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ABSTRACT 

Non-alcoholic fatty liver disease (NAFLD) is a metabolic syndrome and major chronic liver 

disease that can lead to liver cirrhosis, liver cancer and ultimately death. Although its progression 

rate may be slower than that other types of liver disease and the incidence of which is rising 

rapidly due to the increasing epidemic of obesity in both children and adults, worldwide. The 

accumulation of fat followed by subsequent inflammation is central to the development of liver 

injury, and is influenced by host factors including age, gender, presence of diabetes, genetic 

polymorphism and recently gut microbiome. NAFLD is also a risk factor of cardiovascular 

disease, which is the commonest cause of mortality. The natural history of NAFLD remains 

unclear. Lifestyle modification that including diet, exercise and weight reduction may be the best 

way to manage disease and one of the best advice for patients. This review focusses on the 

pathogenesis and evolution of new approaches to the management and treatment of NAFLD. 
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INTRODUCTION 

Obesity has become an important public health problem in many countries (1,2). Extreme obesity 

has received the attention in clinical setting, most obesity can be described as moderate to marked. 

However, moderate obesity contributes to chronic metabolic disorders, such as glucose tolerance, 

insulin resistance syndrome, dyslipidemia, hypertension, non-alcoholic steatohepatitis, central 

obesity (intra abdominal fat deposition) (3-5). In this review the main purpose is to explore 

whether the environmental factors contributing the development of obesity and abnormalities of 

insulin resistance syndrome (6,7). The consumption of fat in industrialized countries, due to intake 

of high fructose fruit drinks, baked goods, carbonated- beverages and candies (6,8). 

The NAFLD is to describe a condition of fat accumulation in the liver without consumption of 

excessive alcohol and other specific causes of hepatic steatosis. In the case of NAFLD its aetiology 

is not yet completely understood, it is related to presence of insulin resistance and initial part of the 

metabolic syndrome (MS), and obesity, dyslipidaemia. The secondary causes of non-alcoholic 

steatohepatitis are relevant causes, like malnutrition, rapid weight loss (nutritional), lipodystrophy 

(metabolic) and drug-induced as well as other conditions such as inflammatory bowel disease, 

occupational exposure, bacterial overgrowth (9-12). NAFLD is a morphological pattern of injury 

of liver which non-alcoholic patients. Which is represent a form of chronic liver disease currently 

known as non-alcoholic steatohepatitis (NASH). NASH was first described by Ludwig et al 

(13,12). Cirrhosis is known complication reported that in 7%, 15%, 16% of patient with NASH. 

There is no histopathological “markers” patients at risk for progression to cirrhosis (13,14). 

currently no treated options specifically for NASH but this type of disease is usually managed and 

prevented with various types of lifestyle changes like weight loss, diet, exercise, but, again in 

absence of clear guidance, this is highly variable (15-18). Progression of NAFLD from hepatic 

steatosis, through inflammatory non-alcoholic steatohepatitis to fibrosis and cirrhosis (19-22). 

People with NAFLD will die from hepatocellular carcinoma (HCC) or need a liver transplant. The 

average age of people with NASH- cirrhosis is 50-60 years and the people with NASH is 40-50 

years. Some studies showing that 38% of obese children have evidence of NAFLD (18). Emerging 

the drivers of the key features of NASH are cytokines, adipokines and cells of the innate and 

adaptive immune system enable cross-talk between the adipose tissue and the liver and interaction 

of free radicals with cellular constituents may result of peroxidation deterioration leading to an 

impaired of cellular functions (23-27). Representative data from the united states indicate that 19% 

Americans may have NAFLD (28-30). The molecular mechanism of NAFLD progression involves 
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a two-hit theory like lipid accumulation in hepatocytes called “first hit” and insulin resistance, 

oxidative stress, and cytokine production is called “second hit” (31,32). Physicians and patients 

should be equipped with the knowledge regarding this disease with the growing epidemic of this 

disease. The main aim of this review is to discuss the pathogenesis, history of NAFLD, diagnosis, 

risk including NAFLD as well as treatment options that is available for the management of 

NAFLD (33). 

Symptoms, Risk factors Associated with NAFLD 

NAFD usually causes no significant signs and symptoms some possible signs and symptoms of 

cirrhosis include: Abdominal swelling, enlarged breasts in men, enlarged spleen, red palms, 

enlarged blood vessels, yellowing of the skin and eye. Signs of NAFLD are enlarged liver, fatigue, 

pain in the upper right abdomen. Also the various causes of NAFLD and NASH like overweight or 

obesity, insulin resistance, high blood sugar, high levels of triglycerides. A wide range of diseases 

can increase the risk of NAFLD which including: high cholesterol, high levels of triglycerides in 

the blood, metabolic syndrome, obesity, polycystic ovary syndrome, type 2 diabetes mellitus, 

hypothyroidism, hypopituitarism, sleep apnea. Insulin resistance helps to central development of 

NAFLD, which represent that the hepatic manifestation of metabolic syndrome. Features of MS 

are at high risk for NAFLD (34-36). Excessive body mass index (BMI) is the most common risk 

for NAFLD (37-39). Type 2 diabetes mellitus is the high prevalence of NAFLD. In this context 

type 2 diabetes and NAFLD can almost develop simultaneously. In dyslipidemia low serum high 

density lipoprotein and high density lipoprotein levels are common in NAFLD patients. NAFLD 

may vary according to the age, sex and also ethnicity. The prevalence of NAFLD and stage of liver 

disease both appear to increase with age (37,40,41,45). 

Clinical disease progression and Mortality 

NAFLD is disease that has very different clinical manifestations and different rates of disease 

progression. Environmental factors which helps to progression of NAFLD are microbiome, 

metabolism, comorbidities and genetic risk factors. The patients with NASH are asymptomatic 

without clinically relevant outcomes for decades, but some can rapidly progress (42-44). Patients 

with a reference population mortality increased has been shown in several studies comparing 

NAFLD (46,47). In this disease the main cause to increase death in follow-up studies with biopsy- 

proven NAFLD is cardiovascular disease and liver related complications are using the third cause 

of death with increase in risk. The increased risk of mortality in NAFLD was confirmed in a meta-

analysis. In newly published meta-analysis, the increase mortality of NAFLD patients, majority 
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were diagnosed with ultrasonography, could not be confirmed. Meta-analysis including 34 studies, 

no increase in CVD mortality was mainly observed (46,48). 

