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ABSTRACT

Nonalcoholic fatty liver disease (NAFLD), a condition that affects 30% of the world’s population, is one of the leading causes 
of chronic liver disease (CLD) and liver transplantation. Although exact data are not available in many developing countries, 
its prevalence is increasing at alarming rates in many studies from these countries. The rising prevalence of NAFLD has 
paralleled the increasing rates of obesity and metabolic syndrome. Hence, more recently, it has been renamed metabolic 
dysfunction-associated fatty liver disease (MAFLD). Since several studies have demonstrated an association between 
NAFLD and an increased risk of cardiovascular events, it has been proposed that NAFLD may be an independent risk factor 
for atherosclerosis. However, the data is conflicting in this regard and more studies are needed. In this review, we discussed 
the epidemiology, risk factors, clinical presentation, diagnosis, classification, and complications of NAFLD to help increase 
awareness among the medical community of this looming epidemic of metabolic liver injury.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is an umbrella 
term that encompasses a range of pathological lesions 
involving the accumulation of neutral fat in the 
hepatocytes exceeding 5% with or without consequent 
cytopathic and fibroinflammatory lesions, in the absence 
of other risk factors (particularly alcohol) for steatosis 
(Figure 1). It constitutes an important global public 
health problem of epidemic proportions.[1–5] It affects 
around 30% of the global population and is one of the 
leading causes of abnormal liver function tests, chronic 
liver disease (CLD), and end-organ liver failure requiring 
liver transplantation, particularly in industrialized 
nations.[6–10] NAFLD and non-alcoholic steatohepatitis 
(NASH) constitute an immense economic burden and 
portend a poor health-related quality of life. The 
prevalence estimates of this disease vary widely across 

populations also because of differences in methods for 
diagnosis and/or definition. In addition, as a result of an 
aging population and the improved control of other 
major causes of CLD, such as hepatitis C and hepatitis B 
viruses, the proportion of CLD cases secondary to 
NAFLD has risen in many countries.[11,12] New strategies 
for prevention, diagnosis, and management will be 
required to alter the course of this disease.

Although the exact epidemiologic data are not available 
in many developing countries, its prevalence is 
increasing at alarming rates in the few studies reported 
from these countries due mostly to urbanized and 
westernized lifestyles.[13–15] However, the disease has not 
received due attention in many developing countries. 
The rising prevalence and intensity of NAFLD have 
paralleled the globally escalating rates of obesity and 
metabolic syndrome (MS). Since several studies have 
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Figure 1. The spectrum of non-alcoholic fatty liver disease (NAFLD). Note that NAFLD is an umbrella term. It encompasses many lesions including non-
alcoholic fatty liver (NAFL) and non-alcoholic steatohepatitis (NASH). The sizes of the boxes are only approximations of the frequencies of different forms 
of NAFLD in a particular population.

demonstrated an association between NAFLD and an 
increased risk of cardiovascular events, it has been 
proposed that NAFLD may be an independent risk 
factor for atherosclerosis.[16–20] However, the data is 
conflicting in this regard and more studies are needed. 
The primary aim of this review is to provide a brief 
overview of the definition, epidemiology, risk factors, 
pathogenesis, pathology, clinical presentation, diagnosis, 
classification, and complications of NAFLD with a goal 
to increase awareness among the clinicians and the 
medical community at large of this looming epidemic of 
metabolic liver injury. The nomenclature changes and 
epidemiology of the condition will be particularly 
highlighted in this review as these are the active areas for 
ongoing research on this disease.

DEFINITION

The term NAFLD is strictly speaking a negative 
descriptor term and does not reflect the etiology or the 
underlying pathogenesis of the condition. The term was 
originally coined by Ludwig and colleagues in 1980 to 
describe fatty liver disease arising in the absence of 
significant alcohol intake.[21] In essence, the diagnosis of 
NAFLD is one of exclusion.[22–25] The spectra of etiology 
and pathogenesis of the disease have expanded in the 
face of its increasing incidence and prevalence, 
n e c e s s i t a t i n g  a  r e v i s i t i n g  o f  t h e  o r i g i n a l  
nomenclature.[26,27] The world experts reached a 
consensus at a meeting that the term NAFLD does not 
reflect current knowledge, and metabolic dysfunction-

associated fatty liver disease (MAFLD) was suggested as 
a more appropriate, affirmative, and all-encompassing 
term. Hence, in 2020, it was renamed MAFLD,[28] which 
though affirmative, but had its own limitations. In 
particular, it was still widely felt that even this term was 
stigmatizing in connotation. Hence, just recently, the 
name has been changed again. For this purpose, in June 
2023 a modified Delphi process was conducted by three 
large international liver associations. During the process, 
a total of 236 panelists from 56 countries, members of 
the NAFLD Nomenclature Consensus Group, 
participated in four online surveys and two hybrid 
meetings. The terms “non-alcoholic” and “fatty” were 
felt to be stigmatizing by 61% and 66% of respondents, 
respectively. As the term “non-alcoholic” was already 
replaced, the term “fatty” was replaced by steatosis. 
Steatotic liver disease (SLD) was selected as an umbrella 
term to include all possible causes of steatosis (Figure 2). 
The term steatohepatitis was considered to be an 
important pathophysiological concept and was retained. 
The name metabolic dysfunction-associated steatotic 
liver disease (MASLD) was chosen to replace NAFLD. 
A consensus was also reached on changing the defining 
criteria to include the presence of at least one of five 
cardiometabolic risk factors. Those with no metabolic 
parameters and no known cause were thought to have 
cryptogenic SLD. Because of the frequent concurrence 
of the two pathologies, a new category, designated 
MetALD was chosen to describe those with MASLD 
who consume greater amounts of alcohol per week (140 
to 350 g/week and 210 to 420 g/week for females and 
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Figure 2. Steatotic liver disease (SLD) and its sub-classification. This figure shows the schema for SLD and its sub-classification. SLD, diagnosed by 
imaging or on histology, has many potential causes. MASLD, defined as hepatic steatosis together with one cardiometabolic risk factor and no other 
apparent cause, ALD, and an overlap of the two (MetALD), comprise the most common causes of SLD. Other causes of SLD need to be considered 
separately, as they exhibit distinct pathophysiology. Multiple etiologies of steatosis can coexist. Those with no identifiable cause (cryptogenic SLD) may be 
reclassified in the future with developments in our understanding of disease pathophysiology.

