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Abstract

Metabolic dysfunction-associated fatty liver disease
(MAFLD) is a novel term to describe new diagnostic
criteria for diagnosing fatty liver disease free of alcohol
intake and associated viral hepatitis infection. These new
diagnostic criteria, make it easier to diagnose than non-
alcoholic fatty liver disease (NAFLD). Although we may
not have a lot of studies about MAFLD vyet, we have
plenty of evidence about IR, metabolic syndrome and
dysfunction, and NAFLD. In this review, we try to
spotlight some important and updated knowledge about
MAFLD and its related conditions, to help us better
understand and deal with this global problem.

Introduction

Metabolic dysfunction-associated fatty liver disease
(MAFLD) is a new term and definition introduced in 2020
by expert consensus, describing primary fatty liver disease
related to insulin resistance and associated metabolic
dysfunction. The term MAFLD is superior in reflecting the
pathogenesis of the majority of cases of what was called
non-alcoholic fatty liver disease (NAFLD), and it is easier
to diagnosis . MAFLD has a better role in detecting
steatosis-related fibrosis 2, and the ability to be applied in
cases where multiple etiologies of steatosis are present * 4,
Additionally, MAFLD raises the awareness about the
cause of this serious global medical issue and it is better
accepted by general population and patients. MAFLD also
focuses on the main cause of primary steatosis, making its
management plan more obvious °.

Definitions.

Steatosis.

Steatosis or fatty liver is defined as fat or lipid
accumulation inside the hepatocytes in at least 5% of
hepatocytes & 7. The causes have been identified for
steatosis, these causes can be classified into primary and
secondary ones 8.

Primary steatosis or NAFLD.

Primary steatosis refers to steatosis not related to
significant alcohol consumption, with the absence of
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identified causes of the name secondary steatosis 7.
Significant alcohol consumption is defined as alcohol
intake which is greater than 30 grams of alcohol daily in
men and 20 grams in women %10,

Secondary steatosis and AFLD.

Secondary steatosis includes alcoholic fatty liver disease
(AFLD) which is fatty liver disease caused by significant
alcohol intake. Many other conditions have been identified
as causes for secondary accumulation of fat in hepatocytes,
for example; starvation, hepatitis C virus (HCV) especially
genotype 3, steatogenic drugs (glucocorticoids, valproate,
amiodarone, tamoxifen, methotrexate, anti-retroviral
agents for HIV), parenteral nutrition, acute fatty liver of
pregnancy, HELLP (hemolytic anemia, elevated liver
enzymes and low platelet count) syndrome, Reye’s
syndrome, lipodystrophies, a-beta-lipoproteinemia,
Wilson’s disease and inborn errors of metabolism &%
(Figure 1).
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Figure 1: Causes of fatty liver; AFLD, alcoholic fatty liver disease;
HELLP, hemolytic anemia, elevated liver enzymes and low platelet
count; HCV, hepatitis C virus; MAFLD: metabolic dysfunction-
associated fatty liver disease; NAFLD: non-alcoholic fatty liver disease®®.
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MAFLD. Extensive research has showed that insulin
resistance (IR) and its related metabolic dysfunction are
the main pathogenesis in most cases of primary steatosis or
NAFLD, so metabolic dysfunction-associated fatty liver
disease (MAFLD) has been introduced as a new term to
describe this condition 1.

MAFLD versus NAFLD.

MAFLD and NAFLD are not exactly the same, as some
cases of NAFLD have not been linked to IR, raising the
possibility that they may have another undiscovered cause
of steatosis, or they have not been evaluated properly for
secondary causes of steatosis. In addition, some cases of
MAFLD have another etiology for steatosis like significant
alcohol consumption or any other secondary cause of
steatosis, but for NAFLD to be diagnosed these causes
must be excluded 4, (Figure 2).
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Figure 2. Diagrammatic presentation of the relationship
between different types of steatoses (2ry: secondary, IR:
insulin  resistance, MAFLD: Metabolic dysfunction-
associated fatty liver disease, NAFLD: non-alcoholic fatty
liver disease ® 4.

NAFL and MAFL.

In histopathological evaluation, cases of NAFLD may
have no significant evidence of hepatitis related to the fat
accumulation process, i.e., steatohepatitis, this condition is
called non-alcoholic fatty liver NAFL % 7. In the era of
MAFLD, MAFLD cases without evidence of significant
steatohepatitis may be named metabolic dysfunction-
associated fatty liver MAFL.

NASH and MASH.

NAFLD cases have a significant steatohepatitis at
histological level are named non-alcoholic steatohepatitis
(NASH) cases * 7 while MAFLD cases with significant
steatohepatitis in histopathology named metabolic
dysfunction-associated steatohepatitis (MASH) cases.
Cryptogenic cirrhosis and NASH-cirrhosis.

several causes of cirrhosis have been identified,
however; a portion of cirrhosis cases with unknown
etiology have been always present, these cases were
assumed the name ‘cryptogenic cirrhosis’, which is
defined as cirrhosis without known etiology. NASH has

Medical Journal of
Viral Hepatitis (MJVH)

been identified as a chief cause of cryptogenic cirrhosis,
leading to the presentation of a new term ‘NASH-
cirrhosis’. However, NASH-cirrhosis does not describe all
cases of cryptogenic cirrhosis, so new causes of cirrhosis
must be examined %13,

NASH-cirrhosis and MASH-cirrhosis.