 

Figure: Overview of the progression of nonalcoholic steatohepatitis (NASH) to nonalcoholic 

fatty liver disease (NAFLD) and increased risk of hepatocellular carcinoma (HCC). 

Epidemiology and Natural History of NAFLD 

With an increasing of NAFLD and NASH accompanying the obesity epidemics, when NAFLD has 

a major impact on public health. The understanding of the natural history of NAFLD has been 

increase in the past decade. Dr sherif and colleagues revisit the epidemiology of NAFLD a focus of 

minority populations within USA. natural history of NAFLD which mainly depends on the 

histologic subtype of NAFLD.  Those who have FL have a prognosis, whereas those who have 

NASH can have progressive fibrosis leading to cirrhosis. Improvement in fibrosis is documented at 

the precirrhotic stages. The patient who are first diagnosed with FL or FL-NI can progress to 

NASH and varying degrees of fibrosis, including cirrhosis, albeit at a slow rate. The authors 

highlight the difference in NAFLD prevalence, which reflect common history in same disease. 

Drs. McCullough and Goh describe the natural history about NAFLD with a long term liver related 

outcomes. NAFLD can develop to NASH and then progress to liver cirrhosis, the presence of liver 

fibrosis is the single based indicator of liver related mortality. The liver cancer is rising at an alarm 

rate, becoming increasingly in patients with NAFLD. Drs. Reeves, Zaki and Day describe the risk 

of liver cancer. Dr. Mantovani and colleagues summarize knowledge regarding associated between 
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Coronary artery disease and NAFLD and also knowledge with functional and structural cardiac 

abnormalities (49-51). 

Pathogenesis 

Understanding the pathogenesis of NAFLD and NASH is essential for proper therapeutic 

interventions (52,53). NAFLD is a metabolic syndrome, and its pathogenesis involves the complex 

interaction among hormonal factors, genetic factors and nutritional factors however, NAFLD or 

NASH is so complicated disease that it has been designated as “multiple hit and organ theory” 

(52,54). For several years to explain NASH pathogenesis a “two-hit” theory was posited. In this 

two-hit theory suggests that in the setting of NAFL alone (i.e., steatosis), a second ‘hit’ from other 

factors like oxidative stress was helps to development of NASH. It is not even certain whether 

NASH and NAFLD is always developed by NAFL. Mechanisms of the disease and their clinical 

manifestations are both highly heterogeneous. Pathogenic drivers are not likely to be identical in 

all patients.In pathogenic drivers of NAFLD and NASH is that the liver’s capacity to handle the 

primary metabolic energy substrates, carbohydrates, and fatty acids and leading to accumulation of 

toxic lipid species. This type of metabolites induce stress, hepatocellular injury, and also death. 

When fatty acids sources in hepatocytes is essential for understanding the metabolic underpinning 

of NASH. fatty acids are supplied in excess and disposal is impaired, that they substrates the 

generation of lipotoxic species and provoke hepatocellular injury and ER stress (42,55). 

 

Figure: Pathogenesis of NAFLD 
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Sources of fatty acid in liver: it is an initial step in NAFLD pathogenesis is triacylglycerol 

accumulation in hepatocytes. TGA is synthesized from glycerol. Fatty acid absorbed in to the 

hepatocytes. Fatty acid usually produced from glucose in the liver via de novo lipogenesis. By β-

oxidation in the mitochondria or peroxisomes fatty acid primarily catabolized and excess amounts 

are converted into TGA and its stored as lipid droplets in hepatocytes. Those pathways can result 

in hepatosteatosis. De novo lipogenesis, which strongly regulated by insulin through activation of 

transcriptional factor sterol regulatory element-binding protein. This mechanism explained the 

close relationship between insulin resistance and NAFLD/NASH. 60% of FA in the liver 

originates from white adipose tissue, adipocytes dysfunction may lead to overflow of FA and 

produced NAFLD or NASH (53,56,57). 

Response to lipotoxic lipids:  Hepatocellular injury in NAFLD is mainly characterized by 

endoplasmic reticulum (ER) stress, unfolded protein response, inflammasome activation, 

activation of apoptotic pathways and the certain lipids can be very harmful to hepatocytes in 

NAFLD (59). External factors which includes dysregulation of cytokines and adipokines, ATP 

depletion, uric acid toxicity and sleep apnea and also gut microbiome (42,58). 

The inflammasome: Hepatocyte inflammasome activation may be important between the initial 

metabolic stress and stimulation of fibrogenesis in NASH and also subsequent hepatocytes death. 

Inflammasome is a multiprotein cytoplasmic complex that responds to danger- associated 

molecular patterns(DAMPs). This context included saturated fatty acids product of pathogen-

associated molecular protein (PAMPs) which are product of gut microbiota and which delivered to 

liver in the portal circulation (60). 

Insulin resistance: Insulin resistance is a characteristic feature of NAFLD and is caused by a 

variety of factors, include soluble mediators derived from immune cells and adipose tissue, such as 

TNF-α and IL-6 leads to inappropriate release of fatty acids through dysregulated lipolysis that 

further contributes to impaired insulin signalling throughout the body. Effect is known to promote 

insulin resistance, underscoring the important cross talk between metabolic dysregulation in 

NAFLD and liver (42). 

Microbiome: NAFLD increase in the past 25 years in the developed world has been largely 

attributed to both a diet that rich in fructose, saturated fat and sucrose. Also the reason to 

increasingly more sedentary lifestyle. Risk factor involve in NAFLD may be evolution of the 

human microbiome, both the changing diet as well as use antibiotics in farm animals and also 

indiscriminate prescription of antibiotics to humans (42). Human studies gut microbiota was first 

fount to be altered in patients with chronic liver disease more than 80 years ago. In recent year gut 
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microbiota has gained much more attention due to advancement of high throughout next 

generation sequencing technology. In gut microbiota several mechanisms involved in pathogenesis 

of NAFLD are (1) Increase the production of gut short chain fatty acid and absorbed it Altered 

dietary choline metabolism. (2) Bile acid pools by microbiota. (3) Increased delivery of ethanol 

which derived from microbiota to liver. (4) Permeability of gut and release of endotoxin. (5) 

Interaction between microbiota and specific diet. Microbiome is nascent and considerable progress 

in linking its role to NASH is anticipated (61,62). 