males, respectively).[29] The new nomenclature and 
diagnostic criteria, which have the multi-stakeholder 
endorsement, have paved the way for a strong platform 
from which the medical community can increase disease 
awareness, reduce stigma and accelerate drug and 
biomarker development for the benefit of patients with 
MASLD, MASH and MetALD.[29]

Notwithstanding the above updates on nomenclature, 
for the sake of this review, we have retained and will use 
the term NAFLD hereafter throughout this discourse, as 
most of the literature that forms the basis of this review 
is based on this nominal designation.

EPIDEMIOLOGY

NAFLD is an increasingly recognized cause of liver-
related morbidity and mortality throughout the 
world.[1–12] With obesity being an important risk factor 
globally, NAFLD is now receiving greater attention and 
has attained the status of an important public health 
problem. Recent meta-analyses have shown that the 
worldwide prevalence of NAFLD is considerably higher 
than previously estimated and is continuing to increase 
at an alarming rate.[3] The estimated global incidence of 
NAFLD is 47 cases per 1,000 population and is higher 
among males than females.[4] The estimated worldwide 
prevalence of NAFLD among adults is 32% and is 
higher among males (40%) compared to females (26%). 

The global prevalence of NAFLD has increased in 
recent years, from 26% in studies from 2005 or earlier to 
38% in studies from 2016 or beyond. With a 2.16% 
annual increase from 2020 to 2040, the prevalence of 
NAFLD is projected to increase to 55.7% by 2040 if 
current trends are left unchecked.[5] Moreover, the 
prevalence of NAFLD varies significantly by world 
region, possibly contributed by differing rates of obesity, 
and genetic and socioeconomic factors.

Previous studies from North America reported 

prevalence rates of 24%–34% of the general population 
in the USA.[1,2] More recently, NAFLD prevalence has 
been reported to be 47.8% in the meta-analysis by Riazi 
et al. which included two large studies with more than 
15,000 individuals from the USA.[3] According to these 
authors, this high prevalence is driven by a high 
prevalence of obesity in the USA. In the USA, Hispanics 
have the highest prevalence rates, followed by non-
Hispanic Whites and non-Hispanic blacks. This is likely 
due to genetic factors such as the patatin-like 
phospholipase domain-containing protein 3 (PNPLA3) 
mutation, which is more common in Hispanics. This 
gene is associated with increased risk of SLD and 
NASH, as will be discussed in detail below in 
pathogenesis. This could also be related to metabolic 
factors such as the higher prevalence of central obesity 
and insulin resistance in Hispanics.[3] The prevalence is 
more or less similar in the general population in Europe 
as in the USA. Within Europe, the highest prevalence of 
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NAFLD was found in Turkey at 48.4%, followed by 

Italy at 38.2%, with lower rates of 25%–27% in some 
other European countries.[4] The rates are higher in 
certain racial and patient populations. For instance, 
NAFLD prevalence was estimated to be 63.7% in 

Hispanics in the USA. Its rate is 75%–92% in morbidly 

obese patients and 60%–70% in patients with type 2 
diabetes. The highest incidence of NAFLD has been 
noted in the Middle East and South America, while the 
lowest rates are observed in Africa.[3–13] Le et al. in a 
pooled meta-analysis of three studies from South 
America found the highest estimated prevalence of 
NAFLD in South America as compared to other 
continents. According to these researchers, this is 
probably due to a combination of genetic susceptibility 
and a greater prevalence of metabolic risk factors. In 
addition, physical activity is also inadequate in Latin 
America. There is scarcity of data on the epidemiology 
of NAFLD from Africa. Previous studies found low 
rates of NAFLD varying from 9% to 20% with an 
average of 13.5%. However, more recent studies by Le et 
al. and Riazi et al. found comparatively higher rates of 
28.2% and 56.8%, respectively.[3,4] Of note, the study by 
Riazi et al. included only one study from Egypt.[3] The 
wide variation in prevalence rates of NAFLD in Africa 
likely reflects a paucity of reliable data from this region.[4]

NAFLD is also highly prevalent in the Asia Pacific 
region, and there is some evidence that the disease in 
this region may be distinct in its phenotype from the 
disease in Western countries.[30–37] In particular, the 
disease in Asian countries can manifest at a lower body 
mass index (BMI), albeit most often after a period of 
weight gain and with central adiposity. A substantial 
percentage of individuals with NAFLD in this region 
have a BMI < 25 kg/m2 or even below 23 kg/m2 which 
is labeled as lean or no-obese NAFLD. Le et al. 
conducted a meta-analysis of published literature till 
2019 (182 studies with more than 2.3 million individuals) 
and reported an estimated prevalence of up to 30.5%.[5] 
More recently, Riazi et al. conducted a meta-analysis of 
63 studies with around one million individuals) and 
found NAFLD prevalence to be 31.6%.[3] The 
prevalence of NAFLD in the Asian continent is highly 
variable as the region comprises of countries with a wide 
diversity of ethnicities and socioeconomic factors. 
Among the Asian sub-regions, the highest prevalence of 
NAFLD was found in Southeast Asia at 42%. Rates 
from China have been reported to be around 32% and 
in Korea around 34%.[3] The lowest rates were reported 
from Japan at around 22%, which may be related to a 
low prevalence of obesity.[4]

In South Asia, NAFLD prevalence was found to vary 
from 25.7% to 32.7% in India, 26.2% to 33.8% in 
Bangladesh, and 24.7% in Sri Lanka.[3,4] A hospital-based 

study by Shah et al. from North Pakistan found its 
prevalence to be 47%, which is one of the highest 
rates.[7] Data is generally lacking from Central Asia.[4]

NAFLD also frequently acts as a cofactor with other 
liver diseases, and its impact is therefore influenced by 
the prevalence of other injurious factors such as viral 
hepatitis and alcohol consumption in different 
populations.

