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Abstract:

NAFLD is defined by the presence of fat in the liver (>5% hepatocytes show macrovesicular steatosis) without 
evidence of other causes of fat accumulation in the liver such as alcohol use (< 20 g/d for women and <30 g/d for 
men), hepatitis C or certain medications. The spectrum of disease includes NAFL, NASH, cirrhosis and HCC. Disease 
progression depends on stages of fibrosis. Patients are usually referred with incidentally noted hepatic steatosis on 
imaging or elevated liver enzymes. Although liver biopsy is the gold standard for diagnosis but worldwide it’s much 
under practiced and several non invasive tests are currently recommended to identify at risk NASH (≥ stage 2 fibrosis) 
or advance fibrosis who are at highest risk of developing to cirrhosis. Screening in high-risk populations - T2DM, 
obesity with metabolic complications, a family history of cirrhosis or significant alcohol use allows for interventions 
that may prevent future hepatic complications. Currently, about 38% of the global population has a diagnosis of 
NAFLD. The incidence of hepatic decompensation, HCC and death related to NASH cirrhosis are expected to increase 
2-to 3-fold by 2030. NASH- cirrhosis  is already the leading indication of liver transplantation worldwide. Currently 
no specific treatments is licensed for NASH, lifestyle modification and exercise, primarily weight loss is the key to 
management. The rising clinical and economic burden of NAFLD has highlighted the need for a streamlined approach 
to prevention, diagnosis, and treatment of the disease that has been discussed in this narrative review.
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Introduction:

Non-alcoholic fatty liver disease (NAFLD) is the 
hepatic manifestation of the metabolic syndrome1(1). It is 
commonly associated with obesity, insulin resistance, 
dyslipidemia, central obesity and hypertension2. The 
global prevalence of NAFLD has grown immensely 
over the last few decades, in parallel with the epidemics 
of obesity and Type 2 Diabetes Mellitus (T2DM) 
affecting around one-third of the global population that 
imposes a significant socioeconomic burden3,4.

Most patients remain asymptomatic with slowly 
progressive disease, but a minority progress to cirrhosis, 

liver failure and hepatocellular carcinoma (HCC)5.  
Because of the close association between NAFLD and 
metabolic syndrome; cardiovascular disease and 
extrahepatic malignancies remain the leading causes of 
death6,7 in contrast to hepatic complications who 
developed cirrhosis8. The purpose of this review is to 
summarize the latest knowledge based on  updated 
guideline, guidance recommendations and recent 
publications  for the management of adult NAFLD.

Definitions:
NAFLD is a generic name that encompasses the 
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spectrum of steatosis or non alcoholic fatty liver 
(NAFL) to non-alcoholic steatohepatitis (NASH), 
cirrhosis and HCC9.

112

Address of the correspondence:
Dr. Syeda Nur-E-Jannat, MBBS, FCPS (Medicine), MD 
(Gastroenterology), Assistant Professor, Department of 
Gastroenterology, Dhaka Medical College, Dhaka. Phone: 
+8801819442631, Email: jannatdmc@yahoo.com

NAFLD: Hepatic steatosis (>5% hepatocytes show 
macrovesicular steatosis) in the absence of other causes 
of liver disease and alcohol use <30 g/d in males and 
<20 g/d in females9.

NASH: Defined on liver histology with NAFLD 
activity score (NAS) ≥510. NAS is calculated by sum of 
the scores for steatosis, lobular inflammation and 
ballooning, used to evaluate histological changes over 
time rather than to serve as diagnostic criteria for 
NASH10. Steatosis grade is defined by percentage of 
hepatocytes showing fat on liver histology. Grade 1 
(5-33%), grade 2 (34-66%) and grade 3 (≥66%)10, 
usually macrovesicular; however, in 10% of patients 
with NAFLD microvesicular steatosis may also be 
present11. Lobular inflammation is  graded by number of 
inflammatory foci per 200 X field, as grade 1 (<2 foci), 
grade 2 (2-4 foci) and grade 3 (>4 foci)10. Hepatocyte 
ballooning is graded by number of ballooned 
hepatocytes, as grade 1 (few balloon cells), and grade 2 
(many ballooned cells)10.

Hepatic Fibrosis: Fibrosis stage is defined as stage 1 
with peri-sinusoidal or portal fibrosis, stage 2 with 
peri-portal fibrosis, stage 3 as bridging fibrosis and stage 
4 with cirrhosis10.

Recently, it has been suggested that the term NAFLD 
does not reflect the heterogeneous pathogenesis or 
various courses of fatty liver disease. In 2019, a 
consensus by 32 experts suggested an alternative 
terminology, metabolic (dysfunction)-associated fatty 
liver disease (MAFLD), to more accurately reflect the 
pathogenesis of this disease12.

Variants of NAFLD:

Lean NAFLD: NAFLD in people with normal body 
weight (BMI <23kg/m2 for Asians or <25 kg/m2 for 
Westerners)9. More prevalent in Asia13. Compared to 
healthy people,  had higher metabolic syndrome 
occurrence, diastolic BP, HbA1c, and insulin 
resistance14. Independant stronger risk factor for higher 
rates of all-cause mortality, cirrhosis, and HCC than 
obese NAFLD14.

Metabolically healthy NAFLD: Does not meet any 
metabolic syndrome criteria15.

Metabolic (dysfunction) Associated Fatty Liver 
Disease (MAFLD): In addition to steatosis they have 
one of the following three criteria: overweight/obesity, 
type 2 Diabetes Mellitus (DM) and evidence of 
metabolic dysregulation.

Natural history of NAFLD:

Disease progression: The transition from NAFL to 
NASH is quite dynamic. Fibrosis progression is 
significantly slower in NAFL than NASH, requiring 14 
years per stage of fibrosis, whereas in NASH, each stage 
progresses over 7 years16. Approximately 20% of NASH 
may be classified as ‘‘rapid progressors,’’ in whom each 
stage progresses in less than 7 years. Predictors of rapid 
progression may include higher serum ALT, presence of 
diabetes, family history of cirrhosis in first-degree 
relatives and possibly genetic susceptibility.

Only 20% of individuals with NAFLD have NASH, and 
20% of NASH may progress to cirrhosis over 3–4 
decades16 with a risk of development of HCC~1.5%–2% 
per year (Figure-1)17. Therefore, HCC screening and 
surveillance are routinely recommended with ultrasound 
with or without alpha-fetoprotein (AFP) every 6 
monthly in NASH-related cirrhosis17.

Figure-1: Natural history of NAFLD

Extrahepatic complications of NAFLD

Cardiovascular disease is the leading cause of mortality 
followed by extrahepatic cancer, then liver related 
death18. In a Japanese cohort, the adjusted hazard ratio 
for CVD was~10-fold higher in non-obese individuals 
with NAFLD compared with those without NAFLD19. 
Cancer in stomach, pancreas and colon increases by 
2-fold and trend toward a younger age at diagnosis20.

Epidemiology:

Globally NAFLD is currently the most common chronic 
liver disease. It’s prevalence has increased by more than 
50% over the last three decades, from 25.3% in 
1990-2006 to 38.0% in 2016-20194.

Regional trends:

The pooled prevalence of NAFLD in 1990-2019 was 
33.8% in South Asia, 33.1% in Southeast Asia, 29.7% in 
East Asia, and 28.0% in Oceania4. The prevalence of 
NASH in Europe was 4.0%21, the highest NAFLD 
prevalence rate was observed in Latin America 
(44.4%)4.
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NAFLD: Hepatic steatosis (>5% hepatocytes show 
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of liver disease and alcohol use <30 g/d in males and 
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NAFLD in special population:

Among patients with T2DM, the prevalence of NAFLD 
and NASH  is around 56% and 37% respectively with 
around twice higher risk of developing cirrhosis and 
HCC  compared to non-diabetic populations22,23. In 
polycystic ovarian syndrome, HIV infected patients the 
prevalence of NAFLD is also considerable at around 
43%24 and 22-42%25 respectively. Patients with NAFLD 
who continue alcohol consumption have  higher stages 
of fibrosis at presentation, and worse prognosis26,27.

NAFLD is the main driver of an increase in chronic liver 
disease among adolescents and young adults28. Children 
of obese mothers seem to be at a higher risk of 
developing NAFLD potentially of a more advanced 
severity29.

Cirrhosis and its complications:

NASH is emerging as one of the leading causes of 
cirrhosis, cirrhotic complications, HCC and liver-related 
death30. It’s true burden has traditionally been 
underestimated, as NAFLD-related cirrhosis is often 
labelled as “cryptogenic cirrhosis” and “other cirrhosis”, 
which are often burned-out NASH in reality31. 
Modelling studies have estimated that both compensated 
and decompensated NAFLD related cirrhosis will be 
increased by 2-3 fold in most countries between 2016 
and 2030, with an increase ranging from +64% in Japan 
to +156% in France2,32,33.

NAFLD has increasingly been identified as the cause of 
HCC, accounting for 0-3% of cases in the 1990s to 
12-29% in the 2010s in other European studies34, and in 
Italy, already the top aetiology of HCC in 202335. The 
aetiologies of HCC in Asia are also undergoing a change 
from viral to non-viral causes–predominantly 
NAFLD36. In a recent report from six countries in South 
America, NAFLD is now the most common aetiology in 
HCC cases37.

NASH-related cirrhosis is already the leading indication 
for liver transplantation (LT) in women and those >65 
years of age in the United States38,39 and a rapidly 
increasing indication elsewhere in the world40. In the 
European LT Registry, NAFLD-related cirrhosis 
represented up to 8.4% of LT for cirrhosis in 201641.

Molecular and cellular pathogenesis:
When energy intake exceeds metabolic needs and 
disposal capacity, carbohydrates, in the form of dietary 
sugars (eg, fructose, sucrose, and glucose) and saturated 
fat drive the formation and accumulation of intrahepatic 

triglyceride by de novo lipogenesis (DNL) 42-43 
(Figure-2)

Figure-2: Metabolic mechanism of NAFLD

Insulin resistance is universal and is present in the liver, 
adipose tissue, and muscle44. Skeletal muscle insulin 
resistance, one of  the earliest defects associated with 
metabolic syndrome and prediabetes45, occurs due to 
ectopic lipid deposition in skeletal muscle, leads to 
decreased insulin-stimulated glucose transport and 
muscle glycogen synthesis in skeletal muscle and divert  
glucose to liver for DNL46,47. Development of hepatic 
insulin resistance, where insulin activation of glycogen 
synthase is impaired, also redirect glucose into lipogenic 
pathways48. Adipocyte dysfunction due to  an 
oversupply of fat to adipocytes, activates inflammatory 
pathways and causes insulin resistance leading to 
increase in fatty acid delivery to the liver promoting 
hepatic steatosis and dyslipidemia48.

Genetic polymorphisms is associated with the 
development of NAFLD, NASH-cirrhosis, and HCC by 
impacting hepatocyte lipid metabolism who have 
metabolic risk factors such as obesity, diabetes, 
metabolic syndrome as well as other environmental 
factors, like alcohol and smoking49. The PNPLA3 gene 
is a major driver, I148M polymorphism of PNPLA3 
impairs lipolysis of triglyceride in lipid droplets50. Other 
genetic factors are also involved in NASH 
progression(Figure-3).

Figure-3: A gene-environment nexus drives the risk of 
cirrhosis and HCC in NASH
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Gut microbiome dysbiosis is emerging as a crucial 
factor in the development of NAFLD and NAFLD-HCC 
by dysregulating the gut–liver axis(Figure-4)51, leading 
to increased intestinal permeability and unrestrained 
transfer of microbial metabolites into the liver where 
bacteria can stimulate  hepatic immune cells, activate 
inflammation pathways, and eventually proceed to 
NAFLD/NAFLD-HCC52,53. Recently, a universal gut 
microbiome signature in NASH-cirrhosis has also been 
described53. Two types of bacteria, Prevotella copri and 
Bacteroides vulgatus, have been shown to drive the 
production of branched chain amino acids (BCAA) in 
the gut which is raised  in people with insulin 
resistance54.

Figure-4: Gut-Liver axis

Co-morbid conditions associated with NAFLD:

Obesity: Pattern of body fat distribution is an important 
determinant than BMI alone. Android body fat 
distribution (increased truncal subcutaneous fat and 
visceral fat) confers a higher risk of insulin resistance, 
CVD and hepatic fibrosis, irrespective of BMI55,56. In 
contrast, gynoid body fat distribution (increased 
subcutaneous body fat) predominantly in the buttocks, 
appears to be protective against NAFLD57.  Visceral fat 
is  more metabolically active and inflammatory than 
subcutaneous fat, mediates the majority of this risk58.

Type 2 diabetes mellitus (T2DM): T2DM is the most 
impactful risk factor for the development of NAFLD, 
fibrosis progression and HCC59,60. Insulin resistance  is 
the key pathophysiology for both T2DM and the 
progression of histological lesions in NAFLD; NAFLD 
is present in almost 30-70% of patients with T2DM61, 
whereas 25% of patients with NAFLD have T2DM60. 
Even in absence of overt diabetes, NAFLD is associated 
with reduction of insulin sensitivity in early course of 
disease44 and 2-5 fold increase risk of DM62. Diabetic 
patients have almost 3- to 5-fold higher risk to be 
hospitalized or die because of NASH-cirrhosis63. So all 
patient with NAFLD and T2DM should be screened for 

T2DM and advanced fibrosis respectively. Both drive an 
increase risk in CVD (2 fold), CKD (3.5 times) and 
malignancy64.

Hypertension: Hypertension is commonly associated. 
Its incidence ranges from 6.5/100 person-years 
(NAFLD) to 14.5/100 person-years (NASH cirrhosis)8.

Dyslipidemia: NAFLD is associated with twice 
increased risk of dyslipidemia characterized by 
decreased serum HDL and increased serum TG levels 
leading to CVD9. Study showed that incidence of CVD 
was similar in both NASH and NAFLD, mean LDL did 
not differ  but small dense low-density lipoprotein 
(sdLDL) cholesterol was more atherogenic and was 
significantly higher (sdLDL-C > 25 mg/dL) among  
patients who had CVD compared with those who 
didn’t65.