Mechanism of fibrogenesis:  The accumulation of extracellular matrix in the liver, which leads to 

increase fibrosis, cirrhosis, portal HTN and liver failure, is the major cause which related to death 

in patient with NASH/NAFLD (42,63). Fibrogenesis is the damaged hepatocytes and immune cells 

activated also promote hepatic stellate cells activation. It is driven by signalling from stress or 

injured hepatocytes and which activated macrophages, leading to activation hepatic stellate into 

microfibroblasts. This mainly produce matrix proteins faster than they are degraded. Although 

hepatic stellate cell activation is a key event in liver fibrogenesis., it is mainly in the perisinusoidal 

space is relatively specific to steatohepatitis (52, 64, 42, 65). 

Diagnosis 

NAFLD is asymptomatic disease and is not recommended in general population (66).  The 

diagnosis of NAFLD is established by presence of a pattern of steatosis, inflammation and 

hepatocellular injury on the liver biopsies in absence of significant alcohol consumption.  

Establishing a diagnosis of NASH is that it identifies individuals who are at risk for increasing 

liver disease to the point of cirrhosis and death from chronic liver disease (67). Clinicians should 

consider a diagnosis of NAFLD with abnormal liver tests and presence of one or more metabolic 

risk factors indeed the likelihood of NAFLD increases proportionately with the number of 

metabolic syndrome factors present. A scoring system was needed that include the spectrum of 

NAFLD and which would be sensitive to changes in the underlying disease process independent of 

the diagnosis of NASH. it is considered that incident discovery of elevation of liver enzyme levels 

or when hepatic steatosis is noted on imaging like ultrasonography (68). 

To diagnose the non-alcoholic fatty liver, some factors included like medical history, conduct a 

physical exam, laboratory studies and also one or more tests. 
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Figure: Histological features of human NASH. a. A schema for diagnosing NAFLD and 

NASH. b, the images from liver biopsies demonstrate the typical appearances of 

macrovesicular steatosis (fat), hepatocellular ballooning, inflammation and fibrosis (arrows). 

Medical history and physical examination: Symptoms of NAFLD is include right upper 

quadrant pain, jaundice etc.  liver injury commonly caused by excessive consumption of drug and 

alcohol. The history of the patient should explore diet, weight, physical activity, weight gain or 

loss i.e. changes in weight and also the previous medical history of patient i.e. assessment of 

associated conditions like diabetes, hypertension, hyperlipidemia, obesity and sleep apnea. The 

patient’s family history should be check for the risk of cardiovascular and metabolic disorders and 

also the risk of chronic liver disorders. Also the signs should be obtained including blood pressure, 

BMI, weight, waist circumference this vital signs of patients are important to diagnose the 

NAFLD. Physicians should assess the risk factors of NAFLD including blood transfusion, sexual 

activity and also intervention of drug use (69). 

Laboratory examination: In many cases, NAFLD disease is diagnosed after blood tests which 

show elevated liver enzyme. A diagnosis of NAFLD requires imaging or histology and other 

causes of liver disease have been excluded. If abnormal LFTs, this is raised transaminase s (ALTA 

– aspartate transaminase (ASTA) or gamma-glutamyl transferase. In histological findings the ALT 
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values do not correlate and unhelpful in diagnosis of NAFLD. A new approach is needed to use 

metabolic risk factors and to identify NAFLD rather than relying on liver disorders (70,71). 

Antibiotics are also detected low titre in subjects with NAFLD or anti-smooth muscle antibody and 

assessment in normal IgG levels and do not indicate autoimmune hepatitis. If there is uncertainty 

about diagnosis of NAFLD then a liver biopsy should be considered. NAFLD liver fat is calculated 

with the help of presence of the fasting serum AST and ALT ratio fasting serum insulin, type 2 

diabetes mellitus. Score does not properly distinguish between the different stages of NAFLD OR 

NASH. 

Imaging for steatosis and inflammation: First line investigation for hepatic steatosis 

ultrasonography is widely used that mainly provides assessment for fatty infiltration of the liver. It 

is very effective and commonest modality for diagnosing liver steatosis of hepatocytes are steatotic 

but can be unreliable with lesser degrees of steatosis. Ultra sound scan is widely used due to its 

simplicity and low cost. Other imaging modalities such as Magnetic resonance imaging (MRI) or 

CT techniques and magnetic resonance spectroscopy can also use to detect lower levels of steatosis 

but they are not routinely used in the assessment of steatosis. MRI also identify changes in fat 

content accurately. Magnetic resonance imaging estimated proton density fat fraction which 

correlates strongly with MRS measured liver fat and histologically determined steatosis grade. 

Magnetic resonance imaging is another technique under development and involves a three-stage 

process. 1. Mapping for inflammation imaging, 2. Mapping for liver iron quantification for liver 

fat quantification.  The fibroscan device use with controlled attenuation parameters (CAP) which 

can be assess hepatic steatosis. Controlled attenuation parameter is a new ultrasound technique 

with assessment of liver stiffness (65,72). 

Imaging for fibrosis: Transient elastography (TE), through assessment of liver stiffness 

measurement is most secondary and tertiary centres for assessment of liver inflammation. In 

NAFLD detection of significant fibrosis and cirrhosis mainly magnetic resonance elastography has 

also been useful. Most elastography modalities the presence of significant inflammation can 

increase elastography reading (65,73). 