In particular, the prevalence of NAFLD is higher in 
countries such as China, India, and Indonesia.[31–36] Risk 
factors for NAFLD in Asia include obesity, type 2 
diabetes, and MS. There is also evidence to suggest that 
genetics may play a role in the development of NAFLD 
in Asian populations. The high prevalence of NAFLD in 
Asia is a cause for concern, as it is a major risk factor for 
the development of liver fibrosis, cirrhosis, and hepato-
cellular carcinoma (HCC).[33–35] Therefore, efforts to 
identify and manage risk factors for NAFLD are crucial 
to prevent its progression and the associated health 
consequences.

The incidence of NASH-related HCC is also rapidly 
increasing, with NASH now constituting the second 
leading etiology of HCC-related liver transplantation in 
the United States and an increasingly frequent cause of 
HCC in Asia.[31–36]

In summary, the global burden of NAFLD is enormous 
and is projected to rise substantially. It is imperative to 
maintain and gather reliable data form all world regions 
to improve the understanding of the burden of disease 
associated with NAFLD and NASH around the globe. 
This will in turn facilitate the development of healthcare 
policies to slow down this epidemic.

RISK FACTORS AND ETIOLOGY

NAFLD is a complex disease trait that can be caused by 
a variety of factors, including genetic, environmental, 
and lifestyle factors.[38–44] The penultimate cause of 
NAFLD is excess fat accumulation in the liver, which 
can be caused by a variety of factors. The exact etiology 
of NAFLD is still enigmatic, there are many risk factors 
and associations of NAFLD. Common causes and risk 
factors for primary NAFLD/NASH include obesity and 
overweight, insulin resistance, type 2 diabetes mellitus, 
MS and genetic factors and risk factors for secondary 
NAFLD/NASH include toxin exposure, agents (e.g., 
tamoxifen, amiodarone, oestrogens, pharmacologic 
glucocorticoids, HAART therapy), gastroplasty/bowel 
resection/bowel bypass surgery, rapid weight loss/
starvation, parenteral nutrition, hypothyroidism, bacterial 
overgrowth, sleep apnea, polycystic ovary syndrome, 
Wilson’s disease, Weber-Christian disease and abetalipo-
proteinemia. Among these, obesity, dyslipidemia, type 2 
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diabetes, and MS are established risk factors for 
developing NAFLD. Many other risk factors (e.g., 
hypothyroidism, polycystic ovary syndrome, obstructive 
sleep apnea, hypopituitarism, and hypogonadism) for 
NAFLD have been described in Western countries, but 
these associations are yet to be investigated adequately in 
the Asia Pacific region.[40–45] In many cases, more than 
one risk factor may contribute to fat accumulation in the 
liver.

Of note, NAFLD is extremely common among certain 
patient populations, such as patients undergoing bariatric 
surgery, where it ranges from 84% to 96%. In these 
patients, progressive forms of NAFLD are also more 
common, with 25% to 55% having NASH, 34% to 47% 
having fibrosis, and 2% to 12% having bridging fibrosis 
or cirrhosis.[46–47]

The MS is the most important risk factor for NAFLD. 
In fact, NAFLD is considered by many researchers to be 
the hepatic manifestation of MS. However, there is some 
ongoing debate on this question, as some authors have 
suggested that fatty liver disease is an independent 
component of MS.[48–50] Another clinical association for 
hepatic steatosis is chronic intermittent hypoxia due to 
sleep apnea. Sleep apnea is a common problem in 
patients who are obese. However, in general, the clinical 
risk factors do not reliably determine the risk for active 
injury or fibrosis in fatty liver disease.

PATHOGENESIS

The exact pathogenesis of NAFLD is still incompletely 
understood but is clearly complex and multifactorial.[51–55] 
A complete understanding of the mechanisms 
underlying the development of NAFLD and NASH is 
of great importance; however, despite marked advances 
in this field, knowledge of the pathogenesis of NAFLD 
is still incomplete. The 'two-hit' hypothesis is now 
obsolescent, as it was inadequate to explain the several 
molecular and metabolic changes that take place in 
NAFLD. The currently favored hypothesis is that of a 
“multiple hit” process wherein multiple factors acting 
together on a background of genetic predisposition 
contribute to the end result of NFALD (Figure 3). 
These processes occur both within the liver and outside 
it and may act synchronously or metachronously during 
the course of the development or progression of the 
disease process.[55–59] Thus, the development and 
progression of NAFLD are conditioned by a variable 
degree of combination of genetic susceptibility, environ-
mental factors, lifestyle, and features of the MS. At the 
penultimate, excess free fatty acids, and oxidative stress 
have been proposed as the main drivers of NAFLD.

Genetic factors have been shown to play a permissive 
role in the development and progression of NAFLD. 