Obstructive sleep apnoea (OSA): OSA is associated 
with NAFLD and NASH cirrhosis66,67. Intermittent 
hypoxia, a critical consequence of  OSA, has been 
linked to mitochondrial dysfunction66, dysregulation of 
glucose and lipid metabolism68, worse insulin 
resistance69, and increased hepatic DNL70.

Cardiovascular disease (CVD): NAFLD is 
independently associated with increased risk of acute 
coronary syndrome and stroke and cardiac death- the 
leading cause of mortality in patient with NAFLD65. A 
strong association exists between NAFLD and 
atherosclerotic heart disease, heart failure, and 
arrhythmias, particularly atrial fibrillation71,72. 
Aggressive management of  CVD risk factors like 
hypertension, dyslipidemia, hyperglycemia and 
promoting smoking cessation with the goal of reducing  
CVD morbidity and mortality is critical to improving 
outcomes in patients with NAFLD18,20.

Chronic kidney disease (CKD): Prevalence and 
incidence of CKD is higher among patients with NASH 
and advanced fibrosis9, mostly associated with 
microvascular diabetic complications73.

Initial evaluation of NAFLD:

Patients with NAFLD are most commonly referred with 
incidentally noted hepatic steatosis on imaging or 
elevated liver chemistries. Aminotransferases may be 
normal in >50% patients with NASH and elevated in 
NAFLD patients without NASH74,75.

History & clinical examination regarding weight gain, 
other co-morbidities like HTN, DM, Dyslipidemia, 
CVD, CKD, hypothyroid, OSA, PCOS, hypogonadism, 
GH deficiency, recent or current medications, detailed 
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alcohol history & family history - T2DM, NAFLD, 
cirrhosis should be noted. Detailed laboratory 
investigations includes CBC with platelets, hepatic & 
renal panel, OGTT, fasting lipid profile, TSH, HCV, 
HBV & other investigations to exclude other causes of 
elevated aminotransferase like Wilson disease, AIH, 
haemochromatosis should be done.

Assessing the severity of liver disease:
Who should be screened ?
Screening in high-risk populations - T2DM22,76, obesity 
with metabolic complications77, a family history of 
cirrhosis78, or significant alcohol use79, allows for 
interventions that may prevent future hepatic 
complications23.

Liver biopsy: Liver biopsy remains the reference 
standard for the grading and staging of NASH80, is 
invasive and carries a risk of complications81, is limited 
by sampling variability82 and high observer dependent 
variability in pathological reporting83. However  
real-world rates of biopsy in NASH patients have been 
found to be low (<2%)84. Current evidence does not 
support routine liver biopsy for diagnosis of 
NAFL/NASH, but  may be considered in whom 
competing etiologies for NASH and the presence and/or 
severity of coexisting CLDs cannot be excluded without 
a liver biopsy85.

Biomarkers / Non Invasive Tests (NITs): NIT is useful 
to rule out people unlikely to have advanced liver 
disease, without need for biopsy86. According to clinical 
context of use, non-invasive imaging, blood tests are 
becoming more important for staging and quantifying 
disease.

Identification of NAFLD:

Ultrasonogram although most widely used, has low 
sensitivity in detecting less severe steatosis87. CT scan 
lacks specificity and sensitivity, and exposes the patient 
to ionizing radiation. The controlled attenuation 
parameter (CAP) provides a useful indication of 
NAFLD, but the  gold standard has become 
MRI-derived proton density fat fraction (MRI-PDFF), 
for its ability to quantify fat content88.

Assessment of degree of fibrosis:

Fibrosis is assessed by measuring indirect biomarkers, 
primarily based on liver stiffness measurement (LSM)89. 
It is assessed by elastography, with vibration controlled 
transient elastography (VCTE) (FibroScan) imaging 
machine the most commonly used90. Patients  with 

higher liver stiffness also have higher liver-related 
mortality,  suggesting that this is a prognostic 
biomarker91. Magnetic Resonance Elastography (MRE) 
is more sensitive than VCTE in the detection of fibrosis 
stage ≥292.

Few blood-based biomarkers have be developed to asses 
stages and progression of fibrosis93 Table I. Although 
FIB-4 is statistically inferior to imaging based 
elastography methods, still it is recommended as the 
first line assessment tool for general practitioners due to 
its simplicity and minimal costs.

Tests Description

AST: ALT ratio AST (IU/L) / ALT (IU/L)

AST to platelet AST (IU/L)/(ULN)/platelet count ratio 
index (x109 /L) x 100

BARD score Weighted sum of BMI≥28 = 1 point,
 AST/ ALT ratio ≥0.8 = 2 points, T2DM=1

FIB-4 score Age x AST (IU/L)/platelet count
 (x109 /L) x √ ALT (IU/L)

NAFLD fibrosis −1.675+0.037 x age (years)+0.094 x score 
(NFS) BMI (kg/m2 )+1.13 x IFG or T2DM
 (yes=1, no=0)+0.99 x AST/ALT ratio −   
 0.013 x platelet (x109 /L) − 0.66 x   
 albumin (g/dL)

Combination of various blood based biomarkers along 
with imaging can be used for more accurate assessment 
of degree of steatosis, inflammation and fibrosis 
particularly to identify following  clinically relevant 
NAFLD categories.

Identify ‘At risk NASH’:

where steatohepatitis is active and there is moderate 
fibrosis (NAS≥4, Fibrosis stage ≥2)- they are likely to 
progress to cirrhosis—is particularly important for 
identifying candidates for treatment94.

The FAST score, which combines liver stiffness and 
CAP from the FibroScan and the circulating biomarker 
(AST:ALT ratio), above 0.67 indicates moderate fibrosis 
requiring intervention while below 0.35 would exclude 
fibrosis95. MEFIB index (FIB-4 ≥1.6 plus MRE ≥3.3 
kPa), yields a 97.1 positive predictive value for 
identifying stage 2 fibrosis96 and has been shown to be 
superior to FAST97.

Identification of advanced fibrosis:

FIB-4 index and VCTE are widely used for identifying 
advanced fibrosis-bridging fibrosis (stage 3) or 

cirrhosis (stage 4)- who are likely to see outcomes 
worsen significantly98.

Recent meta-analysis suggested that combining FIB-4 
and LSM-VCTE sequentially, FIB-4 <1.3; LSM-VCTE 
<8.0 kPa, can be used to rule out advanced fibrosis and 
FIB-4 ≥3.48; LSM-VCTE   ≥20.0 kPa can diagnose 
cirrhosis without need of liver biopsy  with 95% 
specificity99. LSMs by VCTE between 8 and 12 kPa 
indicates fibrotic NASH and LSM >12 kPa is associated 
with a high likelihood of advanced fibrosis98,99.

MRE ≥5 kPa has 95% specificity for diagnosis of 
cirrhosis and associated with increased risk of hepatic 
decompensation (U,V) Enhanced liver fibrosis (ELF) 
test (combining procollagen III N-terminal peptide, 
hyaluronic acid, tissue inhibitor of metalloproteinase 1) 
with score of ≥9.8 reliably identifies advanced fibrosis 
and ELF ≥11.3 associated with increased risk of hepatic 
decompensation with cirrhosis100.

A positive MEFIB (FIB-4 ≥1.6 plus MRE ≥3.3 kPa) has 
been linked to increased risk of hepatic decompensation, 
and  a negative MREFIB has a 99% negative predictive 
value for a 5-year risk of hepatic decompensation101.

Who should be referred to gastroenterologist/ 
hepatologist ?

In the primary care setting, if FIB-4 <1.3, patients with  
≥2 metabolic risk factors, particularly with pre-DM, 
T2DM  can be followed and reassessed periodically 
with FIB-4 every 1–2 yearly (Figure-5) If FIB4 ≥1.3, a 
secondary assessment should be done preferentially 
VCTE or ELF initially and those with persistently 
elevated aminotransferases (>6 mo) should be referred  
to gastroenterologist/hepatologist102.

Figure-5: Algorithm for the evaluation of patients at risk 
for or with established NAFLD across practice settings.

Treatment:

Weight loss: Weight loss is the key to improve hepatic 
steatosis,  achieved by a combination of a daily calorie 
reduction by 500–1000 kcal and moderate-intensity 
exercise85.  Weight loss of at least 3%–5% of body 
weight improves steatosis and 7%–10% improves the 
majority of the histopathological features of NASH, 
including fibrosis85,103.

Diets with limited carbohydrates and saturated fat and 
enriched with high fiber and unsaturated fats (e.g., 
Mediterranean diet, intermittent fasting) offers 
additional cardiovascular benefits104. The best evidence 
of benefit comes from the Mediterranean diet containing 
plentiful intake of olive oil, vegetables, fruits and nuts, 
legumes, whole grains, fish and seafood, and a low 
intake of red meat and especially processed meat, along 
with reduced carbohydrates intake (40% of the calories 
vs 50%–60% in a typical low-fat diet), especially 
sugars.

Exercise, independent of weight loss, has hepatic and 
cardiometabolic benefit105,106. Regular moderate 
exercise at least 5 times per week for a total of 150 
minutes per week or an increase in activity level by 
more than 60 minutes per week can prevent or improve 
NAFLD106,107. In patient with NASH cirrhosis and 
obesity weight loss and regular physical exercise reduce 
portal pressure108,  improve frailty, sarcopenia  and 
quality of life109.

Cardiovascular risk reduction: Commonly associated 
metabolic disease like diabetes, hypertension, 
dyslipidemia, coronary artery disease should be 
addressed aggressively as they are at high risk for 
cardiovascular morbidity and mortality.

Statins are safe and recommended for CVD risk 
reduction in patients with NAFLD across the disease 
spectrum, including compensated cirrhosis110 and may 
be considered in decompensated cirrhosis  with high 
CVD risk with careful monitoring111. Statins also 
provide anti-inflammatory, anti-oxidant, and 
anti-thrombotic benefits by targeting pathways that are 
activated in the pathophysiology of NAFLD112.

In patients with NAFLD and hypertriglyceridemia (eg, 
> 500 mg/dL), fibrates, or a combination of fibrates with 
omega-3 fatty acids or icosapent ethyl, reduce the risk of 
pancreatitis. Fibrates may also improve atherosclerotic 
CVD outcomes when triglyceride ≥ 200 mg/dL and 
HDL-C <40 mg/dl. In high-risk individuals, icosapent 
ethyl is indicated as an adjunct to statin therapy to 
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alcohol history & family history - T2DM, NAFLD, 
cirrhosis should be noted. Detailed laboratory 
investigations includes CBC with platelets, hepatic & 
renal panel, OGTT, fasting lipid profile, TSH, HCV, 
HBV & other investigations to exclude other causes of 
elevated aminotransferase like Wilson disease, AIH, 
haemochromatosis should be done.

Assessing the severity of liver disease:
Who should be screened ?
Screening in high-risk populations - T2DM22,76, obesity 
with metabolic complications77, a family history of 
cirrhosis78, or significant alcohol use79, allows for 
interventions that may prevent future hepatic 
complications23.

Liver biopsy: Liver biopsy remains the reference 
standard for the grading and staging of NASH80, is 
invasive and carries a risk of complications81, is limited 
by sampling variability82 and high observer dependent 
variability in pathological reporting83. However  
real-world rates of biopsy in NASH patients have been 
found to be low (<2%)84. Current evidence does not 
support routine liver biopsy for diagnosis of 
NAFL/NASH, but  may be considered in whom 
competing etiologies for NASH and the presence and/or 
severity of coexisting CLDs cannot be excluded without 
a liver biopsy85.

Biomarkers / Non Invasive Tests (NITs): NIT is useful 
to rule out people unlikely to have advanced liver 
disease, without need for biopsy86. According to clinical 
context of use, non-invasive imaging, blood tests are 
becoming more important for staging and quantifying 
disease.

Identification of NAFLD:

Ultrasonogram although most widely used, has low 
sensitivity in detecting less severe steatosis87. CT scan 
lacks specificity and sensitivity, and exposes the patient 
to ionizing radiation. The controlled attenuation 
parameter (CAP) provides a useful indication of 
NAFLD, but the  gold standard has become 
MRI-derived proton density fat fraction (MRI-PDFF), 
for its ability to quantify fat content88.

Assessment of degree of fibrosis:

Fibrosis is assessed by measuring indirect biomarkers, 
primarily based on liver stiffness measurement (LSM)89. 
It is assessed by elastography, with vibration controlled 
transient elastography (VCTE) (FibroScan) imaging 
machine the most commonly used90. Patients  with 

higher liver stiffness also have higher liver-related 
mortality,  suggesting that this is a prognostic 
biomarker91. Magnetic Resonance Elastography (MRE) 
is more sensitive than VCTE in the detection of fibrosis 
stage ≥292.

Few blood-based biomarkers have be developed to asses 
stages and progression of fibrosis93 Table I. Although 
FIB-4 is statistically inferior to imaging based 
elastography methods, still it is recommended as the 
first line assessment tool for general practitioners due to 
its simplicity and minimal costs.

Tests Description

AST: ALT ratio AST (IU/L) / ALT (IU/L)

AST to platelet AST (IU/L)/(ULN)/platelet count ratio 
index (x109 /L) x 100

BARD score Weighted sum of BMI≥28 = 1 point,
 AST/ ALT ratio ≥0.8 = 2 points, T2DM=1

FIB-4 score Age x AST (IU/L)/platelet count
 (x109 /L) x √ ALT (IU/L)

NAFLD fibrosis −1.675+0.037 x age (years)+0.094 x score 
(NFS) BMI (kg/m2 )+1.13 x IFG or T2DM
 (yes=1, no=0)+0.99 x AST/ALT ratio −   
 0.013 x platelet (x109 /L) − 0.66 x   
 albumin (g/dL)

Combination of various blood based biomarkers along 
with imaging can be used for more accurate assessment 
of degree of steatosis, inflammation and fibrosis 
particularly to identify following  clinically relevant 
NAFLD categories.

Identify ‘At risk NASH’:

where steatohepatitis is active and there is moderate 
fibrosis (NAS≥4, Fibrosis stage ≥2)- they are likely to 
progress to cirrhosis—is particularly important for 
identifying candidates for treatment94.

