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Summary
This patient guideline is intended for all patients at risk of or living with non-alcoholic fatty liver
disease (NAFLD). NAFLD is the most frequent chronic liver disease worldwide and comes with a high
disease burden. Yet, there is a lot of unawareness. Furthermore, many aspects of the disease are still
to be unravelled, which has an important impact on the information that is given (or not) to patients. Its management requires a close interaction between patients and their many healthcare
providers. It is important for patients to develop a full understanding of NAFLD in order to enable
them to take an active role in their disease management. This guide summarises the current
knowledge relevant to NAFLD and its management. It has been developed by patients, patient
representatives, clinicians and scientists and is based on current scientiﬁc recommendations,
intended to support patients in making informed decisions.
© 2021 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the
Liver (EASL). This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

The purpose of this patient guideline

1. Introduction

This guideline is intended for all patients at risk of
or living with non-alcoholic fatty liver disease
(NAFLD). NAFLD is a serious condition. It is
important that you develop a full understanding of
it. This has several advantages: ﬁrst, it enables you
to take an active role in your own healthcare.
Second, you develop a better understanding of
what the doctor is discussing with you. Third, you
can monitor your condition and assess the success
of various measures yourself. This guide will help
you do that. It has been developed by patients,
patient representatives, clinicians and scientists
and is based on current scientiﬁc recommendations. It cannot and should not replace the individual consultation with your medical team but
should support you in making informed decisions.

a. What kind of organ is the liver? Where is it
located? What is its function?
The liver is a large organ on the right-hand side of
the body, located in the upper right quadrant of
your abdomen. The normal weight of an adult liver
is about 1,200–1,500 g. The liver is mostly covered
and protected by the lower part of your ribcage
(Fig. 1). About 20% of your blood volume per minute passes through the liver via the portal vein
(75%) and hepatic artery (25%).
What does your liver do? The liver, as the
chemical factory of your body, performs an
extraordinarily complex set of functions to keep
the body in a healthy condition. It receives blood
from the gut via the portal vein, which carries most
of the nutrients absorbed after a meal. Thus, the
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liver plays an important role as the ﬁrst point where nutrients
are ﬁltered and further processed. For example, the liver has a
key role in handling sugars, proteins and fats. After transformation, the liver releases the building blocks for energy and
growth (i.e. substrates like sugar, fat and proteins) when required
by organs. When you have just eaten and you have energy
substrates that are not immediately needed as fuel, the liver will
process these extra sources of energy. They can then be stored in
the liver and elsewhere in your body, for example in the fat
tissue, until your body needs them.
This also means that the liver plays an important role in the
regulation of blood sugar (glucose) and lipid levels. Lipids refer to
total and several subtypes of cholesterol, but also to triglycerides,
which are another type of fat molecule that circulates in the blood.
The term blood lipids also encompasses lipoproteins, which are
larger composite structures of fat molecules and proteins.
The liver also produces many key proteins that your body needs
to function normally like albumin, a protein that acts as a carrier
for many molecules that need to be transported in the blood, and
proteins needed for blood clotting. Your body continuously renews most of its structures, resulting in a lot of breakdown products. Along with the kidneys, the liver helps the body to get rid of
these waste products.
Furthermore, the liver produces bile, a ﬂuid that is stored in the
gallbladder. During a meal, the gallbladder will contract, and this will
cause the bile to drain into the gut (Fig. 1); there the bile salts will
help to break down and absorb the fat molecules in your food. Part of
the bile remains in the gut and is excreted in stool. This journey of the
bile allows your body to get rid of several toxic substances (including
alcohol) and excess cholesterol via the liver. Bile ﬂuid contains the
breakdown product of blood, bilirubin (which has a yellow colour),
and also waste products from drug and alcohol metabolism. It is a
way to get rid of too much cholesterol. Bile salts play a role in the
metabolism of glucose and are therefore important for health. The
liver also plays a role in the breakdown of many medications and
other chemicals. Finally, the liver helps ﬁght infections by ﬁltering
harmful organisms as they circulate in the blood, especially those
entering the body via the gut.
The liver thus plays a central role in total body function.
Consequently, its microscopic structure is complicated. Your liver
carries out these important activities in silence: there are not
many pain sensors in the liver and therefore liver diseases are
often not painful, which can be a reason why a chronic liver
disease remains undiagnosed for a long period of time. However,
some livers can be more sensitive to pain, and some patients do
experience a vague uncomfortable feeling or even pain from a
chronic liver problem. This is due to the pressure on the capsule
of the liver that has pain sensing nerves.
b. What is non-alcoholic fatty liver disease or NAFLD? What is
the difference between NAFLD and non-alcoholic
steatohepatitis (NASH)?
Steatosis means accumulation of fat in the cells. When this
accumulation occurs in liver cells, it is called liver steatosis or
fatty liver. There are different types of fat storage in cells. The type
of storage that is relevant to NAFLD is fat (mainly triglycerides)
that is stored in droplets. The size of these droplets can vary, but
they are mostly large. Consequently, they ﬁll up the whole inner
part of the cell, pushing other parts of the cell to the cell border.
This type of steatosis is called macrovesicular steatosis.1
NAFLD is a fatty liver disease and the acronym stands for nonalcoholic fatty liver disease.1 It is a condition in which too much