Several genes have been identified that contribute to the 
risk of developing NAFLD, as well as the severity of the 
disease. Gene expression profiling and genome-wide 
association studies have led to the identification of gene 
polymorphisms and novel disease pathways that have 
enriched our understanding of the genetic basis of the 
disease and may prove to be potential biomarkers of 
NAFLD progression as well as possible targets of future 
therapy.[60–65]

In addition to conventional genetics, epigenetics, an 
inheritable phenomenon that affects gene expression 
without changing the DNA order, provides a new 
perspective on the pathogenesis of NAFLD. The 
epigenetic changes take place at the transcriptional level 
and provide a phenotypic connection between the host 
and the environment. An accruing body of evidence 
suggests the importance of epigenetic roles in NAFLD, 
which in turn can be identified as potential therapeutic 
targets and non-invasive biomarkers of NAFLD. It is 
predicted that the epigenetic changes in NAFLD may 
provide new molecular indicators that can determine not 
only the initial risk but also the disease progression and 
prognosis.

One of the most widely studied genes in NAFLD is the 
PNPLA3 gene. This gene codes for an enzyme that is 
involved in the catabolism of triglycerides in the liver, 
and variants in this gene can lead to the accumulation of 
triglycerides and the development of a fatty liver. 
Variants of the gene have been strongly associated with 
the development of NAFLD and the progression to 
advanced liver disease. Other genes that have been 
implicated in NAFLD include the transmembrane 6 
superfamily member 2 (TM6SF2) gene, glucokinase 
regulator (GCKR) gene, adiponectin (ADIPOQ) gene, 
and peroxisome proliferator-activated receptor alpha 
(PPARA) gene. Each of these genes codes for a product 
that plays a crucial role in normal lipid metabolism or 
transportation in the liver. The GCKR gene codes for a 
protein that regulates glucose metabolism in the liver. 
Variants of this gene have been linked to an increased 
risk of developing NAFLD, as well as the development 
of advanced liver disease. The ADIPOQ gene codes for 
a protein that is involved in regulating insulin sensitivity 
and inflammation and its variants have been associated 
with the development and progression of NAFLD. The 
PPARA gene codes for a protein that is involved in 
regulating lipid metabolism in the liver and the variants 
of this gene have been associated with an increased risk 
of developing NAFLD and its progression to advanced 
liver disease.[60–65] More recently, epigenetic factors have 
also been found to play an important role in the 
pathogenesis of NAFLD.

In summary, genetic factors play an important role in the 
development and progression of NAFLD. Several genes 
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Figure 3. Schematic diagram depicting multi-step pathogenesis of non-alcoholic fatty liver disease (NAFLD) spectrum. The first two steps are reversible 
with suitable intervention, while cirrhosis is an irreversible complication. At each of the steps of progression, both genes and environmental factors interact 
to bring about the transition (yellow dot represents fatty change, and the green four-pointed star represents scar tissue).

have been identified that contribute to the risk of 
developing NAFLD and the severity of the disease. 
However, in isolation, these are not sufficient to cause 
the full phenotype of the disease. Further research is 
needed to better understand the underlying mechanisms 
and to develop targeted therapies for patients with 
NAFLD.

Among the acquired factors, the following are important 
in the development or progression of the disease.

Morbid alterations in fat metabolism, lipotoxicity, 
and insulin resistance.

(1)

Adipose tissue dysfunction.(2)

Dietary and nutritional factors including gut 
microbiota

(3)

Each of the above factors, either alone or in variable 
combination, can trigger a series of events comprising 
oxidative stress, mitochondrial dysfunction, endoplasmic 
reticulum stress, inflammation, and fibrosis, which 
ultimately manifest as liver fibrosis and cirrhosis.[66,67]

PATHOLOGY

Steatosis or the accumulation of triglycerides in the form 
of macro- or micro-vacuoles within hepatocyte 
cytoplasm is the sine qua non of all forms of NAFLD.[68–75] 
Steatosis is routinely diagnosed by hematoxylin and 
eosin (H&E) stains and the diagnostic threshold is the 
involvement of > 5% of hepatocytes. Other types of 
lipids, including free fatty acids (FFAs), phospholipids 

(PLs), and cholesterol (the candidate lipotoxins in 
NASH), are not visible by routine light microscopy. 
Steatosis typically involves the hepatocytes in clusters; 
however, scattered single hepatocytes may be distributed 
throughout the acini. Typically, fat accumulates around 
central veins (zone 3) in NAFLD. Similarly, all 
subsequent pathologic lesions of NAFLD such as 
inflammation, fibrosis, and remodeling of the 
architecture initially involve this zone. Steatosis may also 
be evenly dispersed among hepatocytes throughout the 
acini with no zonal predilection; this pattern, referred to 
as pan-acinar, is most often noted when steatosis is 
extensive.

Fat classically accumulates in NAFLD in the form of a 
single, large vacuole replacing hepatocellular cytoplasm 
and pushing the nucleus to one side, the so-called 
macrovesicular form. However, it may occur in the form 
of multiple, small droplets of fat with the nucleus in the 
center of the cell, the so-called microvesicular form. 
Most commonly, there is a combination of both these 
forms in NAFLD (Figure 4).

Steatosis with inflammation is a type of NAFLD more 
commonly detected than isolated steatosis. The inflam-
mation is primarily lobular, but mild or moderate portal 
chronic inflammatory cell infiltrates may also be present. 
The inflammation may include small and large 
lipogranulomas. Lipogranuloma represents a focal 
response to the rupture of fat-laden hepatocytes. It 
contains macrophages, a few lymphocytes, eosinophils, 
and occasionally giant cells. A central fat globule differ-
entiates it from other types of granulomas and may 
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Figure 4. Morphological features of non-alcoholic fatty liver (NAFL) and non-alcoholic steatohepatitis (NASH). A. Medium-power view showing predom-
inantly macrovesicular steatosis in an example of NAFL. No inflammation or ballooned hepatocytes are seen. (H&E, ×200). B. Medium-power view 
showing predominantly microvesicular steatosis in an example of NAFL. No inflammation or ballooned hepatocytes are seen. A few large droplets are also 
seen. (H&E, ×200). C. Medium-power view showing foci of inflammatory cell infiltration and scattered ballooned hepatocytes. (H&E, ×200). D. High-
power view showing inflammatory cell infiltration and scattered ballooned hepatocytes. (H&E, ×400).

require serial  sections for i ts demonstrat ion. 
Lipogranulomas may lead to focal fibrosis, which should 
be differentiated from the pericentral fibrosis of NASH.