As stated above, NASH-cirrhosis is the chief part of
cryptogenic cirrhosis, so; MASH-cirrhosis is also a great
contributor of both NASH-cirrhosis and cryptogenic
cirrhosis (figure 3). MASH-cirrhosis, as any other
cirrhosis, has two stages; compensation and
decompensation 4.
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Figure 3. Diagrammatic presentation of the relationship
between cryptogenic cirrhosis, NASH-cirrhosis and
MAGSH cirrhosis 3 3,

Spectrum of MAFLD.

As noticed before, MAFLD, like NAFLD, includes a
spectrum of different diseases and conditions, ranging in
severity 7 (Figure 4).

ODe-

OMASH- Compensation

® Cirrhosis
MASH

()
MAFL

Figure 4. Spectrum of MAFLD is the same as NAFLD
(MAFL: metabolic dysfunction-associated fatty liver
disease, MASH: metabolic dysfunction steatohepatitis) * .

Prevalence.

Now, no sufficient data is existing about the exact
extension of MAFLD around the globe, though NAFLD
epidemiology has been studied well, giving an important
idea about the widespread of both NAFLD and MAFLD.
NAFLD is the most common cause of chronic liver disease
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worldwide, affecting about 25% of all adults around the
globe 5. Studies demonstrated that, the prevalence of
NAFLD in the United States, is up to 46% of the adults ¢,
32% in the middle east, 7 and in Egypt, about 33% of the
adult population 8,

Risk factors.

MAFLD is found exclusively in patients with IR-
associated metabolic dysfunction, so it is found mostly in
obese patients, diabetic patients, dyslipidemia patients, and
patients with metabolic syndrome 1719,

Pathogenesis

Insulin resistance.

Numerous strong evidences suggesting that, the main
pathogenesis in most NAFLD cases is the insulin
resistance (IR) 222, MAFLD, on the other hand, is based
by definition on the presence of insulin resistance-related
metabolic dysfunction 1. IR means subnormal response by
the tissues to insulin levels 2 2% due to primary or
secondary causes. Primary causes of IR include inherited
disorders like mutations of the insulin receptors 2.
however, secondary causes of IR include obesity,
inactivity with sedentary life style, pregnhancy (due to
placental lactogen),  auto-immunity  (anti-insulin
antibodies, and anti-insulin receptors antibodies in type 2
syndrome of IR), medications (as steroids, combined oral
contraceptives and antiretrovirals for HIV),%. IR has many
sequences and complications, like; prediabetes, diabetes
mellitus (DM), dyslipidemia, metabolic syndrome,
hypertension (HTN), cardiovascular diseases (CVS),
metabolic dysfunction-associated fatty liver diseases
(MAFLD), polycystic ovary syndrome, acanthosis
nigricans, skin tags, alopecia, and obesity-related cancers
23,24 IR leads to MAFLD by increasing lipolysis, synthesis
of triglyceride, uptake of free fatty acids (FFA) by the
liver, and accumulation of triglyceride in the liver, which
results in steatosis, and may lead to steatohepatitis and
related fibrosis and cirrhosis 372627 Several lipid-derived
hormones have an significant role in pathogenesis of
MAFLD including; adiponectin, leptin, and incretins as
aprotective hormones from MAFLD. On the other hand,
resistin plays an important role in insulin resistance,
however, further researches are required to understand
well these mechanisms 2728,

Metabolic Syndrome/Insulin-Resistance.

Metabolic syndrome is a group of diseases linked to
IR, including; prediabetes, DM type2, HTN, obesity, and
dyslipidemia. In most cases, NAFLD can be considered as
a part of the metabolic syndrome 2!, while MAFLD is
linked to metabolic syndrome by name, definition and
diagnostic criteria !. Metabolic syndrome has many
definitions, for example; according to the American
association of clinical endocrinologists (AACE) in 2003,
its diagnosis requires presence of high risk of IR (presence
of one or more complications of IR, sedentary lifestyle,
history of gestational DM, non-white race, or family
history of DM type 2, HTN or CVD) or presence of
overweight or obesity (body mass index >25 kg/m?, or
waist circumference > 102 cm in men and 88 cm in
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women), plus two or more conditions from the following;
impaired glycemic status (fasting blood glucose > 110
mg/dl, or 2 hours postprandial blood glucose > 140 mg/dl),
HTN (arterial blood pressure > 130/85 mmHg), low level
of high-density lipoprotein (HDL) cholesterol (<40 mg/dI
in men and <50 mg/dl in women) or hypertriglyceridemia
(=150 mg/dl) %, (figure 5).