The FAST score, which combines liver stiffness and 
CAP from the FibroScan and the circulating biomarker 
(AST:ALT ratio), above 0.67 indicates moderate fibrosis 
requiring intervention while below 0.35 would exclude 
fibrosis95. MEFIB index (FIB-4 ≥1.6 plus MRE ≥3.3 
kPa), yields a 97.1 positive predictive value for 
identifying stage 2 fibrosis96 and has been shown to be 
superior to FAST97.

Identification of advanced fibrosis:

FIB-4 index and VCTE are widely used for identifying 
advanced fibrosis-bridging fibrosis (stage 3) or 

cirrhosis (stage 4)- who are likely to see outcomes 
worsen significantly98.

Recent meta-analysis suggested that combining FIB-4 
and LSM-VCTE sequentially, FIB-4 <1.3; LSM-VCTE 
<8.0 kPa, can be used to rule out advanced fibrosis and 
FIB-4 ≥3.48; LSM-VCTE   ≥20.0 kPa can diagnose 
cirrhosis without need of liver biopsy  with 95% 
specificity99. LSMs by VCTE between 8 and 12 kPa 
indicates fibrotic NASH and LSM >12 kPa is associated 
with a high likelihood of advanced fibrosis98,99.

MRE ≥5 kPa has 95% specificity for diagnosis of 
cirrhosis and associated with increased risk of hepatic 
decompensation (U,V) Enhanced liver fibrosis (ELF) 
test (combining procollagen III N-terminal peptide, 
hyaluronic acid, tissue inhibitor of metalloproteinase 1) 
with score of ≥9.8 reliably identifies advanced fibrosis 
and ELF ≥11.3 associated with increased risk of hepatic 
decompensation with cirrhosis100.

A positive MEFIB (FIB-4 ≥1.6 plus MRE ≥3.3 kPa) has 
been linked to increased risk of hepatic decompensation, 
and  a negative MREFIB has a 99% negative predictive 
value for a 5-year risk of hepatic decompensation101.

Who should be referred to gastroenterologist/ 
hepatologist ?

In the primary care setting, if FIB-4 <1.3, patients with  
≥2 metabolic risk factors, particularly with pre-DM, 
T2DM  can be followed and reassessed periodically 
with FIB-4 every 1–2 yearly (Figure-5) If FIB4 ≥1.3, a 
secondary assessment should be done preferentially 
VCTE or ELF initially and those with persistently 
elevated aminotransferases (>6 mo) should be referred  
to gastroenterologist/hepatologist102.

Figure-5: Algorithm for the evaluation of patients at risk 
for or with established NAFLD across practice settings.

Treatment:

Weight loss: Weight loss is the key to improve hepatic 
steatosis,  achieved by a combination of a daily calorie 
reduction by 500–1000 kcal and moderate-intensity 
exercise85.  Weight loss of at least 3%–5% of body 
weight improves steatosis and 7%–10% improves the 
majority of the histopathological features of NASH, 
including fibrosis85,103.

Diets with limited carbohydrates and saturated fat and 
enriched with high fiber and unsaturated fats (e.g., 
Mediterranean diet, intermittent fasting) offers 
additional cardiovascular benefits104. The best evidence 
of benefit comes from the Mediterranean diet containing 
plentiful intake of olive oil, vegetables, fruits and nuts, 
legumes, whole grains, fish and seafood, and a low 
intake of red meat and especially processed meat, along 
with reduced carbohydrates intake (40% of the calories 
vs 50%–60% in a typical low-fat diet), especially 
sugars.

Exercise, independent of weight loss, has hepatic and 
cardiometabolic benefit105,106. Regular moderate 
exercise at least 5 times per week for a total of 150 
minutes per week or an increase in activity level by 
more than 60 minutes per week can prevent or improve 
NAFLD106,107. In patient with NASH cirrhosis and 
obesity weight loss and regular physical exercise reduce 
portal pressure108,  improve frailty, sarcopenia  and 
quality of life109.

Cardiovascular risk reduction: Commonly associated 
metabolic disease like diabetes, hypertension, 
dyslipidemia, coronary artery disease should be 
addressed aggressively as they are at high risk for 
cardiovascular morbidity and mortality.

Statins are safe and recommended for CVD risk 
reduction in patients with NAFLD across the disease 
spectrum, including compensated cirrhosis110 and may 
be considered in decompensated cirrhosis  with high 
CVD risk with careful monitoring111. Statins also 
provide anti-inflammatory, anti-oxidant, and 
anti-thrombotic benefits by targeting pathways that are 
activated in the pathophysiology of NAFLD112.

In patients with NAFLD and hypertriglyceridemia (eg, 
> 500 mg/dL), fibrates, or a combination of fibrates with 
omega-3 fatty acids or icosapent ethyl, reduce the risk of 
pancreatitis. Fibrates may also improve atherosclerotic 
CVD outcomes when triglyceride ≥ 200 mg/dL and 
HDL-C <40 mg/dl. In high-risk individuals, icosapent 
ethyl is indicated as an adjunct to statin therapy to 
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reduce atherosclerotic CVD risk. Pioglitazone used for  
glycemic control has concomitant beneficiary effect on 
lipid profile102.

Bariatric surgery: Currently accepted criteria for 
bariatric surgery are BMI ≥40 kg/m2 irrespective of 
metabolic comorbidities or BMI ≥ 35 kg/m2 with 
comorbidities (T2DM or prediabetes, uncontrolled 
hypertension, osteoarthritis of hip or knee, urinary 
incontinence), NAFLD/NASH is increasingly accepted 
as a co-morbid condition benefiting from bariatric 
surgery113. Bariatric surgery should be considered as a 
therapeutic option in patients who meet criteria for 
surgery, as it effectively resolves NAFLD or NASH in 
the majority of  patients without cirrhosis, induce 
sustained weight loss of up to 30%, cure diabetes, and 
decrease all-cause morbidity and mortality114,115. Study 
shows resolution of NASH without worsening of 
fibrosis occurred in 80% of patients 1 year following 
bariatric surgery,which was maintained at 5 years116.

Pharmacological treatments:

Despite the rising prevalence and serious potential 
clinical consequences, there are currently no treatments 
licensed for NASH. Treatment relies on lifestyle 
changes, primarily weight loss. There are medications 
approved for other indications that have shown benefits 
for NASH in clinical trials and should be considered for 
patients with biopsy-proven NASH and fibrosis under 
specific circumstances.

Vitamin E: At a dose 800IU/day improves steatosis, but 
no proven benefit on fibrosis. It can increase the risk of 
Hemorrhagic stroke & prostate cancer117,118.

Pioglitazone: At a dose of 30–45 mg/ day improves 
steatosis activity and NASH resolution, may improve 
fibrosis, improves insulin sensitivity, can prevent 
T2DM, stroke & reduces CV risk. It may cause weight 
gain,  exacerbate heart failure & osteoporosis119, 120.

Liraglutide: At a dose of 0.6–3 mg/day subcutaneously 
has no proven impact on fibrosis but improves steatosis 
& insulin sensitivity, causes weight loss, reduces CV 
risk & may slow progression of renal disease, it may 
causes gall stone related pancreatitis121.

Semaglutide: At a dose of 0.4 mg subcutaneously daily 
or 0.25–2.4 mg subcutaneously weekly has no proven 
benefit on fibrosis, but may slow down its progression, 
improves steatosis activity, causes resolution of NASH, 
improve insulin sensitivity, causes weight loss, 
improves CV and renal outcomes, stroke prevention, it 
may causes gall stone related pancreatitis122.

Tirzepatide: It reduces steatosis, improve insulin 
sensitivity, causes significant weight loss, it may causes 
gall stone related pancreatitis123, 124.

Sodium glucose cotransporter-2 inhibitor(SGLT-2i): 
Reduce steatosis, may improve insulin sensitivity, 
improves CV and renal outcomes, has beneficial effect 
in heart failure, causes modest weight loss, it increases 
the risk of genitourinary yeast infection, volume 
depletion & bone loss123, 124.

Metformin125, ursodeoxycholic acid126, dipeptidyl  
peptidase-4127, n-3 polyunsturated fatty acids128, 
ezetimibe129, fenofibrate130 and silymarin131 are well 
studied in NASH and should not be used as a treatment 
for NASH as they do not offer a meaningful histological 
benefit.

The farnesoid X receptor (FXR) is a ligand-activated 
transcription factor, involved in the control of bile acid 
synthesis and is also central to a number of pathways in 
the liver, affecting inflammation, fibrosis, lipid 
metabolism and glucose metabolism132. Obeticholic 
acid is a selective FXR agonist currently tested in a 
phase III trial. The main adverse event was pruritus and 
increase in LDL cholesterol, responsive to statin 
therapy133.

Peroxisome proliferator-activated receptors (PPARs)- 
Lanifibranor, is generally well tolerated with mild 
weight gain under phase III trial134,135.

Thyroid hormone receptor beta (THR-β- is crucial for 
liver homoeostasis. Resmetirom a THR-β agonist, have 
been shown to improve lipid metabolism134,136) liver 
stiffness, as well as reduction in LDL-cholesterol and 
ApoB137.

Screening for HCC:

High-risk individuals like T2DM, medically 
complicated obesity, family history of cirrhosis, or more 
than mild alcohol consumption, should be screened for 
advanced fibrosis. Patients with NASH cirrhosis should 
be screened for gastroesophageal varices and HCC. 
Current evidence does not support routine screening and 
surveillance for HCC in patients with noncirrhotic 
NASH102.

Conclusions:

There are still challenges to develop accurate, specific, 
meaningful imaging technology and circulating 
biomarkers for diagnosis, staging, monitoring disease 
progression. No specific drug therapy for NASH is still 

recommended. As lifestyle modification is still the 
cornerstone of management- need extensive awareness 
that can make a real difference in outcome of NASH.
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reduce atherosclerotic CVD risk. Pioglitazone used for  
glycemic control has concomitant beneficiary effect on 
lipid profile102.

Bariatric surgery: Currently accepted criteria for 
bariatric surgery are BMI ≥40 kg/m2 irrespective of 
metabolic comorbidities or BMI ≥ 35 kg/m2 with 
comorbidities (T2DM or prediabetes, uncontrolled 
hypertension, osteoarthritis of hip or knee, urinary 
incontinence), NAFLD/NASH is increasingly accepted 
as a co-morbid condition benefiting from bariatric 
surgery113. Bariatric surgery should be considered as a 
therapeutic option in patients who meet criteria for 
surgery, as it effectively resolves NAFLD or NASH in 
the majority of  patients without cirrhosis, induce 
sustained weight loss of up to 30%, cure diabetes, and 
decrease all-cause morbidity and mortality114,115. Study 
shows resolution of NASH without worsening of 
fibrosis occurred in 80% of patients 1 year following 
bariatric surgery,which was maintained at 5 years116.

Pharmacological treatments:

Despite the rising prevalence and serious potential 
clinical consequences, there are currently no treatments 
licensed for NASH. Treatment relies on lifestyle 
changes, primarily weight loss. There are medications 
approved for other indications that have shown benefits 
for NASH in clinical trials and should be considered for 
patients with biopsy-proven NASH and fibrosis under 
specific circumstances.

Vitamin E: At a dose 800IU/day improves steatosis, but 
no proven benefit on fibrosis. It can increase the risk of 
Hemorrhagic stroke & prostate cancer117,118.

Pioglitazone: At a dose of 30–45 mg/ day improves 
steatosis activity and NASH resolution, may improve 
fibrosis, improves insulin sensitivity, can prevent 
T2DM, stroke & reduces CV risk. It may cause weight 
gain,  exacerbate heart failure & osteoporosis119, 120.

Liraglutide: At a dose of 0.6–3 mg/day subcutaneously 
has no proven impact on fibrosis but improves steatosis 
& insulin sensitivity, causes weight loss, reduces CV 
risk & may slow progression of renal disease, it may 
causes gall stone related pancreatitis121.

Semaglutide: At a dose of 0.4 mg subcutaneously daily 
or 0.25–2.4 mg subcutaneously weekly has no proven 
benefit on fibrosis, but may slow down its progression, 
improves steatosis activity, causes resolution of NASH, 
improve insulin sensitivity, causes weight loss, 
improves CV and renal outcomes, stroke prevention, it 
may causes gall stone related pancreatitis122.

Tirzepatide: It reduces steatosis, improve insulin 
sensitivity, causes significant weight loss, it may causes 
gall stone related pancreatitis123, 124.

Sodium glucose cotransporter-2 inhibitor(SGLT-2i): 
Reduce steatosis, may improve insulin sensitivity, 
improves CV and renal outcomes, has beneficial effect 
in heart failure, causes modest weight loss, it increases 
the risk of genitourinary yeast infection, volume 
depletion & bone loss123, 124.

Metformin125, ursodeoxycholic acid126, dipeptidyl  
peptidase-4127, n-3 polyunsturated fatty acids128, 
ezetimibe129, fenofibrate130 and silymarin131 are well 
studied in NASH and should not be used as a treatment 
for NASH as they do not offer a meaningful histological 
benefit.

The farnesoid X receptor (FXR) is a ligand-activated 
transcription factor, involved in the control of bile acid 
synthesis and is also central to a number of pathways in 
the liver, affecting inflammation, fibrosis, lipid 
metabolism and glucose metabolism132. Obeticholic 
acid is a selective FXR agonist currently tested in a 
phase III trial. The main adverse event was pruritus and 
increase in LDL cholesterol, responsive to statin 
therapy133.

Peroxisome proliferator-activated receptors (PPARs)- 
Lanifibranor, is generally well tolerated with mild 
weight gain under phase III trial134,135.

Thyroid hormone receptor beta (THR-β- is crucial for 
liver homoeostasis. Resmetirom a THR-β agonist, have 
been shown to improve lipid metabolism134,136) liver 
stiffness, as well as reduction in LDL-cholesterol and 
ApoB137.

Screening for HCC:

High-risk individuals like T2DM, medically 
complicated obesity, family history of cirrhosis, or more 
than mild alcohol consumption, should be screened for 
advanced fibrosis. Patients with NASH cirrhosis should 
be screened for gastroesophageal varices and HCC. 
Current evidence does not support routine screening and 
surveillance for HCC in patients with noncirrhotic 
NASH102.