NASH is characterized by the combinations of 
macrovesicular steatosis and inflammation as described, 
with hepatocellular injury identified microscopically as 
ballooning (Figure 5). Ballooned hepatocytes in 
nonfibrotic adult steatohepatitis are found in the 
perivenular (zone 3) region of the acini. Ballooned 
hepatocytes are enlarged and their cytoplasm is clear and 
wispy or flocculent as compared to the eosinophilic, 
finely granular cytoplasm of normal hepatocytes. The 
nucleus is usually located in the center of the cell. 
Ballooned hepatocytes may contain Mallory-Denk 
bodies (MDBs). As in alcoholic liver disease (ALD), 
MDBs can be better visualized by ubiquitin and p62 
immunostaining.

A number of retrospective and prospective studies have 

established that simple steatosis without inflammation 
carries a benign prognosis while the lesions of NASH 
progress toward advanced liver disease if left untreated.

As in classic NASH, the initial injury is in the 
centrilobular region (zone 3), so the first manifestations 
of fibrosis appear in this zone as delicate perisinusoidal 
collagen and basement membrane deposits. With 
progression, the fibrosis may become dense enough to 
be observed by routine H&E stains. From this location, 
the fibrous extensions may spread to surrounding 
parenchyma in a pericellular, chicken-wire fashion. With 
further progression, these may lead to bridging between 
central areas in a web-like fashion, with complete sparing 
of portal tracts in early stages (Figure 6). More 
commonly, however, periportal fibrosis develops after 
the deposition of zone 3 perisinusoidal fibrosis. Portal 
fibrosis and a ductular reaction are noted simultaneously. 
Bridging fibrosis and cirrhosis may both retain some 
perisinusoidal fibrosis, but this is eventually incorporated 
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Figure 5. High-power view showing a few clusters of inflammatory cells including lymphocytes, histiocytes, and Kupfer cells and scattered ballooned 
hepatocytes. Note that these cells are enlarged and their cytoplasm is clear and rarefied to wispy and nuclei are centrally placed (arrows) (H&E, ×400).

into the fibrous septa. It should be noted that cirrhosis 
may or may not show histologic clues as to the origin of 
the liver damage. All the lesions of steatohepatitis, 
including steatosis, ballooning, MDBs, and perisi-
nusoidal fibrosis, may be present, but in some cases, 
none of these features is present.[68,70] Occasionally, a 
periseptal ballooned hepatocyte with an MDB is found; 
whether this is due to a cholestatic process or steatohep-
atitis requires evaluation.

CLINICAL PRESENTATION

Most cases of NAFLD occur in middle-aged adults, but 
it can also be seen in children and adolescents (see later).
[76–79] Briefly, most patients with NAFLD either have no 
symptoms (around 77%) or have non-specific 

symptoms, such as fatigue (around 50%–75%) and right 
upper quadrant abdominal discomfort. The diagnosis is 
often made on finding an enlarged liver on clinical 
examination, abnormal liver function tests not explained 
by alcohol or other liver disorders in someone who is 
overweight or who exhibits features of MS, and/or the 
finding of increased echogenicity and other features of 
fatty liver on ultrasonography. More recently, the 

importance of fatigue, which is unrelated to disease 
severity, impaired quality of life including falls, and 
possible cognitive impairment have been the subject of 
attention for patients with NAFLD.[76,77]

No specific physical signs confirm a diagnosis of 
NAFLD or distinguish NAFL from NASH. Central 
obesity is the most common physical finding, present in 
over 50% of patients. However, clinical examination is 
frequently unremarkable, and patients with NAFLD are 
typically asymptomatic. For these reasons, patients with 
NAFLD typically present late in the course of the 

disease, with 25%–33% of patients already having 
progressed to advanced fibrosis or cirrhosis before 
diagnosis.[78,79]

DIAGNOSIS

Diagnosis of NAFLD can only be suspected on clinical 
and laboratory features. Imaging studies can help in 
making a presumptive diagnosis of NAFLD. However, 
the definitive diagnosis and further categorization can 
only be made on liver biopsy examination, which is 
currently the gold standard test. The biopsy can also 
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Figure 6. Medium-power view showing pericentral fibrosis extending into the surrounding parenchyma in a chicken-wire pattern (arrows). This distribution 
is typical of non-alcoholic steatohepatitis (NASH) with fibrosis. (Trichrome stain, ×200).

help in assessing the activity, severity, and chronicity of 
the disease. In addition, the biopsy may help in 
determining other concurrent or co-existent diseases 
such as chronic hepatitis C, Wilson’s disease, 
autoimmune hepatitis, and hemochromatosis, which 
may play a synergistic role with NAFLD in causing liver 
damage. In all of these clinical scenarios, a systematic 
liver biopsy evaluation is essential in the diagnosis and 
clinical management. The value of liver biopsy 
evaluation in scientific studies is inferred from the fact 
that, although not as perfect as it seems to be, this 
evaluation constitutes a gold standard in treatment trials 
and the development of noninvasive tests.[80–86]

Well-defined diagnostic criteria have been developed 
that distinguish and thus categorize the various types of 
NAFLD, particularly in adults. Application of these 
criteria remains central not only in making a diagnosis 
and classifying NAFLD but is also essential in 
understanding the pathogenesis and natural history, and 
in interpreting therapeutic clinical trials. The recognition 

that of all individuals with NAFLD, a relatively small 
percentage actually have or will develop steatohepatitis (
i.e., NASH) and are, therefore, at risk of cirrhosis and its 
complications further underscores the importance of 
using histologic criteria to evaluate the correct 
assignment of subjects.[82,84,86] These histologic criteria 
were discussed further in the pathology section of 
NAFLD.