fat is stored in the liver cells. As explained in Section 1.a, your
liver is a key organ involved in energy regulation. What your
liver is not supposed to do, however, is to store excess energy in
the form of fat. The liver stores only a small amount of energy,
namely some carbohydrate in the form of glycogen, but not fat.
In some animals there is a small amount of fat in the liver in the
fasting state, but that is not the case in humans.2 Storing excess
energy as fat is the role of your body’s fat tissue (adipose tissue).3
A healthy human liver hence contains few or no fat droplets. If
there are fat droplets in more than 5% of the liver cells, this is
considered as abnormal or pathological. In people with NAFLD,
more than 5% of liver cells contain these fat droplets.
The accumulation of fat in the liver in the context of the
disease called NAFLD is in most cases due to a combination of
eating more calories than the body needs and leading a more
sedentary (inactive) lifestyle. Therefore, it occurs most
commonly, but not always, in association with being overweight/
having obesity.4,5 Another group of people at risk are people
living with diabetes, more often type 2 diabetes (T2D), or earlier
stages of altered glucose handling in the body.6 Abnormal levels
of blood lipids or high blood pressure (arterial hypertension) are
also associated with an increased risk of having NAFLD.7
Abnormal levels of blood lipids can mean too many triglycerides. It can also mean unhealthy levels of cholesterol.
Cholesterol is not transported as such in the blood, but is carried
around in lipoproteins, those composite structures of lipid and