Liver biopsy: Liver biopsy is very essential for the diagnosis of NAFLD and its reliably 

differentiates NAFL from NASH (74). liver biopsy may not affect treatment decisions, its remains 

the determination of steatosis and also maintain standard of diagnosis as well as the grade of 

inflammation and also stage of fibrosis (66). It is a gold standard for characterizing liver 

histological alteration patients with NAFLD. Biopsy is very expensive but carries morbidity and 

low mortality risk. It should be considered in NAFLD patients competing etiologies for HS and the 
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severity of coexisting CLDs cannot be excluded without a liver biopsy (37). During liver biopsy 

insert a needle in the liver and remove or collect the piece of tissue for examination or observation, 

this test can help to determine liver scarring. Liver histology remains for outcomes in clinical trials 

and is required for seeking regulatory approval of new therapies (65). 

Management and treatment of NAFLD 

All the patients with NAFLD which needed advice about lifestyle modification includes weight 

loss, physical exercise also the treatment of metabolic risk factor like diabetes mellitus, 

dyslipidaemia and hypertension. Management of NAFLD mostly depends on the stage of disease, 

and the importance of careful risk stratification. Management strategies of NAFLD there are four 

main areas to focus: target components of the metabolic syndrome, modification in lifestyle, 

managing the complications of cirrhosis. Patient with fibrosis are risk of developing liver disease 

so require more lifestyle modification if this modification is fails can be considered for liver 

directed pharmacotherapy (75). The main purpose of management of NAFLD there are three types 

of modalities of therapy includes lifestyle modification, pharmacotherapy and bariatric surgery. 

Lifestyle modification is applicable in all types of NAFLD related stages but pharmacotherapy and 

bariatric surgery should not be considered for patient with simple steatosis. In biopsy proven 

NASH and hepatic fibrosis pharmacotherapy should be considered as per the guideline of 

American Association for the study of liver diseases (AASLD). 

 

Figure: management strategies in non-alcoholic fatty liver disease (NAFLD) (management) 

Lifestyle modification: Lifestyle modification of management of patient with NAFLD aimed at 

weight loss and increase regular physical activity or workout. Patients with NAFLD should be 

encouraged or motivate to avoid sedentary lifestyle by increasing daily activities, regular exercise 

and eating healthily. This lifestyle intervention including exercise, healthy diet can be very 

http://www.ajptr.com/


Kathale et. al., Am. J. PharmTech Res. 2020; 10(01)     ISSN: 2249-3387 

201 www.ajptr.com 

 

effective to reducing body weight (75). Weight loss or physical activity improves patient’s 

cardiovascular risk, improves steatosis and reduces hepatic inflammation and injury. 

Diet: Encouraging data that diet induced weight loss may be very important to for patients with 

NAFLD, patients have difficulty maintaining weight loss. (76). Calorie-restricted diet should be 

advised to achieve their target weight. In weight loss diet some advice should include avoiding 

simple carbohydrate, saturated fats and sweetened food. Patient consume less n-3 PUFAs than 

controls. Supplementation with n-3 PUFA decrease liver fat but does not have statistically 

significant effect on ALT levels. Simple therapeutic option for NAFLD patient is dietary fish oil 

(77). A Mediterranean diet like high in monounsaturated fatty acid, as compared diet with a high in 

carbohydrates, has been reduce hepatic steatosis and also improving insulin sensitivity (75). 

Exercise: Higher levels of habitual physical activity are associated with lower levels of steatosis. 

Increase skeletal muscle sensitivity with the help of Aerobic exercise thereby reversing insulin 

resistance, which is one of the key pathophysiological mechanisms which causing NAFLD. 

Improvement of liver enzymes, reduced steatosis and reduction in liver fat with the help of 

moderate intensity training, high intensity training and resistance exercise but the effect of 

histology remain unknown. All NAFLD patients should be advised to increase physical activity 

and exercise. Further evidence, one approach is mainly recommended 30min of moderate exercise 

five times weekly. Patient with NAFLD increase their daily step count to >10000 steps/day (75, 

77). 

PHARMACOLOGICAL MANAGEMENT 

Anti-oxidants and cytoprotective therapies 

Oxidative stress and free radical formation is helps to progression of simple steatosis (78). 

Vitamin E: In different clinical trials vitamin E has been studied. It is a fat soluble vitamin, has an 

antioxidant property and two recently published, large, randomized control trials, PIVENS and 

TONIC, assessed its effect on adults and pediatric population respectively. Improvement of serum 

transaminases and liver histology in non-diabetic NAFLD patients in PIVENS trial, vitamin E 800 

units per day was associated. In this trial fibrosis scores were not improved. Vitamin E 

supplementation in SELECT trials 400 units per day in healthy individuals was associated with 

significant increase in prostate cancer. Currently vitamin E supplementation 800 units per day is 

recommended in non-diabetic individuals with biopsy proven NASH (78, 79). 

Betaine: Betaine has been shown to increase S-adenosylmethionine levels and reduce oxidative 

stress. It is a naturally occurring metabolites of choline. Unfortunately, betaine compared with 

placebo in a controlled trial, it failed to improve steatosis (79). 
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Ursodeoxycholic acid (UDCA): UDCA is also known as hydrophilic bile acid with cytoprotective 

and antioxidant properties and can improve serum transaminases in NAFLD but cannot alter liver 

histology (79). 

Pentoxyphylline: Pentoxyphylline has been evaluated NASH for is important anti-inflammatory 

activity and also is a tumour necrosis factor alpha (TNFα) inhibitor. Some trials like a meta-

analysis of randomized, double blinded, placebo-controlled trials showed that pentoxyphylline 

could improve the histological parameters in NAFLD patients and also reduce the 

aminotransferase activities (79). 

Insulin sensitizers 

Metformin: Metformin is a biguanide insulin sensitizing agent. Metformin is widely used in 

treatment of type 2 diabetes and also major action is mediated through activation of AMPK. This 

increase beta oxidation of FFA, improves glucose intake and reduce hepatic gluconeogenesis and 

lipogenesis. Metformin use to reserve for the management of patients with NAFLD and type 

mostly 2 diabetes. 

Incretin-based therapy:  It is a Glucagon-like peptide 1 receptor agonists, which not only 

improves insulin sensitivity but also causes weight loss by suppressing appetite and inhibiting 

gastric emptying (78). It is a gut derived neuro endocrine hormones, are produced by the intestinal 

tract in response to food ingestion. These drugs are licensed for management of type 2 diabetes. 