Conclusions:

There are still challenges to develop accurate, specific, 
meaningful imaging technology and circulating 
biomarkers for diagnosis, staging, monitoring disease 
progression. No specific drug therapy for NASH is still 

recommended. As lifestyle modification is still the 
cornerstone of management- need extensive awareness 
that can make a real difference in outcome of NASH.
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reduce atherosclerotic CVD risk. Pioglitazone used for  
glycemic control has concomitant beneficiary effect on 
lipid profile102.

Bariatric surgery: Currently accepted criteria for 
bariatric surgery are BMI ≥40 kg/m2 irrespective of 
metabolic comorbidities or BMI ≥ 35 kg/m2 with 
comorbidities (T2DM or prediabetes, uncontrolled 
hypertension, osteoarthritis of hip or knee, urinary 
incontinence), NAFLD/NASH is increasingly accepted 
as a co-morbid condition benefiting from bariatric 
surgery113. Bariatric surgery should be considered as a 
therapeutic option in patients who meet criteria for 
surgery, as it effectively resolves NAFLD or NASH in 
the majority of  patients without cirrhosis, induce 
sustained weight loss of up to 30%, cure diabetes, and 
decrease all-cause morbidity and mortality114,115. Study 
shows resolution of NASH without worsening of 
fibrosis occurred in 80% of patients 1 year following 
bariatric surgery,which was maintained at 5 years116.

Pharmacological treatments:

Despite the rising prevalence and serious potential 
clinical consequences, there are currently no treatments 
licensed for NASH. Treatment relies on lifestyle 
changes, primarily weight loss. There are medications 
approved for other indications that have shown benefits 
for NASH in clinical trials and should be considered for 
patients with biopsy-proven NASH and fibrosis under 
specific circumstances.

Vitamin E: At a dose 800IU/day improves steatosis, but 
no proven benefit on fibrosis. It can increase the risk of 
Hemorrhagic stroke & prostate cancer117,118.

Pioglitazone: At a dose of 30–45 mg/ day improves 
steatosis activity and NASH resolution, may improve 
fibrosis, improves insulin sensitivity, can prevent 
T2DM, stroke & reduces CV risk. It may cause weight 
gain,  exacerbate heart failure & osteoporosis119, 120.

Liraglutide: At a dose of 0.6–3 mg/day subcutaneously 
has no proven impact on fibrosis but improves steatosis 
& insulin sensitivity, causes weight loss, reduces CV 
risk & may slow progression of renal disease, it may 
causes gall stone related pancreatitis121.

Semaglutide: At a dose of 0.4 mg subcutaneously daily 
or 0.25–2.4 mg subcutaneously weekly has no proven 
benefit on fibrosis, but may slow down its progression, 
improves steatosis activity, causes resolution of NASH, 
improve insulin sensitivity, causes weight loss, 
improves CV and renal outcomes, stroke prevention, it 
may causes gall stone related pancreatitis122.

Tirzepatide: It reduces steatosis, improve insulin 
sensitivity, causes significant weight loss, it may causes 
gall stone related pancreatitis123, 124.

Sodium glucose cotransporter-2 inhibitor(SGLT-2i): 
Reduce steatosis, may improve insulin sensitivity, 
improves CV and renal outcomes, has beneficial effect 
in heart failure, causes modest weight loss, it increases 
the risk of genitourinary yeast infection, volume 
depletion & bone loss123, 124.

Metformin125, ursodeoxycholic acid126, dipeptidyl  
peptidase-4127, n-3 polyunsturated fatty acids128, 
ezetimibe129, fenofibrate130 and silymarin131 are well 
studied in NASH and should not be used as a treatment 
for NASH as they do not offer a meaningful histological 
benefit.

The farnesoid X receptor (FXR) is a ligand-activated 
transcription factor, involved in the control of bile acid 
synthesis and is also central to a number of pathways in 
the liver, affecting inflammation, fibrosis, lipid 
metabolism and glucose metabolism132. Obeticholic 
acid is a selective FXR agonist currently tested in a 
phase III trial. The main adverse event was pruritus and 
increase in LDL cholesterol, responsive to statin 
therapy133.

Peroxisome proliferator-activated receptors (PPARs)- 
Lanifibranor, is generally well tolerated with mild 
weight gain under phase III trial134,135.

Thyroid hormone receptor beta (THR-β- is crucial for 
liver homoeostasis. Resmetirom a THR-β agonist, have 
been shown to improve lipid metabolism134,136) liver 
stiffness, as well as reduction in LDL-cholesterol and 
ApoB137.

Screening for HCC:

High-risk individuals like T2DM, medically 
complicated obesity, family history of cirrhosis, or more 
than mild alcohol consumption, should be screened for 
advanced fibrosis. Patients with NASH cirrhosis should 
be screened for gastroesophageal varices and HCC. 
Current evidence does not support routine screening and 
surveillance for HCC in patients with noncirrhotic 
NASH102.

Conclusions:

There are still challenges to develop accurate, specific, 
meaningful imaging technology and circulating 
biomarkers for diagnosis, staging, monitoring disease 
progression. No specific drug therapy for NASH is still 

recommended. As lifestyle modification is still the 
cornerstone of management- need extensive awareness 
that can make a real difference in outcome of NASH.
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reduce atherosclerotic CVD risk. Pioglitazone used for  
glycemic control has concomitant beneficiary effect on 
lipid profile102.

Bariatric surgery: Currently accepted criteria for 
bariatric surgery are BMI ≥40 kg/m2 irrespective of 
metabolic comorbidities or BMI ≥ 35 kg/m2 with 
comorbidities (T2DM or prediabetes, uncontrolled 
hypertension, osteoarthritis of hip or knee, urinary 
incontinence), NAFLD/NASH is increasingly accepted 
as a co-morbid condition benefiting from bariatric 
surgery113. Bariatric surgery should be considered as a 
therapeutic option in patients who meet criteria for 
surgery, as it effectively resolves NAFLD or NASH in 
the majority of  patients without cirrhosis, induce 
sustained weight loss of up to 30%, cure diabetes, and 
decrease all-cause morbidity and mortality114,115. Study 
shows resolution of NASH without worsening of 
fibrosis occurred in 80% of patients 1 year following 
bariatric surgery,which was maintained at 5 years116.

Pharmacological treatments:

Despite the rising prevalence and serious potential 
clinical consequences, there are currently no treatments 
licensed for NASH. Treatment relies on lifestyle 
changes, primarily weight loss. There are medications 
approved for other indications that have shown benefits 
for NASH in clinical trials and should be considered for 
patients with biopsy-proven NASH and fibrosis under 
specific circumstances.

Vitamin E: At a dose 800IU/day improves steatosis, but 
no proven benefit on fibrosis. It can increase the risk of 
Hemorrhagic stroke & prostate cancer117,118.

Pioglitazone: At a dose of 30–45 mg/ day improves 
steatosis activity and NASH resolution, may improve 
fibrosis, improves insulin sensitivity, can prevent 
T2DM, stroke & reduces CV risk. It may cause weight 
gain,  exacerbate heart failure & osteoporosis119, 120.

Liraglutide: At a dose of 0.6–3 mg/day subcutaneously 
has no proven impact on fibrosis but improves steatosis 
& insulin sensitivity, causes weight loss, reduces CV 
risk & may slow progression of renal disease, it may 
causes gall stone related pancreatitis121.

Semaglutide: At a dose of 0.4 mg subcutaneously daily 
or 0.25–2.4 mg subcutaneously weekly has no proven 
benefit on fibrosis, but may slow down its progression, 
improves steatosis activity, causes resolution of NASH, 
improve insulin sensitivity, causes weight loss, 
improves CV and renal outcomes, stroke prevention, it 
may causes gall stone related pancreatitis122.

Tirzepatide: It reduces steatosis, improve insulin 
sensitivity, causes significant weight loss, it may causes 
gall stone related pancreatitis123, 124.

Sodium glucose cotransporter-2 inhibitor(SGLT-2i): 
Reduce steatosis, may improve insulin sensitivity, 
improves CV and renal outcomes, has beneficial effect 
in heart failure, causes modest weight loss, it increases 
the risk of genitourinary yeast infection, volume 
depletion & bone loss123, 124.

Metformin125, ursodeoxycholic acid126, dipeptidyl  
peptidase-4127, n-3 polyunsturated fatty acids128, 
ezetimibe129, fenofibrate130 and silymarin131 are well 
studied in NASH and should not be used as a treatment 
for NASH as they do not offer a meaningful histological 
benefit.

The farnesoid X receptor (FXR) is a ligand-activated 
transcription factor, involved in the control of bile acid 
synthesis and is also central to a number of pathways in 
the liver, affecting inflammation, fibrosis, lipid 
metabolism and glucose metabolism132. Obeticholic 
acid is a selective FXR agonist currently tested in a 
phase III trial. The main adverse event was pruritus and 
increase in LDL cholesterol, responsive to statin 
therapy133.

Peroxisome proliferator-activated receptors (PPARs)- 
Lanifibranor, is generally well tolerated with mild 
weight gain under phase III trial134,135.

Thyroid hormone receptor beta (THR-β- is crucial for 
liver homoeostasis. Resmetirom a THR-β agonist, have 
been shown to improve lipid metabolism134,136) liver 
stiffness, as well as reduction in LDL-cholesterol and 
ApoB137.

Screening for HCC:

High-risk individuals like T2DM, medically 
complicated obesity, family history of cirrhosis, or more 
than mild alcohol consumption, should be screened for 
advanced fibrosis. Patients with NASH cirrhosis should 
be screened for gastroesophageal varices and HCC. 
Current evidence does not support routine screening and 
surveillance for HCC in patients with noncirrhotic 
NASH102.

Conclusions:

There are still challenges to develop accurate, specific, 
meaningful imaging technology and circulating 
biomarkers for diagnosis, staging, monitoring disease 
progression. No specific drug therapy for NASH is still 

recommended. As lifestyle modification is still the 
cornerstone of management- need extensive awareness 
that can make a real difference in outcome of NASH.

Reference:

1. Younossi Z, Anstee QM, Marietti M, et al. Global 
burden of NAFLD and NASH:trends, predictions, 
risk factors and prevention. Nat Rev 
Gastroenterol Hepatol 2018;15:11-20.

2. 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;67:123-33.

3. Younossi ZGP, Paik J, Henry A, Van Dongen C, 
Henry L. The global epidemiology of 
nonalcoholic fatty liver disease (NAFLD) and 
non-alcoholic steatohepatitis (NASH): a 
systematic review. Hepatology 2023 Apr 1;77(4): 
1335-47.

4. Riazi K, Azhari H, Charette JH, Underwood FE, 
King JA, Afshar EE,Swain MG, et al. The 
prevalence and incidence of NAFLD worldwide: 
a systematic review and meta-analysis. Lancet 
Gastroenterol Hepatol 2022;7:851-61.

5. Loomba R, Wong R, Fraysse J, et al. Nonalcoholic 
fatty liver disease progression rates to cirrhosis 
and progression of cirrhosis to decompensation 
and mortality: a real world analysis of Medicare 
data. Aliment Pharmacol Ther 2020;51:1149-59.

6. Lin H, Yip TC, Zhang X, Li G, Tse YK, Hui VW, 
et al. Age and the relative importance of 
liver-related deaths in nonalcoholic fatty liver 
disease. Hepatology 2023 Feb 1;77(2):573-84.

7. Hagstrom H, Nasr P, Ekstedt M, Hammar U, Stal 
P, Hultcrantz R, et al. Fibrosis stage but not 
NASH predicts mortality and time to 
development of severe liver disease in 
biopsy-proven NAFLD. J Hepatol 2017;67: 
1265-73.

8. Sanyal AJ, Van Natta ML, Clark J, Neuschwander 
Tetri BA, Diehl A, et al. Prospective study of 
outcomes in adults with nonalcoholic fatty liver 
disease. N Engl J Med 2021;385:1559-69.

9. Chalasani N, Younossi Z, Lavine JE, Charlton M, 
Cusi K, Rinella M, et al. The diagnosis and 
management of nonalcoholic fatty liver disease: 
practice guidance from the American Association 
for the Study of Liver Diseases. Hepatology 
2018;67:328-57.

10. Kleiner DE, Brunt EM, Van Natta M, Behling C, 
Contos MJ, Cummings OW, et al. Design and 
validation of a histological scoring system for 
nonalcoholic fatty liver disease. Hepatology 
(Baltimore,Md) 2005;41(6):1313-21. https://doi. 
org/ 10.1002/hep.20701.

11. Tandra S, Yeh MM, Brunt EM, Vuppalanchi R, 
Cummings OW, Ünalp-Arida A, et al. Presence 
and significance of microvesicular steatosis in 
nonalcoholic fatty liver disease. J Hepatol 
2011;55:654-59.

12. Eslam M, Sanyal AJ, George J, International 
Consensus Panel. MAFLD: a consensus-driven 
proposed nomenclature for metabolic associated 
fatty liver disease. Gastroenterology 2020;158: 
1999-2014. e1.

13.  Kang SH, Lee HW, Yoo JJ, Cho Y, Kim SU, Lee 
TH, et al. Korean Association for the Study of the 
Liver (KASL). KASL clinical practice guidelines: 
management of nonalcoholic fatty liver disease. 
Clin Mol Hepatol 2021;27:363-401.

14. Chrysavgis L, Ztriva E, Protopapas A, Tziomalos 
K, Cholongitas E. Nonalcoholic fatty liver disease 
in lean subjects: prognosis, outcomes and 
management. World J Gastroenterol 2020;26: 
6514-28.

15. Kim Y, Chang Y, Cho YK, Ahn J, Shin H, Ryu S. 
Metabolically healthy versus unhealthy obesity 
and risk of fibrosis progression in non-alcoholic 
fatty liver disease. Liver Int 2019;39:1884-94.

16. Singh S, Allen AM, Wang Z, Prokop LJ, Murad 
MH, Loomba R. Fibrosis progression in 
nonalcoholic fatty liver vs nonalcoholic 
steatohepatitis: a systematic review and 
meta-analysis of paired-biopsy studies. Clin 
Gastroenterol Hepatol 2015;13:643- 654.e1-9; 
quiz e39-40. doi:10.1016/j.cgh.2014.04.014.