Liver
right lobe

Liver
left lobe

Fig. 1. The liver is a large organ on the right-hand side of the body, located
primarily in the upper right quadrant of the abdomen. The liver is mostly
covered and protected by the lower part of your ribcage.
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proteins that were previously mentioned. Several types of lipoproteins circulate in the blood and they all have their speciﬁc
function. The most prominent ones for the transport of cholesterol are high-density lipoproteins (HDL) and low-density lipoproteins (LDL). Your body needs both, in the right concentration,
and also in the right balance. Lower HDL concentrations and/or
higher LDL concentrations are harmful, in particular for your
blood vessels.
All these conditions are called metabolic factors and a combination of them is referred to as the metabolic syndrome.
Several deﬁnitions of the metabolic syndrome have been
developed over time and are summarised in Table 1.8–11 The
metabolic syndrome is associated with an increased risk of
developing numerous other health problems and diseases.
It is important to highlight that steatosis is not always a result
of metabolic factors. It can also be caused by alcohol.12 Furthermore, it can be caused by some drugs such as methotrexate (a
drug used to treat rheumatoid arthritis). Steatosis can also be
seen in some other liver diseases, such as Wilson’s disease (a
very rare disease in which the body stores excess copper) and
some variants of hepatitis C (a chronic inﬂammation of the liver
caused by the hepatitis C virus).13,14
The term non-alcoholic fatty liver disease was coined in 1980,
but observations of people with too much fat in their liver cells and
no other cause of steatosis (e.g. alcohol consumption) were already
being made in the 19th century.15 At the time, doctors did not
understand the metabolic causes of the steatosis, so they named
the disease according to what it was not. As alcohol was by far the
most common and best-known cause of steatosis at the time, this
disease was called non-alcoholic. In contrast to most diseases for
which the name refers to the cause, this disease was hence named
to indicate what it was not. Therefore, the name of this disease is
not without problems (see Section 1d) and is under discussion.16,17
In many cases, the extra fat in the liver cells does not seem to
be harmful or affect how well the liver works. This is called
simple or isolated fatty liver, or non-alcoholic fatty liver (NAFL,
without the “D” for disease). When the liver cells containing the
fat droplets become inﬂamed and damaged, it is called

steatohepatitis, so non-alcoholic steatohepatitis or NASH
(Fig. 2).13,14 The term hepatitis refers to inﬂammation of the liver,
whatever the cause. As outlined later, NASH is the subtype of
NAFLD that carries more long-term risks (Section 2).
When your liver is damaged, it tries to repair itself by creating
new, healthy tissue. If the damaging process continues, the liver’s
ability to create enough healthy tissue and clean-up the damage
may be exhausted. As a consequence, scar tissue will develop
and can accumulate. This scarring is called ﬁbrosis. Some (but
not all) patients with NASH will develop ﬁbrosis over time called
progressive ﬁbrosis. Both the amount of scar tissue and the
distribution pattern (exactly where in the liver the ﬁbrosis is
located at the microscopic level) are important.1,18 Together, the
amount and pattern indicate how severe the damage is. This is
most commonly expressed by a scale of ﬁve stages (from 0 to 4),
based on what is seen on a liver biopsy (see Section 5.c). This
scale was developed by the NASH Clinical Research Network
(NASH CRN) in the United States and was later incorporated into
the Steatosis-Activity-Fibrosis (SAF) system.18–20 As both the
amount and the distribution pattern of the scar tissue determine
the stages, this is not a linear scale: stage 2 does not mean that
there is twice as much scar tissue as in stage 1. Stage 4 is called
cirrhosis. Cirrhosis means that your liver tissue is becoming very
scarred, with a surface that is no longer ﬂat but instead bumpy
and “nodular”. Although some scarring can still be reversible at
this stage, the changes become more and more irreversible. The
liver can sometimes function quite normally even with stage 4
ﬁbrosis/cirrhosis. This is called compensated cirrhosis. Once the
liver is not able to function properly, or other liver-related
problems arise (e.g. liquid accumulation in the abdomen (ascites), yellowing of the skin and whites of eyes (jaundice)), it is
called decompensated cirrhosis (Fig. 2).21
It should be noted that sometimes the liver does not function
properly even when there is no cirrhosis, and any type of
reduced liver function can have a major impact on your health
and wellbeing. If the disease gets worse or better, you can change
from one stage to another.22 Frequently used terms are also
signiﬁcant ﬁbrosis, which means a ﬁbrosis stage of at least 2 on a

Table 1. Deﬁnitions and criteria of the metabolic syndrome.
Criteria

WHO (1999)8

NCEP (2001)9

IDF (2005)10

Joint societies (2009)11

Required for
diagnosis

Impaired glucose tolerance or
diabetes
and/or
insulin
resistance
Two other factors

None

Central obesity as deﬁned
below

None

>
−3 of the below

>
−2 of the below

>
−3 of the below

Waist–hip ratio of >0.9 in
men, >0.85 in women or BMI
>30 kg/m2
−

Waist circumference >
−102 cm
in men, >
−88 cm in women

Waist circumference –
population-speciﬁc
deﬁnitions

Triglycerides

>
−150 mg/dl (1.7 mmol/L)

>
−150 mg/dl (1.7 mmol/L)

HDL-cholesterol

Hypertension

<40 mg/dl (1 mmol/L) in men,
<50 mg/dl (1.3 mmol/L) in
women
>140/90 mmHg
−

Glucose

n.a.