Circulating peptide-1 has a half-life due to rapid degradation by the enzyme dipeptdyl peptidase-4 

and GLP-1 receptor agonists with increased DDP-4 resistance and DDP-4 inhibitors have been 

developed as therapies. It encouraging open- label studies controlled trials in NAFLD are 

underway (79). 

Obeticholic acid (OCA): OCA is a farnesoid X receptor (FXR) which present in liver, kidney, 

adipose tissue and intestine, it is a nuclear receptor. FXR mainly controls the target gens in 

transport mechanism and bile acid synthesis and also carbohydrate and lipid metabolism. OCA 

which improved hepatic fibrosis and induced weight loss but resolution of NASH was not 

statistically more than placebo. Currently, it is not recommended in the routine management of 

NAFLD (78). 

Thiazolidinediones (TZD):  It is also called thioglitazones. TZDs are selective ligands of nuclear 

transcription factor peroxisome proliferator- activated receptor- gamma which is present in 

pancreatic β-cells, skeletal muscle, adipocytes, macrophages, endothelial cells. Its increased the 

fatty acid oxidation and subsequent lead to reduction in hepatic fat accumulation and these have 

been demonstrated to have potent benefits in pre-clinical models of NAFLD (78,79). 
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Lipid lowering agent 

omega-3 fatty acids: omega-3 polyunsaturated fatty acid treatment improved hepatic steatosis also 

use to manage dyslipidaemia, which commonly found in patients with NAFLD. In NAFLD 

treatment there are no support direct benefit of those drugs but they will be used to reducing 

cardiovascular risk. 

Statins:  Statins are used for the treatment of hyperlipidemia. Hyperlipidemia seen in patients with 

NAFLD as a part of metabolic syndrome. Low moderate dose of statins has been found to be safe 

with low hepatic toxicity. Statins decrease hepatic transaminases and hepatic fat but have no effect 

on hepatic fibrosis (78). 

Bariatric surgery 

Bariatric surgery has been shown to reduce most of the histological features of NAFLD also 

obesity associated T2DM and IR. By bariatric surgery sustained weight loss is achieved. This 

surgery improved metabolic syndrome and reduce their mortality. At the present time there are 

various types of endoscopic procedures and bariatric surgery are available and approved for 

morbid obesity. In united states laparoscopic sleeve gastrectomy is most common. Any other 

surgeries include vertical band gastroplasty, gastric bypass, biliointestinal bypass, biliopancreatic 

diversion with duodenal switch and gastric banding. patients with cirrhosis of liver are higher risk 

for bariatric surgery. Bariatric surgery remains unclear how to improves insulin sensitivity but it is 

well recognized that surgery can improve overall metabolic syndrome (78- 80) 

Liver transplantation 

End-stage liver disease due to NAFLD liver transplantation is the only possible treatment. Post-

transplant for such NAFLD patient are comparable to that seen with other indications, although 

likely reflects stringent case selection. Recurrence of NASH is common post-transplant due to the 

use of immunosuppression like corticosteroid, it rarely results in allograft loss (79). 

CONCLUSION 

NAFLD is the fastest growing cause of liver disease due to rising rates of obesity in both children 

and adult, worldwide shows no sign of waning. Recent trends in diet and lifestyle modification 

have increase the prevalence of NAFLD/NASH. in NAFLD simple steatosis vary from 

inflammation all the way through fibrosis and cirrhosis. Hepatic steatosis is recognized to be 

difficulties of complex interplay between environment, diet, adipose tissues, also a full 

understanding of its pathogenesis has not be explain. Understanding the cause of NAFLD and 
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designing rational will require continued research with collaboration among investigators in fields 

such as biophysics, pathology and biochemistry. 

REFERENCES 

1. Lima ML, Leite LH, Gioda CR, Leme FO, Couto CA, Coimbra CC, Leite VH, Ferrari TC. 

A novel Wistar rat model of obesity-related nonalcoholic fatty liver disease induced by 

sucrose-rich diet. Journal of diabetes research. 2016;2016. 

2. Hassan K, Bhalla V, El Regal ME, A-Kader HH. Nonalcoholic fatty liver disease: a 

comprehensive review of a growing epidemic. World journal of gastroenterology: WJG. 

2014 Sep 14;20(34):12082 

3. Elliott SS, Keim NL, Stern JS, Teff K, Havel PJ. Fructose, weight gain, and the insulin 

resistance syndrome. The American journal of clinical nutrition. 2002 Nov 1;76(5):911-22. 

4. Grundy SM. Multifactorial causation of obesity: implications for prevention. The American 

journal of clinical nutrition. 1998 Mar 1;67(3):563S-72S. 

5. Kissebah AH, Vydelingum N, Murray R, Evans DJ, Kalkhoff RK, Adams PW. Relation of 

body fat distribution to metabolic complications of obesity. The Journal of Clinical 

Endocrinology & Metabolism. 1982 Feb 1;54(2):254-60. 

6. Fakhoury-Sayegh N, Trak-Smayra V, Khazzaka A, Esseily F, Obeid O, Lahoud-Zouein M, 

Younes H. Characteristics of nonalcoholic fatty liver disease induced in wistar rats 

following four different diets. Nutrition research and practice. 2015 Aug 1;9(4):350-7. 

7. Kawasaki T, Igarashi K, Koeda T, Sugimoto K, Nakagawa K, Hayashi S, Yamaji R, Inui 

H, Fukusato T, Yamanouchi T. Rats fed fructose-enriched diets have characteristics of 

nonalcoholic hepatic steatosis. The Journal of nutrition. 2009 Nov 1;139(11):2067-71. 

8. x Xu ZJ, Fan JG, Ding XD, Qiao L, Wang GL. Characterization of high-fat, diet-induced, 

non-alcoholic steatohepatitis with fibrosis in rats. Digestive diseases and sciences. 2010 

Apr 1;55(4):931-40. 

9. Bellentani S, Marino M. Epidemiology and natural history of non-alcoholic liver disease 

(NAFLD). Annals of hepatology. 2009;8(S1):4-8. 