As alluded to earlier, a presumptive diagnosis of 
NAFLD can be made based on clinical and laboratory 
features with a positive imaging study (often ultrasound), 
negative history of significant alcohol use, and absence 
of other congenital or CLDs. But there are several 

caveats in this approach. Up to 4%–5% of patients with 
other CLDs may have NASH and autoantibodies may 
be present in significant titers in 20% of NAFLD 
patients. In order to confirm the disease and exclude 
other coincident liver diseases, a liver biopsy is required. 
While a liver biopsy can provide a wealth of information 
about the state of the liver, it is not expedient to try to 
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distinguish NAFLD from ALD by histopathological 
examination only.[87–90]

In the future, multidisciplinary or multimodality 
algorithms, particularly incorporationg radiology, 
pathology, and genetics, may be utilized for early 
detection and risk stratification in NAFLD.

IMAGING STUDIES

Imaging studies are an important tool in the diagnosis of 
NAFLD as they can detect the presence of hepatic 
steatosis (fatty liver) and assess the severity of the 
disease.[91–100] Among these, ultrasound is the most 
commonly used and the first-line diagnostic test. It is a 
non-invasive, low-cost imaging tool that can detect the 
presence of hepatic steatosis. It is widely used in clinical 
practice for the diagnosis and follow-up of NAFLD. 
However, ultrasound has limitations, as it is operator-
dependent, and it may not be able to detect mild degrees 
of steatosis. Hepatic ultrasound has a specificity of over 
90% for a diagnosis of fatty liver but is insensitive and 
can be normal if lesser degrees of hepatic steatosis (< 
33%) are present.[93] With progression and fibrosis, 
changes occur in the liver tissue stiffness, which can be 
detected by various sonoelastography techniques. These 
noninvasive techniques include transient elastography 
(TE), strain elastography (SE), 2D-shear wave 
elastography (2D-SWE), and point SWE. These are 
widely used in clinical practice for liver fibrosis staging. 
The reported sensitivity and specificity of the above 
techniques for clinically significant liver fibrosis range 
from 60% to 96% and from 18% to 100%, respectively. 
Abdominal computed tomography (CT) is usually not 
the first-line diagnostic test for hepatic steatosis. It is 
more sensitive compared to ultrasonography. However, 
it is associated with radiation exposure and is not 
routinely used as a first-line imaging study for the 
diagnosis of NAFLD.[94] Magnetic resonance imaging 
(MRI) is a highly sensitive imaging technique that can 
detect hepatic steatosis and assess the degree of fibrosis. 
It has the advantage of not using ionizing radiation and 
can provide additional information about liver perfusion 
and iron overload. However, it is more expensive than 
ultrasound and not widely available. Magnetic resonance 
elastography (MRE) is a specialized type of MRI that can 
assess liver stiffness and detect liver fibrosis. It is a more 
accurate method to assess the severity of fibrosis than 
ultrasound or CT.[91–100]

In summary, imaging studies are essential in the 
diagnosis of NAFLD, and ultrasound is the initial and 
most commonly used imaging study. However, 
depending on the clinical scenario, additional imaging 
studies such as MRI or MRE may be necessary for 
further evaluation and management of the disease.

LABORATORY INVESTIGATIONS

Laboratory investigations play an essential role in 
suspecting the diagnosis of NAFLD. Several serum 
biomarkers, including alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), gamma-glutamyl 
transferase (GGT), and alkaline phosphatase (ALP), 
have been used to diagnose NAFLD. However, these 
biomarkers are not specific to NAFLD and can be 
elevated in other liver diseases.

Typically, serum levels of AST and ALT are mildly 
increased, but some cases will have normal enzyme 
levels.[76–80] Extremely high enzyme levels (> 1000 IU/L) 
are unusual in NAFLD and should raise the possibility 
of other causes (viral hepatitis, drugs, or autoimmune 
hepatitis). Characteristically, the ALT exceeds AST 
values and can be raised up to 10-fold greater than the 
upper limit of normal. ALD or the possibility of 
advanced hepatic fibrosis should be considered if the 
AST-ALT ratio is greater than 1. It is important to note 
that the entire spectrum of NAFLD can occur in 
seemingly healthy individuals with normal enzyme levels.

NON-INVASIVE BIOMARKERS

Non-invasive biomarkers have attracted considerable 
attention in recent years. They are poised to play an 
increasing role in the diagnosis and management of 
NAFLD because they offer a simpler, less invasive, and 
less expensive alternative to liver biopsy, which has been 
considered the gold standard for diagnosing and staging 
NAFLD.[101–106] A large battery of these markers, both 
imaging and laboratory-based, have been investigated for 
their utility in NAFLD diagnosis, risk stratification, and 
prognosis. These include serum biomarkers, imaging-
based biomarkers, fibrosis makers, and genomic 
markers. The serum biomarkers typically include liver 
enzymes and were discussed in the previous section of 
this review. Imaging-based biomarkers, such as 
controlled attenuation parameter (CAP) and liver 
stiffness measurement (LSM), can be obtained from 
specialized ultrasound machines or MRI. These 
biomarkers have been shown to be accurate in 
diagnosing and staging NAFLD.[102–104] Fibrosis  
biomarkers, such as the FibroTest and the Enhanced 
Liver Fibrosis (ELF) score, have been used to assess the 
degree of liver fibrosis in patients with NAFLD. These 
biomarkers combine the levels of serum markers, such 
as hyaluronic acid, procollagen III N-terminal peptide, 
and tissue inhibitor of matrix metalloproteinase-1, to 
predict the degree of liver fibrosis. Lastly, genomic 
biomarkers, such as the PNPLA3 genotype, have been 
associated with the risk of developing NAFLD and the 
severity of the disease. These biomarkers may have a 
role in predicting the development of advanced liver 
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disease and in selecting patients for early intervention.[105]