<40 mg/dl (1 mmol/L) in men,
<50 mg/dl (1.3 mmol/L) in
women
>135/85 mmHg or treated
−
hypertension
110 mg/dl (6.1 mmol/L)

Microalbuminuria

Albumin–creatinine ratio
>30 mg/g; albumin excretion
rate >20 lg/min

Waist circumference >
−94 cm
European men; >
−90 cm South
>80 cm
Asian or Chinese men; −
women
>
−150 mg/dl (1.7 mmol/L) or
treatment for high
triglycerides
<40 mg/dl (1 mmol/L) in men,
<50 mg/dl (1.3 mmol/L) in
women
>
−135/85 mmHg or treated
hypertension
>
−100 mg/dl (5.6 mmol/L) or
diagnosed with type 2 diabetes mellitus
n.a.

Number of
features
Central obesity

n.a.

>
−150 mg/dl (1.7 mmol/L) or
treatment for high
triglycerides
<40 mg/dl (1 mmol/L) in men,
<50 mg/dl (1.3 mmol/L) in
women
>135/85 mmHg or treated
−
hypertension
>
−100 mg/dl (5.6 mmol/L), or
drug treatment for diabetes
n.a.

IDF, International Diabetes Federation; n.a., not applicable; NCEP, National Cholesterol Education Program; WHO, World Health Organization; BMI, body mass index; HDL,
high-density lipoprotein.
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Box 1. The terminology of non-alcoholic fatty liver disease.

NAFLD
NAFL

NASH

Steatosis refers to the accumulation of fat (“lipids”) within the cells of the
body. In the case of NAFLD and other types of fatty liver disease, fats
accumulate in the liver cells or “hepatocytes”.
NAFLD stands for non-alcoholic fatty liver disease , which refers to
fatty liver disease that is not caused by alcohol consumption, the use of
drugs that can induce steatosis, or the presence of other diseases that are
well known to increase liver fat.

Cirrhosis
Decompensated cirrhosis

HCC

Fig. 2. The different subtypes of NAFLD and their relationships with the
severe consequences of the disease. NAFLD is the overarching term. If there is
mainly only steatosis, we call it simple steatosis or isolated steatosis (NAFL). If
there is also liver cell damage and inﬂammation, we call it steatohepatitis
(NASH). The separation is not static, so you can have NAFL and evolve to NASH,
and also the other way around. The active disease can evolve to more severe
liver injury and ultimately cirrhosis. Cirrhosis means advanced scarring of the
liver, but even in these conditions, the liver can continue to function
(compensated cirrhosis). Some people with cirrhosis will, however, evolve to
poor liver function, which is called decompensated cirrhosis. NAFLD is also
associated with the risk of developing liver cancer (HCC). As you can see from
the ﬁgure, cirrhosis and decompensated cirrhosis mostly occur in association
with NASH, whereas patients with NAFL have a lower (but not zero) risk. For
HCC, the risk is the highest if you have cirrhosis, but there is still a risk in
patients without cirrhosis and even without NASH. The magnitude of the boxes
does not give any indication of the magnitude of the risk (please refer to the
text for risk estimates). HCC, hepatocellular carcinoma; NAFL, non-alcoholic
fatty liver; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic
steatohepatitis.