10. Bellentani S, Tiribelli C, Saccoccio G, Sodde M, Fratti N, De Martin C, Christianini G. 

Prevalence of chronic liver disease in the general population of northern Italy: the Dionysos 

Study. Hepatology. 1994 Dec;20(6):1442-9., 

11. Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepatitis: summary of an 

AASLD Single Topic Conference. Hepatology. 2003 May 1;37(5):1202-19. 

http://www.ajptr.com/


Kathale et. al., Am. J. PharmTech Res. 2020; 10(01)     ISSN: 2249-3387 

205 www.ajptr.com 

 

12. Ludwig J, Viggiano TR, Mcgill DB, Oh BJ. Nonalcoholic steatohepatitis: Mayo Clinic 

experiences with a hitherto unnamed disease. InMayo Clinic Proceedings 1980 Jul (Vol. 

55, No. 7, pp. 434-438). 

13. Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA, Bacon BR. 

Nonalcoholic steatohepatitis: a proposal for grading and staging the histological lesions. 

The American journal of gastroenterology. 1999 Sep 1;94(9):2467-74. 

14. Abdelmalek M, Ludwig J, Lindor KD. Two cases from the spectrum of nonalcoholic 

steatohepatitis. Journal of clinical gastroenterology. 1995 Mar;20(2):127-30. 

15. Okubo H, Sakoda H, Kushiyama A, Fujishiro M, Nakatsu Y, Fukushima T, Matsunaga Y, 

Kamata H, Asahara T, Yoshida Y, Chonan O. Lactobacillus casei strain Shirota protects 

against nonalcoholic steatohepatitis development in a rodent model. American Journal of 

Physiology-Gastrointestinal and Liver Physiology. 2013 Dec 15;305(12):G911-8. 

16. Duvnjak M, Gomerčić M, Tomašić V, Duvnjak LS, Baršić N, Lerotić I. Therapy of 

nonalcoholic fatty liver disease: current status. Journal of physiology and pharmacology. 

2009 Jan 1;60(S7):57. 

17. Satapathy SK, Sanyal AJ. Novel treatment modalities for nonalcoholic steatohepatitis. 

Trends in Endocrinology & Metabolism. 2010 Nov 1;21(11):668-75. 

18. National GC. Non-Alcoholic Fatty Liver Disease: Assessment and Management. 

19. Asgharpour A, Cazanave SC, Pacana T, Seneshaw M, Vincent R, Banini BA, Kumar DP, 

Daita K, Min HK, Mirshahi F, Bedossa P. A diet-induced animal model of non-alcoholic 

fatty liver disease and hepatocellular cancer. Journal of hepatology. 2016 Sep 1;65(3):579-

88. 

20. Angulo P. Nonalcoholic fatty liver disease. New England Journal of Medicine. 2002 Apr 

18;346(16):1221-31. 

21. Volynets V, Spruss A, Kanuri G, Wagnerberger S, Bischoff SC, Bergheim I. Protective 

effect of bile acids on the onset of fructose-induced hepatic steatosis in mice. Journal of 

lipid research. 2010 Dec 1;51(12):3414-24. 

22. Adams LA, Lymp JF, Sauver JS, Sanderson SO, Lindor KD, Feldstein A, Angulo P. The 

natural history of nonalcoholic fatty liver disease: a population-based cohort study. 

Gastroenterology. 2005 Jul 1;129(1):113-21. 

23. Van Herck MA, Vonghia L, Francque SM. Animal models of nonalcoholic fatty liver 

disease—a starter’s guide. Nutrients. 2017 Oct;9(10):1072.  

http://www.ajptr.com/


Kathale et. al.,  Am. J. PharmTech Res. 2020;10(01)  ISSN: 2249-3387 

www.ajptr.com  206 

 

24. Tilg H, Moschen AR. Evolution of inflammation in nonalcoholic fatty liver disease: the 

multiple parallel hits hypothesis. Hepatology. 2010 Nov;52(5):1836-46. 

25. Santis A. Intestinal permeability in non-alcoholic fatty liver disease: the gut-liver axis. 

Reviews on recent clinical trials. 2014 Sep 1;9(3):141-7. 

26. Pakravan H, Ahmadian M, Fani A, Aghaee D, Brumanad S, Pakzad B. The effects of 

melatonin in patients with nonalcoholic fatty liver disease: a randomized controlled trial. 

Advanced biomedical research. 2017;6. 

27. Berlanga A, Guiu-Jurado E, Porras JA, Auguet T. Molecular pathways in non-alcoholic 

fatty liver disease. Clinical and experimental gastroenterology. 2014;7:221. 

28. Kühn T, Nonnenmacher T, Sookthai D, Schübel R, Pacheco DA, von Stackelberg O, Graf 

ME, Johnson T, Schlett CL, Kirsten R, Ulrich CM. Anthropometric and blood parameters 

for the prediction of NAFLD among overweight and obese adults. BMC gastroenterology. 

2018 Dec 1;18(1):113. 

29. Loomba R, Sanyal AJ. The global NAFLD epidemic. Nature reviews Gastroenterology & 

hepatology. 2013 Nov;10(11):686-90. 

30. Lazo M, Hernaez R, Eberhardt MS, Bonekamp S, Kamel I, Guallar E, Koteish A, Brancati 

FL, Clark JM. Prevalence of nonalcoholic fatty liver disease in the United States: the Third 

National Health and Nutrition Examination Survey, 1988–1994. American journal of 

epidemiology. 2013 Jul 1;178(1):38-45. 

31. Cui Y, Wang Q, Li X, Zhang X. Experimental nonalcoholic fatty liver disease in mice 

leads to cytochrome p450 2a5 upregulation through nuclear factor erythroid 2-like 2 

translocation. Redox biology. 2013 Jan 1;1(1):433-40. 

32. Bellentani S, Bedogni G, Miglioli L, Tiribelli C. The epidemiology of fatty liver. European 

journal of gastroenterology & hepatology. 2004 Nov 1;16(11):1087-93. 

33. Fauzi NQ, Vishnupriya V, Gayathri R. Fatty Liver Disease-A Review. Research Journal of 

Pharmacy and Technology. 2016;9(8):1263-7. 

34. Puri P, Sanyal AJ. Nonalcoholic fatty liver disease: definitions, risk factors, and workup. 

Clinical Liver Disease. 2012 Sep;1(4):99. 