In summary, non-invasive biomarkers have an important 
role in the diagnosis and management of NAFLD. While 
these biomarkers are not yet as accurate as liver biopsy, 
they offer a less invasive and less expensive alternative 
for diagnosing and staging NAFLD, which can lead to 
earlier detection and management of the disease.

SCREENING

Several guidelines on the global level have already taken 
a stand on screening for NAFLD. According to the 
consensus, screening is not recommended in the general 
population.[107–109] The American Association for the 
Study of Liver Diseases (AASLD) even discourages 
screening in high-risk groups because of the current lack 
of treatment options, unclear value of screening tests, 
and uncertain cost-effectiveness. However, “a high index 
of suspicion” for the presence of NAFLD in diabetes 
mellitus type 2 patients is advised. While the Asia Pacific 
Society does recommend screening in high-risk groups, 
i.e., those with diabetes mellitus and obesity.[79]

Specific screening recommendations are also found in 
the Latin American and European guidelines, wherein, 
NAFLD screening is recommended for patients with 
repetitively or continually elevated liver enzymes, 
features of MS, or obesity [BMI > 30 kg/m2] according 
to Latin American guidelines.[110] Along the same lines, 
patients with insulin resistance and MS, especially overt 
type 2 diabetes, should also be screened for the presence 
o f  N A F L D  a c c o r d i n g  t o  t h e  E u r o p e a n  
recommendation, regardless of the level of liver 
enzymes.[111] Both guidelines primarily recommend 
abdominal ultrasound as the initial investigation to 
define the presence of steatosis. Serum fibrosis tests are 
c o n s i d e r e d  a p p r o p r i a t e  f o r  f u r t h e r  r i s k  
stratification,[110,111] with the Latin American guideline 
categorically recommending the determination of FIB-4 
and NFS. Elastography, as a more reliable method, is 
also mentioned[110] but is considered a second-line 
examination due to its lack of availability in many places.

CHILDHOOD NAFLD

Although traditionally thought to be an adult disease, 
NAFLD is increasingly being detected in pediatric 
populations worldwide, particularly, in the wake of the 
current global epidemic of childhood obesity. In fact, 
NAFLD is now the most common cause of CLD in 
children.[112–117] Childhood NAFLD is also called Type II 
NAFLD, in contrast to Type I, which is seen in adults. 
Importantly, the rising incidence is not limited to 
children in industrialized countries. NAFLD is now 
recognized as the most common liver disease in 

children, and it is estimated that up to 10% of children 
in the general population may have this condition. It is 
reported to be more common in males and children of 
Hispanic and Asian ethnicity than in whites.[114]

As in adult NAFLD, childhood NAFLD is closely 
associated with obesity, insulin resistance, and MS. 
Other risk factors include a family history of NAFLD or 
other liver diseases, as well as certain medical conditions, 
such as type 2 diabetes, high cholesterol, and high blood 
pressure.[115,116]

Similar to its adult counterpart, the diagnosis of 
childhood NAFLD is made based on a combination of 
clinical, laboratory, and imaging findings. Blood tests 
may reveal elevated liver enzymes, such as ALT, and 
imaging studies, such as ultrasound, may show evidence 
of fat accumulation in the liver. In some cases, a liver 
biopsy may be necessary to confirm the diagnosis and 
assess the degree of liver damage.[117]

The histology of pediatric NAFLD is also somewhat 
different than its adult counterpart. There is more severe 
steatosis, few or no ballooned hepatocytes, little lobular 
inflammation, few or no polymorphonuclear leukocytes, 
more portal inflammation, little zone 3 fibrosis, and 
more periportal fibrosis. Thus, the features of childhood 
NAFLD resemble those of chronic hepatitis.

If left untreated, childhood NAFLD can progress to 
NASH, which in turn, can lead to liver fibrosis, cirrhosis, 
and even HCC. Therefore, it is important to diagnose 
and manage childhood NAFLD early to prevent 
progression to more serious liver disease. Treatment 
typically includes lifestyle modifications, such as weight 
loss, regular exercise, and a healthy diet, as well as close 
monitoring of liver function and the presence of any 
complications.[118–121]

LEAN NAFLD

Lean NAFLD is a type of NAFLD that is characterized 
by the presence of hepatic steatosis in people who are 
not obese, as defined by a BMI of < 25 kg/m2. This 
condition is also known as non-obese NAFLD. 
Traditionally, NAFLD has been associated with obesity 
and MS, but recent studies have shown that lean 
individuals can also develop NAFLD.[122–134] The exact 
cause of lean NAFLD is not fully understood, but it is 
believed to be multifactorial. Potential contributing 
factors include genetic predisposition, insulin resistance, 
altered lipid metabolism, dietary factors, and lifestyle 
habits.[123–126]

The prevalence of lean NAFLD is relatively lower 
compared to NAFLD in overweight or obese 
individuals. However, its exact prevalence is challenging 
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to determine due to variations in diagnostic criteria and 
limited research specifically focused on lean NAFLD. 
Some studies suggest that lean NAFLD accounts for 

approximately 10%–20% of all NAFLD cases, but these 
estimates may vary.[127–129] Lean NAFLD is seen more in 
Asian countries.