17. Loomba R, Lim JK, Patton H, El-Serag HB. AGA 
Clinical practice update on screening and 

surveillance for hepatocellular carcinoma in patients 
with nonalcoholic fatty liver disease: Expert review. 
Gastroenterology 2020;158:1822 -30.

18. Adams LA, Lymp JF, St Sauver J, Sanderson SO, 
Lindor KD, Feldstein A, et al. The natural history 
of nonalcoholic fatty liver disease: a 
population-based cohort study. Gastroenterology. 
2005;129(1):113-21.

19. Yoshitaka H, Hamaguchi M, Kojima T, Fukuda T, 
Ohbora A, Fukui M. Nonoverweight nonalcoholic 
fatty liver disease and incident cardiovascular 
disease: a post hoc analysis of a cohort study. 
Medicine (Baltimore). 2017;96:e6712.

20. Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, 
Bjornsson ES, Charatcharoenwitthaya P, et al. 
Liver fibrosis, but no other histologic features, is 
associated with long-term outcomes of patients 
with nonalcoholic fatty liver disease. 
Gastroenterology. 2015;149: 389-97.

21. 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.

22. 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 Oct;71(4):793 -801.

23. Jarvis H, Craig D, Barker R, Spiers G, Stow D, 
Anstee QM, et ai. Metabolic risk factors and 
incident advanced liver disease in non-alcoholic 
fatty liver disease (NAFLD): a systematic review 
and meta-analysis of population-based 
observational studies. Plos Med 2020;17: 
e1003100.

24. Manzano-Nunez R, Santana-Dominguez M, 
Rivera-Esteban J, Sabiote C, Sena E, Bañares J, et 
al. Non-alcoholic fatty liver disease in patients 
with polycystic ovary syndrome: a systematic 
review, meta-analysis, and meta- regression. J 
Clin Med 2023:12.

25. Maurice JB, Patel A, Scott AJ, Patel K, Thursz M, 
Lemoine M. Prevalence and risk factors of 
nonalcoholic fatty liver disease in HIV-mono 
infection. Aids 2017;31:1621-32.

26. Åberg F, Färkkilä M. Drinking and obesity: 
alcoholic liver disease/nonalcoholic fatty liver 
disease interactions. Semin Liver Dis 
2020;40:154-62.

27. Staufer K, Huber-Schönauer U, Strebinger G, 
Pimingstorfer P, Suesse S,Scherzer TM, et al. 
Ethyl glucuronide in hair detects a high rate of 
harmful alcohol consumption in presumed 
non-alcoholic fatty liver disease. J Hepatol 2022 
Oct;77(4):918-30.

28. Paik JM, Kabbara K, Eberly KE, Younossi Y, 
Henry L, Younossi ZM. Global burden of NAFLD 
and chronic liver disease among adolescents and 
young adults. Hepatology 2022;75:1204-17.

29. Ayonrinde OT, Oddy WH, Adams LA, Mori TA, 
Beilin LJ, de Klerk N, et ai. Infant nutrition and 
maternal obesity inflfluence the risk of 
nonalcoholic fatty liver disease in adolescents. J 
Hepatol 2017;67:568-76.

30. Huang DQ, Singal AG, Kono Y, Tan DJH, 
El-Serag HB, Loomba R. Changing global 
epidemiology of liver cancer from 2010 to 2019: 
NASH is the fastest growing cause of liver cancer. 
Cell Metab 2022;34:969-77, e962.

31. Pimpin L, Cortez-Pinto H, Negro F, Corbould E, 
Lazarus JV, Webber L, et al. Burden of liver 
disease in Europe: epidemiology and analysis of 
risk factors to identify prevention policies. J 
Hepatol 2018;69:718-35.

32. Estes C, Anstee QM, Arias-Loste MT, Bantel H, 
Bellentani S, Caballeria J, et al. Modeling 
NAFLD disease burden in China, France, 
Germany, Italy, Japan, Spain, United Kingdom, 
and United States for the period 2016-2030. J 
Hepatol 2018;69:896-04.

33. 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;51:801-11.

34. Pais R, Fartoux L, Goumard C, Scatton O, 
Wendum D, Rosmorduc O, et ai. Temporal trends, 
clinical patterns and outcomes of NAFLD-related 
HCC in patients undergoing liver resection over a 
20-year period. Aliment Pharmacol Ther 
2017;46:856-63.

35. Vitale A, Svegliati-Baroni G, Ortolani A, Cucco 
M, Dalla Riva GV, Giannini EG, et al. 

Epidemiological trends and trajectories of 
MAFLD associated hepatocellular carcinoma 
2002-2033: the ITA.LI.CA database. Gut 2023 
Jan;72(1):141-52.

36. Yip TC, Lee HW, Chan WK, Wong GL, Wong 
VW. Asian perspective on NAFLD-associated 
HCC. J Hepatol 2022;76:726-34.

37. Farah M, Anugwom C, Ferrer JD, Baca EL, 
Mattos AZ, Possebon JPP, et al. Changing 
epidemiology of hepatocellular carcinoma in 
South America: a report from the South American 
liver research network. Ann Hepatol 
2022;28:100876.

38. Noureddin M, Vipani A, Bresee C, Todo T, Kim 
IK, Alkhouri N, et al. NASH leading cause of 
liver transplant in women: updated analysis of 
indications for liver transplant and ethnic and 
gender variances. Am J Gastroenterol. 2018;113: 
1649-59.

39. Wong RJ, Singal AK. Trends in liver disease 
etiology among adults awaiting liver 
transplantation in the United States, 2014- 2019. 
JAMA Netw Open. 2020;3:e1920294.

40. Ferrarese A, Battistella S, Germani G, Russo FP, 
Senzolo M, Gambato M, et al. Nash up, virus 
down: how the waiting list is changing for liver 
transplantation: a single center experience from 
Italy. Medicina (Kaunas) 2022;58.

41. Haldar D, Kern B, Hodson J, Armstrong MJ, 
Adam R, Berlakovich G, et al. Outcomes of liver 
transplantation for non-alcoholic steatohepatitis: 
a European Liver Transplant Registry study. J 
Hepatol 2019;71:313-22.

42. Herman MA, Samuel VT. The sweet path to 
metabolic demise: fructose and lipid synthesis. 
Trends Endocrinol Metab 2016;27:719-30.

43. Petersen KF, Laurent D, Yu, C, Cline, GW, 
Shulman GI, Stimulating effects of low-dose 
fructose on insulin-stimulated hepatic glycogen 
synthesis in humans. Diabetes 2001, 50, 1263-68.

44. Bril F, Barb D, Portillo-Sanchez P, Biernacki D, 
Lomonaco R, Suman A, et al. Metabolic and 
histological implications of intrahepatic 
triglyceride content in nonalcoholic fatty liver 
disease. Hepatology. 2017;65:1132-44.

45. Perseghin G, Price TB, Petersen KF, Roden M, 
Cline GW, Gerow K, et ai. Increased glucose 
transport-phosphorylation and muscle glycogen 
synthesis after exercise training in 
insulin-resistant subjects. N Engl J Med 
1996;335(18): 1357-62.

46. Flannery C, Dufour S, Rabøl R, Shulman GI, 
Petersen KF. Skeletal muscle insulin resistance 
promotes increased hepatic de novo lipogenesis, 
hyperlipidemia, and hepatic steatosis in the 
elderly. Diabetes. 2012;61:2711-17.

47. Petersen KF, Dufour S, Savage DB, Bilz S, 
Solomon G, Yonemitsu S, et ai. The role of 
skeletal muscle insulin resistance in the 
pathogenesis of the metabolic syndrome. Proc 
Natl Acad Sci U S A. 2007; 104: 12587-94.

48. Petersen MC, Shulman GI. Mechanisms of insulin 
action and insulin resistance. Physiol Rev 2018; 
98: 2133-23.

49. Luukkonen PK, Qadri S, Ahlholm N, Porthan K, 
Männistö V, Sammalkorpi H, et al. Distinct 
contributions of metabolic dysfunction and 
genetic risk factors in the pathogenesis of 
non-alcoholic fatty liver disease. J Hepatol. 
2022;76:526-35.

50. Wang Y, Kory N, BasuRay S, Cohen JC, Hobbs 
HH. PNPLA3, CGI-58, and inhibition of hepatic 
triglyceride hydrolysis in mice. Hepatology. 
2019;69:2427-41.

51. Han H, Jiang Y, Wang M, Melaku M, Liu L, Zhao 
Y, Everaert N, Yi B, Zhang H. Intestinal dysbiosis 
in nonalcoholic fatty liver disease (NAFLD): 
Focusing on the gut–liver axis. Crit. Rev. Food 
Sci. Nutr. 2021, 1-18.

52. Barrow F, Khan S, Fredrickson G, Wang H, 
Dietsche K, Parthiban P, Robert S, Kaiser T, 
Winer S, Herman  A. Microbiota driven activation 
of intrahepatic B cells aggravates nonalcoholic 
steatohepatitis through innate and adaptive 
signaling. Hepatology 2021, 74, 704.

53. Oh TG, Kim SM, Caussy C, Fu T, Guo J, 
Bassirian S, Singh S, et ai. A universal 
gut-microbiome-derived signature predicts 
cirrhosis. Cell Metab. 2020, 32, 878-88.

54. Pedersen HK, Gudmundsdottir V, Nielsen HB, et 
al. Human gut microbes impact host serum 

metabolome and insulin sensitivity. Nature 
2016;535:376-81.

55. Katsuki A, Sumida Y, Urakawa H, Gabazza EC, 
Murashima S, Maruyama N, et al. Increased 
visceral fat and serum levels of triglyceride are 
associated with insulin resistance in Japanese 
metabolically obese, normal weight subjects with 
normal glucose tolerance. Diabetes Care. 
2003;26:234144.

56. Conus F, Allison DB, Rabasa-Lhoret R, St-Onge 
M, St-Pierre DH, Tremblay-Lebeau A, et al. 
Metabolic and behavioral characteristics of 
metabolically obese but normal-weight women. J 
Clin Endocrinol Metab. 2004;89:5013-20.

57. Kahn CR, Wang G, Lee KY. Altered adipose 
tissue and adipocyte function in the pathogenesis 
of metabolic syndrome.J Clin Invest. 
2019;129:3990-4000.

58. Ruhl CE, Everhart JE. Determinants of the 
association of overweight with elevated serum 
alanine aminotransferase activity in the United 
States. Gastroenterology. 2003;124:71-9.

59. McPherson S, Hardy T, Henderson E, Burt AD, 
Day CP, Anstee QM. Evidence of NAFLD 
progression from steatosis to fibrosing 
steatohepatitis using paired biopsies: implications 
for prognosis and clinical management. J Hepatol. 
2015;62:1148-55.

60. Bazick J, Donithan M, Neuschwander-Tetri BA, 
Kleiner D, Brunt EM, Wilson L, et al. Clinical 
model for NASH and advanced fibrosis in adult 
patients with diabetes and NAFLD: guidelines for 
referral in NAFLD. Diabetes Care. 2015;38: 
1347-55.

61. Lonardo A, Bellentani S, Argo CK, Ballestri S, 
Byrne CD, Caldwell SH, et al. Epidemiological 
modifiers of non-alcoholic fatty liver disease: 
focus on high-risk groups. Dig Liver 
Dis.2015;47:997-1006.

62. Ballestri S, Zona S, Targher G, Romagnoli D, 
Baldelli E, Nascimbeni F, et al. Nonalcoholic 
fatty liver disease is associated with an almost 
twofold increased risk of incident type 2 diabetes 
and metabolic syndrome. Evidence from a 
systematic review and meta-analysis. J 
Gastroenterol Hepatol. 2016;31:936-44.

63. Wild SH, Morling JR, McAllister DA, Kerssens J, 
Fischbacher C, Parkes J, et ai. Type 2 diabetes and 
risk of hospital admission or death for chronic 
liver diseases. J. Hepatol. 2016, 64, 1358-64.

64. Mantovani A, Petracca G, Beatrice G, et al. 
Non-Alcoholic fatty liver disease and increased 
risk of incident extrahepatic cancers: a 
meta-analysis of observational cohort studies. Gut 
2022;71:778-88.

65. Patel S, Siddiqui MB, Roman JH, Zhang E, Lee E, 
Shen S, et al. Association between lipoprotein 
particles and atherosclerotic events in 
nonalcoholic fatty liver disease. Clin 
Gastroenterol Hepatol. 2021;19:2202-4.

66. Mesarwi OA, Loomba R, Malhotra A. Obstructive 
sleep apnoea, hypoxia, and nonalcoholic fatty 
liver disease. Am J Respir Crit Care Med. 
2019;199:830-41.

67. Corey KE, Misdraji J, Gelrud L, King LY, Zheng 
H, Malhotra A, et al. Obstructive sleep apnoea is 
associated with nonalcoholic steatohepatitis and 
advanced liver histology. Dig Dis Sci. 2015; 
60:2523-8.

68. Drager LF, Jun JC, Polotsky VY. Metabolic 
consequences of intermittent hypoxia: relevance 
to obstructive sleep apnoea. Best Pract Res Clin 
Endocrinol Metab. 2010;24:843-51.

69. Khalyfa A, Gozal D, Masa JF, Marin JM, Qiao Z, 
Corral J, et al. Sleep-disordered breathing, 
circulating exosomes, and insulin sensitivity in 
adipocytes. Int J Obes (Lond). 2018;42: 1127-39.

70. Hazlehurst JM, Lim TR, Charlton C, Miller JJ, 
Gathercole LL, Cornfield T, et al. Acute 
intermittent hypoxia drives hepatic de novo 
lipogenesis in humans and rodents. Metabolism 
Open. 2022;14:100177.

71. Käräjämäki AJ, Pätsi OP, Savolainen M, 
Kesäniemi YA, Huikuri H, Ukkola O. 
Non-alcoholic fatty liver disease as a predictor of 
atrial fibrillation in middle-aged population 
(OPERA Study). PLoS One. 2015;10:e0142937.