35. Burt AD, Lackner C, Tiniakos DG. Diagnosis and assessment of NAFLD: definitions and 

histopathological classification. InSeminars in liver disease 2015 Aug (Vol. 35, No. 03, pp. 

207-220). Thieme Medical Publishers. 

36. Mantovani A, Byrne CD, Bonora E, Targher G. Nonalcoholic fatty liver disease and risk of 

incident type 2 diabetes: a meta-analysis. Diabetes care. 2018 Feb 1;41(2):372-82. 

http://www.ajptr.com/


Kathale et. al., Am. J. PharmTech Res. 2020; 10(01)     ISSN: 2249-3387 

207 www.ajptr.com 

 

37. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, Harrison SA, Brunt 

EM, Sanyal AJ. The diagnosis and management of nonalcoholic fatty liver disease: practice 

guidance from the American Association for the Study of Liver Diseases. Hepatology. 

2018 Jan 1;67(1):328-57. 

38. Sasaki A, Nitta H, Otsuka K, Umemura A, Baba S, Obuchi T, Wakabayashi G. Bariatric 

surgery and non-alcoholic Fatty liver disease: current and potential future treatments. 

Frontiers in endocrinology. 2014 Oct 27;5:164. 

39. Subichin M, Clanton J, Makuszewski M, Bohon A, Zografakis JG, Dan A. Liver disease in 

the morbidly obese: a review of 1000 consecutive patients undergoing weight loss surgery. 

Surgery for Obesity and Related Diseases. 2015 Jan 1;11(1):137-41. 

40. Byrne CD, Targher G. NAFLD: a multisystem disease. Journal of hepatology. 2015 Apr 

1;62(1):S47-64. 

41. Fan N, Zhang L, Xia Z, Peng L, Wang Y, Peng Y. Sex-specific association between serum 

uric acid and nonalcoholic fatty liver disease in type 2 diabetic patients. Journal of diabetes 

research. 2016;2016. 

42. Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mechanisms of NAFLD 

development and therapeutic strategies. Nature medicine. 2018 Jul;24(7):908-22. 

43. Caussy C, Soni M, Cui J, Bettencourt R, Schork N, Chen CH, Al Ikhwan M, Bassirian S, 

Cepin S, Gonzalez MP, Mendler M. Nonalcoholic fatty liver disease with cirrhosis 

increases familial risk for advanced fibrosis. The Journal of clinical investigation. 2017 Jun 

30;127(7):2697-704. 

44. Loomba R, Schork N, Chen CH, Bettencourt R, Bhatt A, Ang B, Nguyen P, Hernandez C, 

Richards L, Salotti J, Lin S. Heritability of hepatic fibrosis and steatosis based on a 

prospective twin study. Gastroenterology. 2015 Dec 1;149(7):1784-93. 

45. Puchner SB, Lu MT, Mayrhofer T, Liu T, Pursnani A, Ghoshhajra BB, Truong QA, 

Wiviott SD, Fleg JL, Hoffmann U, Ferencik M. High-risk coronary plaque at coronary CT 

angiography is associated with nonalcoholic fatty liver disease, independent of coronary 

plaque and stenosis burden: results from the ROMICAT II trial. Radiology. 2015 

Mar;274(3):693-701. 

46. Ekstedt M, Nasr P, Kechagias S. Natural history of NAFLD/NASH. Current hepatology 

reports. 2017 Dec 1;16(4):391-7. 

47. Adams LA, Harmsen S, Sauver JL, Charatcharoenwitthaya P, Enders FB, Therneau T, 

Angulo P. Nonalcoholic fatty liver disease increases risk of death among patients with 

http://www.ajptr.com/


Kathale et. al.,  Am. J. PharmTech Res. 2020;10(01)  ISSN: 2249-3387 

www.ajptr.com  208 

 

diabetes: a community-based cohort study. The American journal of gastroenterology. 

2010 Jul;105(7):1567. 

48. Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, Bjornsson ES, Charatcharoenwitthaya 

P, Mills PR, Keach JC, Lafferty HD, Stahler A, Haflidadottir S. Liver fibrosis, but no other 

histologic features, is associated with long-term outcomes of patients with nonalcoholic 

fatty liver disease. Gastroenterology. 2015 Aug 1;149(2):389-97. 

49. Fuchs M, Schnabl B. Editors’ introduction to the NAFLD and NASH special issue. 

50. Ong JP, Younossi ZM. Epidemiology and natural history of NAFLD and NASH. Clinics in 

liver disease. 2007 Feb 1;11(1):1-6. 

51. Adams LA, Sanderson S, Lindor KD, Angulo P. The histological course of nonalcoholic 

fatty liver disease: a longitudinal study of 103 patients with sequential liver biopsies. 

Journal of hepatology. 2005 Jan 1;42(1):132-8. 

52. Tanaka N, Kimura T, Fujimori N, Nagaya T, Komatsu M, Tanaka E. Current status, 

problems, and perspectives of non-alcoholic fatty liver disease research. World journal of 

gastroenterology. 2019 Jan 14;25(2):163. 

53. Buzzetti E, Pinzani M, Tsochatzis EA. The multiple-hit pathogenesis of non-alcoholic fatty 

liver disease (NAFLD). Metabolism. 2016 Aug 1;65(8):1038-48. 

54. Carr RM, Oranu A, Khungar V. Nonalcoholic fatty liver disease: pathophysiology and 

management. Gastroenterology Clinics. 2016 Dec 1;45(4):639-52. 

55. Neuschwander-Tetri BA. Non-alcoholic fatty liver disease. BMC medicine. 2017 

Dec;15(1):45. 

56. Tanaka N, Aoyama T, Kimura S, Gonzalez FJ. Targeting nuclear receptors for the 

treatment of fatty liver disease. Pharmacology & therapeutics. 2017 Nov 1;179:142-57. 

57. Matsusue K, Kusakabe T, Noguchi T, Takiguchi S, Suzuki T, Yamano S, Gonzalez FJ. 

Hepatic steatosis in leptin-deficient mice is promoted by the PPARγ target gene Fsp27. 