The diagnosis of lean NAFLD is made based on the 
presence of hepatic steatosis on imaging studies such as 
ultrasound, CT, or MRI, in the absence of significant 
alcohol consumption, viral hepatitis, or other causes of 
liver disease. It is important to note that lean individuals 
with NAFLD can also experience liver damage and 
progression of the disease, although the risk may be 
lower compared to individuals with obesity-associated 
NAFLD. Patients with lean NAFLD can have similar 
histological features as those with obesity-related 
NAFLD, inc lud ing  inf lammat ion ,  ba l looned 
hepatocytes, and fibrosis.[130–134]

Management of lean NAFLD is similar to that of 
obesity-related NAFLD and includes lifestyle modific-
ations such as weight loss, dietary changes, and exercise. 
In some cases, medications such as insulin sensitizers 
and lipid-lowering agents may also be used. Close 
monitoring and follow-up with a healthcare provider are 
essential to prevent the progression of the disease and 
the development of complications.

COMPLICATIONS

NAFLD, if left unaddressed, can lead to several 
complications, especially in its advanced stages.[135–137] 
These include:

(1) NASH: NASH is a more severe and progressive 
form of NAFLD characterized by liver inflammation 
and hepatocellular injury. It can progress to advanced 
fibrosis, cirrhosis, and even liver failure.

(2) Cirrhosis: Prolonged inflammation and liver damage 
in NASH can result in the development of fibrosis, and 
in advanced cases, cirrhosis. Cirrhosis further increases 
the risk of ominous complications such as liver failure, 
portal hypertension, and the development of HCC.

(3) HCC: NAFLD, particularly NASH-related cirrhosis, 
increases the risk of developing HCC. The risk is 
markedly increased as compared with the general 
population.

(4) Cardiovascular disease: NAFLD is strongly 
associated with an increased risk of cardiovascular 
conditions such as heart attacks, strokes, and athero-
sclerosis. People with NAFLD are more likely to have 
high blood pressure, high cholesterol levels, and other 
risk factors for cardiovascular disease.

(5) Type 2 diabetes and MS: These have reciprocal 
relationship with NAFLD. On the one hand, NAFLD is 
closely linked to insulin resistance, obesity, and MS. On 
the other hand, individuals with NAFLD are at an 
increased risk of developing type 2 diabetes, obesity and 
MS, which further complicate their liver disease and 
overall metabolic function.

(6) Kidney disease: Some studies have suggested an 
association between NAFLD and chronic kidney 
disease. The mechanisms underlying this link are not yet 
fully understood, but it highlights the potential impact of 
NAFLD on other organs beyond the liver.

It is important to note that not all patients with NAFLD 
develop these complications, and the progression and 
severity of the disease can vary from person to person. 
Early detection, lifestyle modifications (such as weight 
loss and exercise), and management of underlying risk 
factors are crucial in preventing or slowing down the 
progression of NAFLD and reducing the risk of 
complications.

TREATMENT

It is beyond the scope of this review to discuss various 
treatment strategies for NAFLD in detail. Only the main 
principles of its management are described briefly. As is 
well known, there is currently no specific treatment for 
NAFLD. The management is primarily directed toward 
the rectification of underlying risk factors and metabolic 
derangements. The treatment of NAFLD depends on 
the severity and stage of the disease, as well as on any 
underlying medical conditions.[138–157]

For patients with mild to moderate NAFLD, lifestyle 
changes such as weight loss, a healthy diet, and regular 
exercise may be recommended. These changes can 
improve liver health, reduce inflammation and fat 
accumulation in the liver, and prevent the progression of 
the disease. For patients with more severe NAFLD, 
medications may be prescribed to manage the underlying 
conditions that are contributing to the disease. For 
example, medications may be prescribed to lower 
cholesterol levels, control diabetes, or reduce inflam-
mation. In some cases, more advanced treatments may 
be necessary. For patients with advanced fibrosis or 
cirrhosis, a liver transplant may be the only option.[138–157]

It is important to note that the most effective treatment 
for NAFLD is prevention. Maintaining a healthy weight, 
following a healthy diet, and exercising regularly can all 
help prevent the development and progression of 
NAFLD.
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PROGNOSIS

NAFLD can have a varied prognosis depending on the 
severity and progression of the disease. In some cases, 
NAFLD can remain stable or even resolve with lifestyle 
modifications such as weight loss, dietary changes, and 
exercise. However, in other cases, NAFLD can progress 
to more severe forms of liver disease such as NASH, 
liver fibrosis, cirrhosis, and HCC.[1,5,76–79]

The prognosis of NAFLD largely depends on the stage 
of the disease at which it is diagnosed and the presence 
of comorbid conditions such as obesity, diabetes, and 
hypertension. Patients with NAFLD who develop 
NASH have an increased risk of liver-related morbidity 
and mortality.[14,38,77]

It is important to note that early detection and 
intervention can help improve the prognosis of 
NAFLD. Treatment options may include lifestyle 
modifications, such as diet and exercise, medications to 
improve insulin resistance, and in some cases, bariatric 
surgery. Close monitoring and follow-up with a 
healthcare provider can also help manage the disease and 
prevent complications.

CONCLUSION

In conclusion, the prevalence of NAFLD is increasing at 
an alarming rate not only in industrialized nations but 
also in developing countries. It has attained the status of 
a big public health problem worldwide. There is a need 
to halt this process at the beginning with a multipronged 
strategy. Increasing awareness and early diagnosis are 
powerful approaches by which the prevalent disease 
burden and associated complications can be curtailed.
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