72. VanWagner LB, Wilcox JE, Colangelo LA, 
Lloyd-Jones DM, Carr JJ, Lima JA, et al. 
Association of nonalcoholic fatty liver disease 
with subclinical myocardial remodeling and 

dysfunction: a population-based study. 
Hepatology. 2015;62: 773-83.

73. Marcuccilli M, Chonchol M. NAFLD and chronic 
kidney disease. Int J Mol Sci. 2016;17:562.

74. McNair A. Non-alcoholic steatohepatitis 
(NASH): why biopsy? Gut. 2002;51(6):898; 
author reply 898-99.

75. Kwo PY, Cohen SM, Lim JK. ACG Clinical 
Guideline: evaluation of abnormal liver 
chemistries. Am J Gastroenterol. 2017;112:18-35.

76. Ajmera V, Cepin S, Tesfai K, Hofflich H, Cadman 
K, Lopez S, et al. A prospective study on the 
prevalence of NAFLD, advanced fibrosis, 
cirrhosis and hepatocellular carcinoma in people 
with type 2 diabetes. J Hepatol. 2023;78: 471-78.

77. Arab JP, Dirchwolf M, Álvares-da-Silva MR, 
Barrera F, Benítez C, Castellanos-Fernandez M, 
et al. Latin American Association for the study of 
the liver (ALEH) practice guidance for the 
diagnosis and treatment of non-alcoholic fatty 
liver disease. Ann Hepatol. 2020;19:674-90.

78. Tamaki N, Ahlholm N, Luukkonen PK, Porthan 
K, Sharpton SR, Ajmera V, et al. Risk of advanced 
fibrosis in first-degree relatives of patients with 
nonalcoholic fatty liver disease. J Clin Invest. 
2022;132:e162513.

79. Blomdahl J, Nasr P, Ekstedt M, Kechagias S. 
Moderate alcohol consumption is associated with 
advanced fibrosis in nonalcoholic fatty liver 
disease and shows a synergistic effect with type 2 
diabetes mellitus. Metabolism. 2021;115:154439.

80. European Association for the Study of the Liver 
(EASL), European Association for the Study of 
Diabetes (EASD), European Association for the 
Study of Obesity (EASO). EASL-EASD-EASO 
clinical practice guidelines for the management of 
non-alcoholic fatty liver disease. Obes Facts 
2016;9:65-90.

81. Thampanitchawong P, Piratvisuth T. Liver 
biopsy:complications and risk factors. World J 
Gastroenterol 1999;5:301-4.

82. Ratziu V, Charlotte F, Heurtier A, et al. Sampling 
variability of liver biopsy in nonalcoholic fatty liver 
disease. Gastroenterology 2005;128:1898-906.

83. Davison BA, Harrison SA, Cotter G, et al. 
Suboptimal reliability of liver biopsy evaluation 
has implications for randomized clinical trials. J 
Hepatol 2020;73:1322-32.

84. Nyberg LM, et al. Health care resource utilization 
in biopsy-proven NAFLD and NASH at Kaiser 
Permanente Southern California (KPSC), a large 
healthcare delivery system. Hepatology. Vol 68. 
Hoboken, NJ: Wiley; 2018:579A-580A.

85. Bahirwani R, Griffin C. The diagnosis and 
management of nonalcoholic fatty liver disease: A 
patient-friendly summary of the 2018 AASLD 
guidelines. Clinical Liver Disease. 2022;19: 
222–226. https://doi.org/10.1002/cld. 1216.

86. European Association for the Study of the Liver 
(EASL). EASL. Clinical practice guidelines on 
non-invasive tests for evaluation of liver disease 
severity and prognosis - 2021 update. J Hepatol. 
2021;75:659-89.

87. Paige JS, Bernstein GS, Heba E, Costa EAC, 
Fereirra M, Wolfson T, et al. A pilot comparative 
study of quantitative ultrasound, conventional 
ultrasound, and MRI for predicting 
histology-determined steatosis grade in adult 
nonalcoholic fatty liver disease. AJR Am J 
Roentgenol. 2017;208:W168-77.

88. Caussy C, Reeder SB, Sirlin CB, Loomba R. 
Noninvasive, quantitative assessment of liver fat 
by MRI-PDFF as an endpoint in NASH trials. 
Hepatology. 2018;68:763-72.

89. Dulai PS, Sirlin CB, Loomba R. MRI and MRE 
for non-invasive quantitative assessment of 
hepatic steatosis and fibrosis in NAFLD and 
NASH: clinical trials to clinical practice. J 
Hepatol 2016;65:1006-16.

90. Tapper EB, Loomba R. Noninvasive imaging 
biomarker assessment of liver fibrosis by 
elastography in NAFLD. Nat Rev Gastroenterol 
Hepatol 2018;15:274-82.

91. Boursier J, Vergniol J, Guillet A, et al. Diagnostic 
accuracy and prognostic significance of blood 
fibrosis tests and liver stiffness measurement by 
FibroScan in non-alcoholic fatty liver disease. J 
Hepatol 2016;65:570-8.

92. Loomba R, Wolfson T, Ang B, et al. Magnetic 
resonance elastography predicts advanced 

fibrosis in patients with nonalcoholic fatty liver 
disease: a prospective study. Hepatology 
2014;60:1920-8.

93. Dufour J-F, Anstee QM, Bugianesi E, et al. 
Current therapies and new developments in 
NASH Gut 2022;71:2123-34.

94. Taylor RS, Taylor RJ, Bayliss S, et al. Association 
between fibrosis stage and outcomes  of patients 
with nonalcoholic fatty liver disease: a systematic 
review and metaanalysis. Gastroenterology 
2020;158:e12: 1611-25.

95. Newsome PN, Sasso M, Deeks JJ, Paredes A, 
Boursier J, Chan WK, et al. FibroScan-AST 
(FAST) score for the noninvasive identification of 
patients with non-alcoholic steatohepatitis with 
significant activity and fibrosis: a prospective 
derivation and global validation study. Lancet 
Gastroenterol Hepatol. 2020;5:362-73.

96. Jung J, Loomba RR, Imajo K, Madamba E, 
Gandhi S, Bettencourt R, et al. MRE combined 
with FIB-4 (MEFIB) index in detection of 
candidates for pharmacological treatment of 
NASH-related fibrosis. Gut. 2021;70:1946-53.

97. Tamaki N, Imajo K, Sharpton S, Jung J, 
Kawamura N, Yoneda M, et al. Magnetic 
resonance elastography plus Fibrosis-4 versus 
FibroScan–aspartate aminotransferase in 
detection of candidates for pharmacological 
treatment of NASH-related fibrosis. Hepatology. 
2022;75:661-72.

98. Taylor RS, Taylor RJ, Bayliss S, et al. Association 
between fibrosis stage and outcomes of patients 
with nonalcoholic fatty liver disease: a systematic 
review and metaanalysis. Gastroenterology 
2020;158:e1612: 1611-25.

99. Mózes FE, Lee JA, Selvaraj EA, Jayaswal ANA, 
Trauner M, Boursier J, et al. Diagnostic accuracy 
of non-invasive tests for advanced fibrosis in 
patients with NAFLD: an individual patient data 
meta-analysis. Gut. 2022;71:1006-19.

100. Day J, Patel P, Parkes J, Rosenberg W. Derivation 
and performance of standardized enhanced liver 
fibrosis (ELF) test thresholds for the detection 
and prognosis of liver fibrosis. J Appl Lab Med. 
2019;3:815-26.

101. Ajmera V, Kim BK, Yang K, Majzoub AM, 
Nayfeh T, Tamaki N, et al. Liver stiffness on 

magnetic resonance elastography and the MEFIB 
index and liver-related outcomes in nonalcoholic 
fatty liver disease: a systematic review and 
metaanalysis of individual participants. 
Gastroenterology. 2022; 163:1079-89.

102. Rinella ME, Neuschwander-Tetri BA, Siddiqui 
MS, Abdelmalek MF, Caldwell S, Barb D, et al. 
AASLD practice guidance on the clinical 
assessment and management of nonalcoholic fatty 
liver disease. Hepatology. 2023;77:1797-35.

103. Long MT, Noureddin M, Lim JK. AGA Clinical 
Practice Update: diagnosis and management of 
nonalcoholic fatty liver disease in lean 
individuals: expert review. Gastroenterology. 
2022;163:764-74.

104. Properzi C, O'Sullivan TA, Sherriff JL, Ching HL, 
Jeffrey GP, Buckley RF, et al. Ad libitum 
Mediterranean and low-fat diets both significantly 
reduce hepatic steatosis: a randomized controlled 
trial. Hepatology. 2018;68:1741-54.

105. Careau V, Halsey LG, Pontzer H, Ainslie PN, 
Andersen LF, Anderson LJ, et al. Energy 
compensation and adiposity in humans. Current 
Biology. 2021;31:4659-66.

106. Sung KC, Ryu S, Lee JY, Kim JY, Wild SH, Byrne 
CD. Effect of exercise on the development of new 
fatty liver and the resolution of existing fatty liver. 
J Hepatol. 2016;65:791-97.

107. Semmler G, Datz C, Reiberger T, Trauner M. Diet 
and exercise in NAFLD/NASH: beyond the 
obvious. Liver Int. 2021;41:2249-68.

108. Berzigotti A, Albillos A, Villanueva C, Genescá J, 
Ardevol A, Augustín S, et al. Effects of an 
intensive lifestyle intervention program on portal 
hypertension in patients with cirrhosis and 
obesity: the SportDiet study. Hepatology. 
2017;65:1293-305.

109. Williams FR, Berzigotti A, Lord JM, Lai JC, 
Armstrong MJ. Review article: impact of exercise 
on physical frailty in patients with chronic liver 
disease. Aliment Pharmacol Ther. 2019;50: 
988-1000.

110. Bril F, Portillo Sanchez P, Lomonaco R, Orsak B, 
Hecht J, Tio F, et al. Liver safety of statins in 
prediabetes or T2DM and nonalcoholic 
steatohepatitis: post hoc analysis of a randomized 
trial. J Clin Endocrinol Metab. 2017;102: 
2950-61.

111. Athyros VG, Tziomalos K, Gossios TD, Griva T, 
Anagnostis P, Kargiotis K, et al. Safety and 
efficacy of long-term statin treatment for 
cardiovascular events in patients with coronary 
heart disease and abnormal liver tests in the Greek 
Atorvastatin and Coronary Heart Disease 
Evaluation (GREACE) Study: a post-hoc 
analysis. Lancet. 2010;376:1916-22.

112. Antonopoulos AS, Margaritis M, Lee R, Channon 
K, Antoniades C. Statins as anti inflflammatory 
agents in atherogenesis−Molecular mechanisms 
and lessons from the recent clinical trials. Curr 
Pharm Des 2012;18(11):1519-30.

113. Mechanick JI, Apovian C, Brethauer S, Timothy 
Garvey W, Joffe AM, et al. Clinical practice 
guidelines for the perioperative nutrition, 
metabolic, and nonsurgical support of patients 
undergoing bariatric procedures—2019 update: 
cosponsored by American Association of Clinical 
Endocrinologists/American College of 
Endocrinology, The Obesity Society, American 
Society for Metabolic and Bariatric Surgery, 
Obesity Medicine Association, and American 
Society of Anesthesiologists. Obesity (Silver 
Spring). 2020;28:O1-58.

114. Sjöström L, Narbro K, Sjöström CD, Karason K, 
Larsson B, Wedel H, et al. Effects of bariatric 
surgery on mortality in Swedish obese subjects. N 
Engl J Med. 2007;357:741-52.

115. Kwok CS, Pradhan A, Khan MA, Anderson SG, 
Keavney BD, Myint PK, et al. Bariatric surgery 
and its impact on cardiovascular disease and 
mortality: a systematic review and metaanalysis. 
Int J Cardiol. 2014;173:20-28.

116. Lassailly G, Caiazzo R, Buob D, Pigeyre M, 
Verkindt H, Labreuche J, et al. Bariatric surgery 
reduces features of  nonalcoholic steatohepatitis 
in morbidly obese patients. Gastroenterology. 
2015;149:379-88.

117. Sanyal AJ, Chalasani N, Kowdley KV, 
McCullough A, Diehl AM, Bass NM, et al. 
Pioglitazone, vitamin E, or placebo for 
nonalcoholic steatohepatitis. N Engl J Med. 2010; 
362:1675-85.

118. Bril F, Biernacki DM, Kalavalapalli S, Lomonaco 
R, Subbarayan SK, Lai J, et al. Role of vitamin E 
for nonalcoholic steatohepatitis in patients with 

type 2 diabetes: a randomized controlled trial. 
Diabetes Care. 2019;42:1481-88.

119. Belfort R, Harrison SA, Brown K, Darland C, Finch 
J, Hardies J, et al. A placebo-controlled trial of 
pioglitazone in subjects with nonalcoholic 
steatohepatitis. N Engl J Med. 2006;355:2297 -307.

120. Cusi K, Orsak B, Bril F, Lomonaco R, Hecht J, 
Ortiz-Lopez C,et al. Long-term pioglitazone 
treatment for patients with nonalcoholic 
steatohepatitis and prediabetes or type 2 diabetes 
mellitus: a randomized trial. Ann Intern Med. 
2016;165:305-15.

121. Armstrong MJ, Gaunt P, Aithal GP, Barton D, 
Hull D, Parker R,et al. Liraglutide safety and 
efficacy in patients with nonalcoholic 
steatohepatitis (LEAN): a multicentre, 
double-blind, randomised, placebo-controlled 
phase 2 study. Lancet. 2016; 387:679-90.

122. Newsome PN, Buchholtz K, Cusi K, Linder M, 
Okanoue T, Ratziu V, et al. A placebo-controlled 
trial of subcutaneous semaglutide in nonalcoholic 
steatohepatitis. N Engl J Med.2021;384:1113-24.

123. Jastreboff AM, Aronne LJ, Ahmad NN, Wharton 
S, Connery L, Alves B, et al. Tirzepatide once 
weekly for the treatment of obesity. N Engl J 
Med. 2022;387:205-16.