Cell metabolism. 2008 Apr 9;7(4):302-11. 

58. Marra F, Bertolani C. Adipokines in liver diseases. Hepatology. 2009 Sep;50(3):957-69. 

59. Guy CD, Suzuki A, Zdanowicz M, Abdelmalek MF, Burchette J, Unalp A, Diehl AM, 

NASH CRN. Hedgehog pathway activation parallels histologic severity of injury and 

fibrosis in human nonalcoholic fatty liver disease. Hepatology. 2012 Jun;55(6):1711-21. 

60. Csak T, Ganz M, Pespisa J, Kodys K, Dolganiuc A, Szabo G. Fatty acid and endotoxin 

activate inflammasomes in mouse hepatocytes that release danger signals to stimulate 

immune cells. Hepatology. 2011 Jul;54(1):133-44. 

http://www.ajptr.com/


Kathale et. al., Am. J. PharmTech Res. 2020; 10(01)     ISSN: 2249-3387 

209 www.ajptr.com 

 

61. Yu J, Marsh S, Hu J, Feng W, Wu C. The pathogenesis of nonalcoholic fatty liver disease: 

interplay between diet, gut microbiota, and genetic background. Gastroenterology research 

and practice. 2016;2016. 

62. Musso G, Cassader M, Cohney S, Pinach S, Saba F, Gambino R. Emerging liver–kidney 

interactions in nonalcoholic fatty liver disease. Trends in molecular medicine. 2015 Oct 

1;21(10):645-62. 

63. Tsuchida T, Friedman SL. Mechanisms of hepatic stellate cell activation. Nature reviews 

Gastroenterology & hepatology. 2017 Jul;14(7):397 

64. Kawano Y, Cohen DE. Mechanisms of hepatic triglyceride accumulation in non-alcoholic 

fatty liver disease. Journal of gastroenterology. 2013 Apr 1;48(4):434-41. 

65. Townsend SA, Newsome PN. Non-alcoholic fatty liver disease in 2016. British medical 

bulletin. 2016 Sep;119(1):143. 

66. Wilkins T, Tadkod A, Hepburn I, Schade RR. Nonalcoholic fatty liver disease: diagnosis 

and management. American family physician. 2013 Jul 1;88(1):35-42. 

67. Brunt EM, Kleiner DE, Wilson LA, Belt P, Neuschwander‐Tetri BA, NASH Clinical 

Research Network (CRN). Nonalcoholic fatty liver disease (NAFLD) activity score and the 

histopathologic diagnosis in NAFLD: distinct clinicopathologic meanings. Hepatology. 

2011 Mar;53(3):810-20. 

68. Than NN, Newsome PN. A concise review of non-alcoholic fatty liver disease. 

Atherosclerosis. 2015 Mar 1;239(1):192-202. 

69. Loria P, Adinolfi LE, Bellentani S, Bugianesi E, Grieco A, Fargion S, Gasbarrini A, 

Loguercio C, Lonardo A, Marchesini G, Marra F. Practice guidelines for the diagnosis and 

management of nonalcoholic fatty liver disease: A decalogue from the Italian Association 

for the Study of the Liver (AISF) Expert Committee. Digestive and Liver Disease. 2010 

Apr 1;42(4):272-82. 

70. Dyson JK, Anstee QM, McPherson S. Non-alcoholic fatty liver disease: a practical 

approach to diagnosis and staging. Frontline gastroenterology. 2014 Jul 1;5(3):211-8. 

71. Mofrad P, Contos MJ, Haque M, Sargeant C, Fisher RA, Luketic VA, Sterling RK, 

Shiffman ML, Stravitz RT, Sanyal AJ. Clinical and histologic spectrum of nonalcoholic 

fatty liver disease associated with normal ALT values. Hepatology. 2003 Jun;37(6):1286-

92. 

72. Charatcharoenwitthaya P, Lindor KD. Role of radiologic modalities in the management of 

non-alcoholic steatohepatitis. Clinics in liver disease. 2007 Feb 1;11(1):37-54. 

http://www.ajptr.com/


Kathale et. al.,  Am. J. PharmTech Res. 2020;10(01)  ISSN: 2249-3387 

www.ajptr.com  210 

 

73. Pavlides M, Banerjee R, Sellwood J, Kelly CJ, Robson MD, Booth JC, Collier J, Neubauer 

S, Barnes E. Multiparametric magnetic resonance imaging predicts clinical outcomes in 

patients with chronic liver disease. Journal of hepatology. 2016 Feb 1;64(2):308-15. 

74. European Association for the Study of The Liver, European Association for the Study of 

Diabetes (EASD. EASL-EASD-EASO Clinical Practice Guidelines for the management of 

non-alcoholic fatty liver disease. Obesity facts. 2016;9(2):65-90. 

75. Dyson JK, Anstee QM, McPherson S. Republished: non-alcoholic fatty liver disease: a 

practical approach to treatment. Postgraduate medical journal. 2015 Feb 1;91(1072):92-

101. 

76. Harrison SA, Day CP. Benefits of lifestyle modification in NAFLD. Gut. 2007 Dec 

1;56(12):1760-9. 

77. Dyson J, Day C. Treatment of non-alcoholic fatty liver disease. Digestive diseases. 

2014;32(5):597-604. 

78. Ahmed M. Management of Nonalcoholic Fatty Liver Disease (NAFLD). InNon-Alcoholic 

Fatty Liver Disease-Molecular Bases, Prevention and Treatment 2017 Dec 20. IntechOpen. 

79. Than NN, Newsome PN. A concise review of non-alcoholic fatty liver disease. 

Atherosclerosis. 2015 Mar 1;239(1):192-202. 

80. Mummadi RR, Kasturi KS, Chennareddygari S, Sood GK. Effect of bariatric surgery on 

nonalcoholic fatty liver disease: systematic review and meta-analysis. Clinical 

Gastroenterology and Hepatology. 2008 Dec 1;6(12):1396-402.    

 

 

 

 

 

  AJPTR is 

 Peer-reviewed       

 bimonthly 

 Rapid publication 

Submit your manuscript at: editor@ajptr.com 

http://www.ajptr.com/
mailto:editor@ajptr.com

