cholesterol levels, which may raise cardiovascular concerns, but it improves all NASH histological characteristics. 
Early studies have demonstrated that ligarglutide, a GLP-1 agonist that increases insulin secretion and decreases glucose synthesis, can cure 

NASH. With few adverse effects on the gastrointestinal tract, it also promotes metabolic health and weight loss (Goto et al., 2018). 

 

Control of underlying risk factors for metabolism 
 Treatment of related metabolic risk factors, including diabetes, hypertension, and dyslipidemia, is necessary for all individuals with 

NAFLD. Patients with T2DM with NAFLD may be treated with insulin, GLP-1 agonists, metformin, pioglitazone, or sulfonylureas (Jeong et al., 

2024). In addition to reducing hypertension, antihypertensive drugs can also help when renin-angiotensin-aldosterone system blockers, 

 
Fig. 2: The progress of risk factors of HCC in NAFLD have been 

identified, both controllable and non-modifiable. Modifiable 

risk factors may be the focus of chemoprevention and lifestyle 
measures. NAFLD stands for non-alcoholic fatty liver disease; 

HCC stands for hepatocellular cancer (Lange et al., 2021). 
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especially sartans, are taken. In the population with NAFLD, statins are safe to use. Apart from their positive impact on dyslipidemia, they also 

enhance liver function  and lower the incidence of HCC (Dyson et al., 2015). 
 

Conclusion 

 The spectrum of NAFLD, a common metabolic liver disease, ranges from benign steatosis to severe cirrhosis and fibrosis. Metabolic 

comorbidities, such as obesity, insulin resistance, and cardiovascular disease, play a major role in its progression. Smoking and virus infections 
can also make it worse. Disease progression can be slowed down and quality of life enhanced with early diagnosis and focused intervention, 

mostly through lifestyle changes and new pharmaceutical treatments. There may be more extensive and efficient treatment options available 

with novel therapeutic drugs that target fibrosis and metabolic health. To better understand the natural history of NAFLD and improve care 

strategies for long-term patient safety and health, more extensive, population-based research is necessary. 
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