124. Gastaldelli A, Cusi K, Fernández Landó L, Bray 
R, Brouwers B, Rodríguez Á. Effect of tirzepatide 
versus insulin degludec on liver fat content and 
abdominal adipose tissue in people with type 2 
diabetes (SURPASS-3 MRI): a substudy of the 
randomised, open-label, parallel-group, phase 3 
SURPASS-3 trial. Lancet Diabetes Endocrinol. 
2022;10:393-406.

125. Loomba R, Lutchman G, Kleiner DE, Ricks M, 
Feld JJ, Borg BB, et al. Clinical trial: pilot study 
of metformin for the treatment of nonalcoholic 
steatohepatitis. Aliment Pharmacol Ther. 2008; 
29:172-82.

126. Lindor KD, Kowdley KV, Heathcote EJ, Harrison 
ME, Jorgen sen R, Angulo P, et al. 
Ursodeoxycholic acid for treatment of 
nonalcoholic steatohepatitis: results of a 
randomized trial. Hepatology. 2004;39:770-8.

127. Smits MM, Tonneijck L, Muskiet MHA, Kramer MHH, 
Pouwels PJW, Pieters-van den Bos IC, et al. Twelve 

week liraglutide or sitagliptin does not affect hepatic fat 
in type 2 diabetes: a randomised placebo-controlled 
trial. Diabetologia. 2016;59: 2588-93.

128. Argo CK, Patrie JT, Lackner C, Henry TD, de 
Lange EE, Weltman AL, et al. Effects of n-3 fish 
oil on metabolic and histological parameters in 
NASH: a double-blind, randomized, placebo- 
controlled trial. J Hepatol. 2015;62: 190-7.

129. Loomba R, Sirlin CB, Ang B, Bettencourt R, Jain 
R, Salotti J, et al. Ezetimibe for the treatment of 
nonalcoholic steatohepatitis: assessment by novel 
magnetic resonance imaging and magnetic 
resonance elastography in a randomized trial 
(MOZART trial). Hepatology. 2015;61:1239-50.

130. Fernández-Miranda C, Pérez-Carreras M, Colina 
F, LópezAlonso G, Vargas C, Solís-Herruzo JA. A 
pilot trial of fenofibrate for the treatment of 
non-alcoholic fatty liver disease. Dig Liver 
Dis.2008;40:200-5.

131. Wah Kheong C, Nik Mustapha NR, Mahadeva S. 
A randomized trial of silymarin for the treatment 
of nonalcoholic steatohepatitis. Clin 
Gastroenterol Hepatol. 2017;15:1940-49.

132. Sun L, Cai J, Gonzalez FJ. The role of farnesoid X 
receptor in metabolic diseases, and 
gastrointestinal and liver cancer. Nat Rev 
Gastroenterol Hepatol 2021;18:335-47.

133. Younossi ZM, Ratziu V, Loomba R, et al. 
Obeticholic acid for the treatment of nonalcoholic 
steatohepatitis: interim analysis from a 
multicentre, randomised, placebo controlled 
phase 3 trial. Lancet 2019;394:2184-96.

134. Dufour J-F, Anstee QM, Bugianesi E, et al. 
Current therapies and new developments in 
NASH Gut 2022;71:2123–2134134. Sinha RA, 
Bruinstroop E, Singh BK, et al. Nonalcoholic 
fatty liver disease and hypercholesterolemia: roles 
of thyroid hormones, metabolites, and agonists. 
Thyroid 2019;29:1173-91.

135. Francque SM, Bedossa P, Ratziu V, et al. A 
randomized, controlled trial of the pan-PPAR 
agonist Lanifibranor in NASH. N Engl J Med 
Overseas Ed 2021;385:1547-58.

136. Sinha RA, Bruinstroop E, Singh BK, et al. 
Nonalcoholic fatty liver disease and 

hypercholesterolemia: roles of thyroid hormones, 
metabolites, and agonists. Thyroid 2019;29:1173 
-91.

137. Harrison Set al. MAESTRO-NAFLD-1: 
Resmetirom (100 Mg) reduces liver fat 
(MRI-PDFF) and liver stiffness (MRE). Abstract 
2563, EASL 2021.

SNE Jannat et al.“NASH-Worldwide the Commonest Aetiology of Liver Cirrhosis”- a Review Article



Vol. 2, No. 2, July 2023Bangabandhu Sheikh Mujib Medical College Journal

122

reduce atherosclerotic CVD risk. Pioglitazone used for  
glycemic control has concomitant beneficiary effect on 
lipid profile102.

Bariatric surgery: Currently accepted criteria for 
bariatric surgery are BMI ≥40 kg/m2 irrespective of 
metabolic comorbidities or BMI ≥ 35 kg/m2 with 
comorbidities (T2DM or prediabetes, uncontrolled 
hypertension, osteoarthritis of hip or knee, urinary 
incontinence), NAFLD/NASH is increasingly accepted 
as a co-morbid condition benefiting from bariatric 
surgery113. Bariatric surgery should be considered as a 
therapeutic option in patients who meet criteria for 
surgery, as it effectively resolves NAFLD or NASH in 
the majority of  patients without cirrhosis, induce 
sustained weight loss of up to 30%, cure diabetes, and 
decrease all-cause morbidity and mortality114,115. Study 
shows resolution of NASH without worsening of 
fibrosis occurred in 80% of patients 1 year following 
bariatric surgery,which was maintained at 5 years116.

Pharmacological treatments:

Despite the rising prevalence and serious potential 
clinical consequences, there are currently no treatments 
licensed for NASH. Treatment relies on lifestyle 
changes, primarily weight loss. There are medications 
approved for other indications that have shown benefits 
for NASH in clinical trials and should be considered for 
patients with biopsy-proven NASH and fibrosis under 
specific circumstances.

Vitamin E: At a dose 800IU/day improves steatosis, but 
no proven benefit on fibrosis. It can increase the risk of 
Hemorrhagic stroke & prostate cancer117,118.

Pioglitazone: At a dose of 30–45 mg/ day improves 
steatosis activity and NASH resolution, may improve 
fibrosis, improves insulin sensitivity, can prevent 
T2DM, stroke & reduces CV risk. It may cause weight 
gain,  exacerbate heart failure & osteoporosis119, 120.

Liraglutide: At a dose of 0.6–3 mg/day subcutaneously 
has no proven impact on fibrosis but improves steatosis 
& insulin sensitivity, causes weight loss, reduces CV 
risk & may slow progression of renal disease, it may 
causes gall stone related pancreatitis121.

Semaglutide: At a dose of 0.4 mg subcutaneously daily 
or 0.25–2.4 mg subcutaneously weekly has no proven 
benefit on fibrosis, but may slow down its progression, 
improves steatosis activity, causes resolution of NASH, 
improve insulin sensitivity, causes weight loss, 
improves CV and renal outcomes, stroke prevention, it 
may causes gall stone related pancreatitis122.

Tirzepatide: It reduces steatosis, improve insulin 
sensitivity, causes significant weight loss, it may causes 
gall stone related pancreatitis123, 124.

Sodium glucose cotransporter-2 inhibitor(SGLT-2i): 
Reduce steatosis, may improve insulin sensitivity, 
improves CV and renal outcomes, has beneficial effect 
in heart failure, causes modest weight loss, it increases 
the risk of genitourinary yeast infection, volume 
depletion & bone loss123, 124.

Metformin125, ursodeoxycholic acid126, dipeptidyl  
peptidase-4127, n-3 polyunsturated fatty acids128, 
ezetimibe129, fenofibrate130 and silymarin131 are well 
studied in NASH and should not be used as a treatment 
for NASH as they do not offer a meaningful histological 
benefit.

The farnesoid X receptor (FXR) is a ligand-activated 
transcription factor, involved in the control of bile acid 
synthesis and is also central to a number of pathways in 
the liver, affecting inflammation, fibrosis, lipid 
metabolism and glucose metabolism132. Obeticholic 
acid is a selective FXR agonist currently tested in a 
phase III trial. The main adverse event was pruritus and 
increase in LDL cholesterol, responsive to statin 
therapy133.

Peroxisome proliferator-activated receptors (PPARs)- 
Lanifibranor, is generally well tolerated with mild 
weight gain under phase III trial134,135.

Thyroid hormone receptor beta (THR-β- is crucial for 
liver homoeostasis. Resmetirom a THR-β agonist, have 
been shown to improve lipid metabolism134,136) liver 
stiffness, as well as reduction in LDL-cholesterol and 
ApoB137.

Screening for HCC:

High-risk individuals like T2DM, medically 
complicated obesity, family history of cirrhosis, or more 
than mild alcohol consumption, should be screened for 
advanced fibrosis. Patients with NASH cirrhosis should 
be screened for gastroesophageal varices and HCC. 
Current evidence does not support routine screening and 
surveillance for HCC in patients with noncirrhotic 
NASH102.

Conclusions:

There are still challenges to develop accurate, specific, 
meaningful imaging technology and circulating 
biomarkers for diagnosis, staging, monitoring disease 
progression. No specific drug therapy for NASH is still 

recommended. As lifestyle modification is still the 
cornerstone of management- need extensive awareness 
that can make a real difference in outcome of NASH.
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reduce atherosclerotic CVD risk. Pioglitazone used for  
glycemic control has concomitant beneficiary effect on 
lipid profile102.

Bariatric surgery: Currently accepted criteria for 
bariatric surgery are BMI ≥40 kg/m2 irrespective of 
metabolic comorbidities or BMI ≥ 35 kg/m2 with 
comorbidities (T2DM or prediabetes, uncontrolled 
hypertension, osteoarthritis of hip or knee, urinary 
incontinence), NAFLD/NASH is increasingly accepted 
as a co-morbid condition benefiting from bariatric 
surgery113. Bariatric surgery should be considered as a 
therapeutic option in patients who meet criteria for 
surgery, as it effectively resolves NAFLD or NASH in 
the majority of  patients without cirrhosis, induce 
sustained weight loss of up to 30%, cure diabetes, and 
decrease all-cause morbidity and mortality114,115. Study 
shows resolution of NASH without worsening of 
fibrosis occurred in 80% of patients 1 year following 
bariatric surgery,which was maintained at 5 years116.

Pharmacological treatments:

Despite the rising prevalence and serious potential 
clinical consequences, there are currently no treatments 
licensed for NASH. Treatment relies on lifestyle 
changes, primarily weight loss. There are medications 
approved for other indications that have shown benefits 
for NASH in clinical trials and should be considered for 
patients with biopsy-proven NASH and fibrosis under 
specific circumstances.

Vitamin E: At a dose 800IU/day improves steatosis, but 
no proven benefit on fibrosis. It can increase the risk of 
Hemorrhagic stroke & prostate cancer117,118.

Pioglitazone: At a dose of 30–45 mg/ day improves 
steatosis activity and NASH resolution, may improve 
fibrosis, improves insulin sensitivity, can prevent 
T2DM, stroke & reduces CV risk. It may cause weight 
gain,  exacerbate heart failure & osteoporosis119, 120.

Liraglutide: At a dose of 0.6–3 mg/day subcutaneously 
has no proven impact on fibrosis but improves steatosis 
& insulin sensitivity, causes weight loss, reduces CV 
risk & may slow progression of renal disease, it may 
causes gall stone related pancreatitis121.

Semaglutide: At a dose of 0.4 mg subcutaneously daily 
or 0.25–2.4 mg subcutaneously weekly has no proven 
benefit on fibrosis, but may slow down its progression, 
improves steatosis activity, causes resolution of NASH, 
improve insulin sensitivity, causes weight loss, 
improves CV and renal outcomes, stroke prevention, it 
may causes gall stone related pancreatitis122.

Tirzepatide: It reduces steatosis, improve insulin 
sensitivity, causes significant weight loss, it may causes 
gall stone related pancreatitis123, 124.

Sodium glucose cotransporter-2 inhibitor(SGLT-2i): 
Reduce steatosis, may improve insulin sensitivity, 
improves CV and renal outcomes, has beneficial effect 
in heart failure, causes modest weight loss, it increases 
the risk of genitourinary yeast infection, volume 
depletion & bone loss123, 124.

Metformin125, ursodeoxycholic acid126, dipeptidyl  
peptidase-4127, n-3 polyunsturated fatty acids128, 
ezetimibe129, fenofibrate130 and silymarin131 are well 
studied in NASH and should not be used as a treatment 
for NASH as they do not offer a meaningful histological 
benefit.

The farnesoid X receptor (FXR) is a ligand-activated 
transcription factor, involved in the control of bile acid 
synthesis and is also central to a number of pathways in 
the liver, affecting inflammation, fibrosis, lipid 
metabolism and glucose metabolism132. Obeticholic 
acid is a selective FXR agonist currently tested in a 
phase III trial. The main adverse event was pruritus and 
increase in LDL cholesterol, responsive to statin 
therapy133.

Peroxisome proliferator-activated receptors (PPARs)- 
Lanifibranor, is generally well tolerated with mild 
weight gain under phase III trial134,135.

Thyroid hormone receptor beta (THR-β- is crucial for 
liver homoeostasis. Resmetirom a THR-β agonist, have 
been shown to improve lipid metabolism134,136) liver 
stiffness, as well as reduction in LDL-cholesterol and 
ApoB137.

Screening for HCC:

High-risk individuals like T2DM, medically 
complicated obesity, family history of cirrhosis, or more 
than mild alcohol consumption, should be screened for 
advanced fibrosis. Patients with NASH cirrhosis should 
be screened for gastroesophageal varices and HCC. 
Current evidence does not support routine screening and 
surveillance for HCC in patients with noncirrhotic 
NASH102.

Conclusions:

There are still challenges to develop accurate, specific, 
meaningful imaging technology and circulating 
biomarkers for diagnosis, staging, monitoring disease 
progression. No specific drug therapy for NASH is still 

recommended. As lifestyle modification is still the 
cornerstone of management- need extensive awareness 
that can make a real difference in outcome of NASH.
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reduce atherosclerotic CVD risk. Pioglitazone used for  
glycemic control has concomitant beneficiary effect on 
lipid profile102.