HTN!(BP=130/85 mmHag)}

lDyinpidemia: HDL<40-50 mg/dL|

Dyslipidemia: TG > 150 mg/d|

Figure 5. Diagnosis of metabolic syndrome according to
AACE, 2003 AACE: American association of clinical
endocrinologists, BP: blood pressure, DM: diabetes
mellitus, HDL: high density lipoprotein, HTN:
hypertension, TGs: triglycerides) [29]

Many components of metabolic syndrome have been
studied independently with NAFLD, these components are
considered risk factors for MAFLD [17], and MAFLD is a
risk factor for them [30].

Diagnosis of MAFLD.

Diagnostic criteria.

For diagnosis of NAFLD, it is required to diagnose
steatosis and exclude all causes of secondary steatosis,
which is difficult. MAFLD diagnosis is much easier, it is
enough to detect steatosis and metabolic dysfunction
related to insulin resistance, for example; obesity, type 2
DM, or two of the following; prediabetes, increased WC,
HTN, hyper-triglyceridemia, decreased HDL, increased
homeostasis model assessment of insulin resistance
(HOMA) score, and elevated level of C-reactive protein
(CRP) ! (figure 6).

1. Diagnosis of steatosis.

There is no specific clinical presentation or single
laboratory test can diagnose steatosis. Some patients may
have hepatomegaly with normal liver function tests or
slightly elevated alanine transaminase (ALT) and aspartate
transaminase may (AST) 3% 11, On the other side, many
markers and scores have been developed to detect fibrosis
related to steatohepatitis 2.
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Figure 6. Diagnostic criteria of MAFLD (BMI: body
mass index, HDL.: high density lipoprotein) 1.

Radiological, ultrasound (US) is the most used
modality and can diagnose grades steatosis by detection of
increased echogenicity of the liver versus the kidneys and
the spleen. If the diaphragm and portal vein wall can be
detected easily, it is mild steatosis (score 1). Moderate
steatosis (score 2) is diagnosed when there is slight
impairment in detection of the diaphragm and portal vein
wall, and severe steatosis (score 3) is diagnosed when both
of them cannot be visualized or difficultly visualized
(figure 7). Computed tomography (CT) scan can identify
steatosis by detection of decreased hepatic attenuation 3.
Magnetic resonance imaging (MRI) identify steatosis by
detection of increased fat signal .

Liver biopsy is still the gold standard for diagnosis of
steatosis, but it is rarely indicated, and can only be
obtained if the diagnosis is unclear, or there is another
indication for biopsy .

Bright liver echo-pattern compared to kidneys
(steatosis)

Mild Moderate Severe
(score 1) (score 2) (score 3)

Figure 7. Diagnosis and grading of steatosis by ultrasound
B mode [33]

2. Diagnosis of metabolic dysfunction.
Metabolic dysfunction associated with MAFLD can
be detected by.
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Clinical evaluation. including body mass index (BMI) >
25 in Caucasians and 23 in Asians , waist circumference
(WC) > 102/88 in Caucasian men and women, or > 90/80
in Asian men and women., HTN defined as chronic
elevation of blood pressure (BP) > 130/85, or being on
specific BP lowering treatment 36,

Laboratory criteria. including diagnosis of DM type 2 by
hemoglobin Alc (HbAlc) > 6.5, fasting blood glucose
(FBG) level > 126 mg/dl, 2-hour post-prandial blood
glucose (PPBG) level > 200 mg/dl, or random blood
glucose (RBG) > 200 mg/dl in patients with classic
symptoms of hyperglycemia or hyperglycemic crisis - %,
triglyceride (TGs) level in plasma > 150 mg/dl or patient is
on lipid lowering agent, HDL-cholesterol < 40 mg/dl in
men and 50 mg/dl in women or patient is on a lipid
lowering agent, high-sensitivity C-reactive protein level
(CRP) > 2mg/l, homeostasis model assessment of insulin
resistance (HOMA-IR) score > 2.5, prediabetes defined as
FBG level ranging from 100 to 125 mg/dl, PPBG level
ranging from 140 to 199 mg/dl, or hemoglobin Alc
(HbAZ1c) ranging from 5.7 to 6.4% *: %,

Complications. IR has many serious complications like
DM, HTN, CVD, and their complications like; neuropathy,
nephropathy, retinopathy, diabetic foot, neurovascular
events, coronary events, and other serious events. MAFLD
increases the risk of HTN, DM and, as a result, may
aggravate these complications " 3, Mortality in MAFLD
is linked mainly to these complications . MAFLD also
leads to MASH, then MASH-related fibrosis, ending in
cirrhosis, decompensation, and complications of cirrhosis
including hepatocellular carcinoma (HCC) 3% 40,

Conclusion

Metabolic dysfunction-associated fatty liver disease
(MAFLD) is a novel term which is more accurately
reflects the pathogenesis of fatty liver disease related to
insulin resistance and associated metabolic dysfunction
and can help in patients stratification for management than
term non-alcoholic fatty liver disease (NAFLD).
Compared to NAFLD, MAFLD was suggested as a more
appropriate central term.
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