Bariatric surgery: Currently accepted criteria for 
bariatric surgery are BMI ≥40 kg/m2 irrespective of 
metabolic comorbidities or BMI ≥ 35 kg/m2 with 
comorbidities (T2DM or prediabetes, uncontrolled 
hypertension, osteoarthritis of hip or knee, urinary 
incontinence), NAFLD/NASH is increasingly accepted 
as a co-morbid condition benefiting from bariatric 
surgery113. Bariatric surgery should be considered as a 
therapeutic option in patients who meet criteria for 
surgery, as it effectively resolves NAFLD or NASH in 
the majority of  patients without cirrhosis, induce 
sustained weight loss of up to 30%, cure diabetes, and 
decrease all-cause morbidity and mortality114,115. Study 
shows resolution of NASH without worsening of 
fibrosis occurred in 80% of patients 1 year following 
bariatric surgery,which was maintained at 5 years116.

Pharmacological treatments:

Despite the rising prevalence and serious potential 
clinical consequences, there are currently no treatments 
licensed for NASH. Treatment relies on lifestyle 
changes, primarily weight loss. There are medications 
approved for other indications that have shown benefits 
for NASH in clinical trials and should be considered for 
patients with biopsy-proven NASH and fibrosis under 
specific circumstances.

Vitamin E: At a dose 800IU/day improves steatosis, but 
no proven benefit on fibrosis. It can increase the risk of 
Hemorrhagic stroke & prostate cancer117,118.

Pioglitazone: At a dose of 30–45 mg/ day improves 
steatosis activity and NASH resolution, may improve 
fibrosis, improves insulin sensitivity, can prevent 
T2DM, stroke & reduces CV risk. It may cause weight 
gain,  exacerbate heart failure & osteoporosis119, 120.

Liraglutide: At a dose of 0.6–3 mg/day subcutaneously 
has no proven impact on fibrosis but improves steatosis 
& insulin sensitivity, causes weight loss, reduces CV 
risk & may slow progression of renal disease, it may 
causes gall stone related pancreatitis121.

Semaglutide: At a dose of 0.4 mg subcutaneously daily 
or 0.25–2.4 mg subcutaneously weekly has no proven 
benefit on fibrosis, but may slow down its progression, 
improves steatosis activity, causes resolution of NASH, 
improve insulin sensitivity, causes weight loss, 
improves CV and renal outcomes, stroke prevention, it 
may causes gall stone related pancreatitis122.

Tirzepatide: It reduces steatosis, improve insulin 
sensitivity, causes significant weight loss, it may causes 
gall stone related pancreatitis123, 124.

Sodium glucose cotransporter-2 inhibitor(SGLT-2i): 
Reduce steatosis, may improve insulin sensitivity, 
improves CV and renal outcomes, has beneficial effect 
in heart failure, causes modest weight loss, it increases 
the risk of genitourinary yeast infection, volume 
depletion & bone loss123, 124.

Metformin125, ursodeoxycholic acid126, dipeptidyl  
peptidase-4127, n-3 polyunsturated fatty acids128, 
ezetimibe129, fenofibrate130 and silymarin131 are well 
studied in NASH and should not be used as a treatment 
for NASH as they do not offer a meaningful histological 
benefit.

The farnesoid X receptor (FXR) is a ligand-activated 
transcription factor, involved in the control of bile acid 
synthesis and is also central to a number of pathways in 
the liver, affecting inflammation, fibrosis, lipid 
metabolism and glucose metabolism132. Obeticholic 
acid is a selective FXR agonist currently tested in a 
phase III trial. The main adverse event was pruritus and 
increase in LDL cholesterol, responsive to statin 
therapy133.

Peroxisome proliferator-activated receptors (PPARs)- 
Lanifibranor, is generally well tolerated with mild 
weight gain under phase III trial134,135.

Thyroid hormone receptor beta (THR-β- is crucial for 
liver homoeostasis. Resmetirom a THR-β agonist, have 
been shown to improve lipid metabolism134,136) liver 
stiffness, as well as reduction in LDL-cholesterol and 
ApoB137.

Screening for HCC:

High-risk individuals like T2DM, medically 
complicated obesity, family history of cirrhosis, or more 
than mild alcohol consumption, should be screened for 
advanced fibrosis. Patients with NASH cirrhosis should 
be screened for gastroesophageal varices and HCC. 
Current evidence does not support routine screening and 
surveillance for HCC in patients with noncirrhotic 
NASH102.

Conclusions:

There are still challenges to develop accurate, specific, 
meaningful imaging technology and circulating 
biomarkers for diagnosis, staging, monitoring disease 
progression. No specific drug therapy for NASH is still 

recommended. As lifestyle modification is still the 
cornerstone of management- need extensive awareness 
that can make a real difference in outcome of NASH.
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reduce atherosclerotic CVD risk. Pioglitazone used for  
glycemic control has concomitant beneficiary effect on 
lipid profile102.

Bariatric surgery: Currently accepted criteria for 
bariatric surgery are BMI ≥40 kg/m2 irrespective of 
metabolic comorbidities or BMI ≥ 35 kg/m2 with 
comorbidities (T2DM or prediabetes, uncontrolled 
hypertension, osteoarthritis of hip or knee, urinary 
incontinence), NAFLD/NASH is increasingly accepted 
as a co-morbid condition benefiting from bariatric 
surgery113. Bariatric surgery should be considered as a 
therapeutic option in patients who meet criteria for 
surgery, as it effectively resolves NAFLD or NASH in 
the majority of  patients without cirrhosis, induce 
sustained weight loss of up to 30%, cure diabetes, and 
decrease all-cause morbidity and mortality114,115. Study 
shows resolution of NASH without worsening of 
fibrosis occurred in 80% of patients 1 year following 
bariatric surgery,which was maintained at 5 years116.

Pharmacological treatments:

Despite the rising prevalence and serious potential 
clinical consequences, there are currently no treatments 
licensed for NASH. Treatment relies on lifestyle 
changes, primarily weight loss. There are medications 
approved for other indications that have shown benefits 
for NASH in clinical trials and should be considered for 
patients with biopsy-proven NASH and fibrosis under 
specific circumstances.

Vitamin E: At a dose 800IU/day improves steatosis, but 
no proven benefit on fibrosis. It can increase the risk of 
Hemorrhagic stroke & prostate cancer117,118.

Pioglitazone: At a dose of 30–45 mg/ day improves 
steatosis activity and NASH resolution, may improve 
fibrosis, improves insulin sensitivity, can prevent 
T2DM, stroke & reduces CV risk. It may cause weight 
gain,  exacerbate heart failure & osteoporosis119, 120.

Liraglutide: At a dose of 0.6–3 mg/day subcutaneously 
has no proven impact on fibrosis but improves steatosis 
& insulin sensitivity, causes weight loss, reduces CV 
risk & may slow progression of renal disease, it may 
causes gall stone related pancreatitis121.

Semaglutide: At a dose of 0.4 mg subcutaneously daily 
or 0.25–2.4 mg subcutaneously weekly has no proven 
benefit on fibrosis, but may slow down its progression, 
improves steatosis activity, causes resolution of NASH, 
improve insulin sensitivity, causes weight loss, 
improves CV and renal outcomes, stroke prevention, it 
may causes gall stone related pancreatitis122.

Tirzepatide: It reduces steatosis, improve insulin 
sensitivity, causes significant weight loss, it may causes 
gall stone related pancreatitis123, 124.

Sodium glucose cotransporter-2 inhibitor(SGLT-2i): 
Reduce steatosis, may improve insulin sensitivity, 
improves CV and renal outcomes, has beneficial effect 
in heart failure, causes modest weight loss, it increases 
the risk of genitourinary yeast infection, volume 
depletion & bone loss123, 124.

Metformin125, ursodeoxycholic acid126, dipeptidyl  
peptidase-4127, n-3 polyunsturated fatty acids128, 
ezetimibe129, fenofibrate130 and silymarin131 are well 
studied in NASH and should not be used as a treatment 
for NASH as they do not offer a meaningful histological 
benefit.

The farnesoid X receptor (FXR) is a ligand-activated 
transcription factor, involved in the control of bile acid 
synthesis and is also central to a number of pathways in 
the liver, affecting inflammation, fibrosis, lipid 
metabolism and glucose metabolism132. Obeticholic 
acid is a selective FXR agonist currently tested in a 
phase III trial. The main adverse event was pruritus and 
increase in LDL cholesterol, responsive to statin 
therapy133.

Peroxisome proliferator-activated receptors (PPARs)- 
Lanifibranor, is generally well tolerated with mild 
weight gain under phase III trial134,135.

Thyroid hormone receptor beta (THR-β- is crucial for 
liver homoeostasis. Resmetirom a THR-β agonist, have 
been shown to improve lipid metabolism134,136) liver 
stiffness, as well as reduction in LDL-cholesterol and 
ApoB137.

Screening for HCC:

High-risk individuals like T2DM, medically 
complicated obesity, family history of cirrhosis, or more 
than mild alcohol consumption, should be screened for 
advanced fibrosis. Patients with NASH cirrhosis should 
be screened for gastroesophageal varices and HCC. 
Current evidence does not support routine screening and 
surveillance for HCC in patients with noncirrhotic 
NASH102.

Conclusions:

There are still challenges to develop accurate, specific, 
meaningful imaging technology and circulating 
biomarkers for diagnosis, staging, monitoring disease 
progression. No specific drug therapy for NASH is still 

recommended. As lifestyle modification is still the 
cornerstone of management- need extensive awareness 
that can make a real difference in outcome of NASH.
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reduce atherosclerotic CVD risk. Pioglitazone used for  
glycemic control has concomitant beneficiary effect on 
lipid profile102.

Bariatric surgery: Currently accepted criteria for 
bariatric surgery are BMI ≥40 kg/m2 irrespective of 
metabolic comorbidities or BMI ≥ 35 kg/m2 with 
comorbidities (T2DM or prediabetes, uncontrolled 
hypertension, osteoarthritis of hip or knee, urinary 
incontinence), NAFLD/NASH is increasingly accepted 
as a co-morbid condition benefiting from bariatric 
surgery113. Bariatric surgery should be considered as a 
therapeutic option in patients who meet criteria for 
surgery, as it effectively resolves NAFLD or NASH in 
the majority of  patients without cirrhosis, induce 
sustained weight loss of up to 30%, cure diabetes, and 
decrease all-cause morbidity and mortality114,115. Study 
shows resolution of NASH without worsening of 
fibrosis occurred in 80% of patients 1 year following 
bariatric surgery,which was maintained at 5 years116.

Pharmacological treatments:

Despite the rising prevalence and serious potential 
clinical consequences, there are currently no treatments 
licensed for NASH. Treatment relies on lifestyle 
changes, primarily weight loss. There are medications 
approved for other indications that have shown benefits 
for NASH in clinical trials and should be considered for 
patients with biopsy-proven NASH and fibrosis under 
specific circumstances.

Vitamin E: At a dose 800IU/day improves steatosis, but 
no proven benefit on fibrosis. It can increase the risk of 
Hemorrhagic stroke & prostate cancer117,118.

Pioglitazone: At a dose of 30–45 mg/ day improves 
steatosis activity and NASH resolution, may improve 
fibrosis, improves insulin sensitivity, can prevent 
T2DM, stroke & reduces CV risk. It may cause weight 
gain,  exacerbate heart failure & osteoporosis119, 120.

Liraglutide: At a dose of 0.6–3 mg/day subcutaneously 
has no proven impact on fibrosis but improves steatosis 
& insulin sensitivity, causes weight loss, reduces CV 
risk & may slow progression of renal disease, it may 
causes gall stone related pancreatitis121.

Semaglutide: At a dose of 0.4 mg subcutaneously daily 
or 0.25–2.4 mg subcutaneously weekly has no proven 
benefit on fibrosis, but may slow down its progression, 
improves steatosis activity, causes resolution of NASH, 
improve insulin sensitivity, causes weight loss, 
improves CV and renal outcomes, stroke prevention, it 
may causes gall stone related pancreatitis122.

Tirzepatide: It reduces steatosis, improve insulin 
sensitivity, causes significant weight loss, it may causes 
gall stone related pancreatitis123, 124.

Sodium glucose cotransporter-2 inhibitor(SGLT-2i): 
Reduce steatosis, may improve insulin sensitivity, 
improves CV and renal outcomes, has beneficial effect 
in heart failure, causes modest weight loss, it increases 
the risk of genitourinary yeast infection, volume 
depletion & bone loss123, 124.

Metformin125, ursodeoxycholic acid126, dipeptidyl  
peptidase-4127, n-3 polyunsturated fatty acids128, 
ezetimibe129, fenofibrate130 and silymarin131 are well 
studied in NASH and should not be used as a treatment 
for NASH as they do not offer a meaningful histological 
benefit.

The farnesoid X receptor (FXR) is a ligand-activated 
transcription factor, involved in the control of bile acid 
synthesis and is also central to a number of pathways in 
the liver, affecting inflammation, fibrosis, lipid 
metabolism and glucose metabolism132. Obeticholic 
acid is a selective FXR agonist currently tested in a 
phase III trial. The main adverse event was pruritus and 
increase in LDL cholesterol, responsive to statin 
therapy133.

Peroxisome proliferator-activated receptors (PPARs)- 
Lanifibranor, is generally well tolerated with mild 
weight gain under phase III trial134,135.

Thyroid hormone receptor beta (THR-β- is crucial for 
liver homoeostasis. Resmetirom a THR-β agonist, have 
been shown to improve lipid metabolism134,136) liver 
stiffness, as well as reduction in LDL-cholesterol and 
ApoB137.

Screening for HCC:

High-risk individuals like T2DM, medically 
complicated obesity, family history of cirrhosis, or more 
than mild alcohol consumption, should be screened for 
advanced fibrosis. Patients with NASH cirrhosis should 
be screened for gastroesophageal varices and HCC. 
Current evidence does not support routine screening and 
surveillance for HCC in patients with noncirrhotic 
NASH102.

Conclusions:

There are still challenges to develop accurate, specific, 
meaningful imaging technology and circulating 
biomarkers for diagnosis, staging, monitoring disease 
progression. No specific drug therapy for NASH is still 

recommended. As lifestyle modification is still the 
cornerstone of management- need extensive awareness 
that can make a real difference in outcome of NASH.
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