liver biopsy, and advanced ﬁbrosis, which means a ﬁbrosis stage
of at least 3.1,18,19 Besides the most widely used staging based on
the scale from 0 to 4 (referred to as F0 to F4), other classiﬁcation
systems with other scales exist, which can lead to confusion. If
you have a diagnosis of ﬁbrosis with a given “F” stage, your
doctor should explain exactly what this means for you.
The terminology might appear confusing because of the
different abbreviations used. To summarise, NAFLD is the overarching term, incorporating both NAFL and NASH, with a risk of
increasing ﬁbrosis and ultimately cirrhosis (Box 1). You can have
NAFL at one time, then develop NASH but later go back to NAFL,
depending on how the disease evolves and how well the risk
factors are managed. Thus, NAFLD is dynamic and its activity (i.e.
the extent of damage to liver cells and inﬂammation) can ﬂuctuate over time (Fig. 2).22
c. What is the cause of NAFLD/NASH? How do you get it?
As mentioned earlier (Section 1.b), NAFLD can have many causes,
so before a diagnosis can be made, other causes of steatosis
should be evaluated. The most frequent of these alternative
causes is related to the consumption of alcohol (the terms ALD,
for alcohol-related liver disease, and ASH, alcoholic steatohepatitis, are used). NAFLD, by deﬁnition, is NOT linked to alcohol
excess. This implies that you should not be diagnosed with

NAFL or non-alcoholic fatty liver is the subtype of NAFLD in which
there is only liver fat accumulation, without liver cell damage or inflammation.
NASH or non-alcoholic steatohepatitis is the subtype of NAFLD in
which the accumulation of fat in the liver cells is accompanied by liver cell
damage and by inflammation.
Fibrosis is the scar tissue that can develop when the liver is damaged and
inflamed. If there is significant and/or long-lasting damage and inflammation, more and more scar tissue can accumulate and ultimately lead to a
nodular transformation of the liver structure. The latter condition is called
cirrhosis.

NAFLD if you drink more than the upper limits that have been set
or have had a history of past excess alcohol intake. The drinking
limits are most often deﬁned by a weekly consumption of less
than 14 units for women and 21 for men (1 unit equals 8 g of
alcohol, the meaning of alcohol expressed in units is explained in
Box 2). These limits correspond to the amount of alcohol that is
known to cause steatosis by itself.23 You should also not binge
drink (binge drinking is deﬁned as >
−4 drinks/day for women and
23
>
−5 drinks/day for men). These limits do not mean that alcohol
consumption below these limits is harmless. It is indeed highly
questionable whether alcohol consumption at any level can be
considered safe. It just means that a consumption of alcohol
below these limits is probably not causing steatosis. It might,
however, still carry a risk for other health problems, in particular
cancer.12,24
While both NAFLD and ALD cause inﬂammation, ﬁbrosis, and
cirrhosis, they are different diseases with different causes and
different treatment options.12,13 It is important to note that you
can have both at the same time.
Indeed, although other diseases that can cause fatty liver need
to be ruled out when diagnosing NAFLD, you should be mindful
that it is possible to live with more than one factor causing the
liver damage. Examples of these other conditions that induce
fatty liver are drug-associated steatohepatitis (DASH),
chemotherapy-associated steatohepatitis (CASH) and toxicityassociated steatohepatitis (TASH or toxicant-associated
steatohepatitis).
Over time, the medical community’s understanding of NAFLD
has gradually increased. Nowadays, it is well known that metabolic factors play the most prominent role in explaining why
many people develop fatty livers. There is a strong link between
NAFLD and obesity.4,5 There is also a strong link with the way the
body responds to insulin (T2D and pre-diabetes).3 Unhealthy
levels of blood lipids and high blood pressure (hypertension) are
also risk factors. As mentioned, all these elements are components of the metabolic syndrome (Box 3 & Table 1).11 These are
general observations that do not always explain the full picture
in a given individual. It is not always clear why fat builds up in
the liver in some people. Genetic background may play a part,
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Box 2. Alcohol consumption.

There is discussion about whether a safe limit for alcohol consumption
exists if you have a pre-existing liver disease. If you have any liver
damage, it is advisable to avoid alcohol as it can worsen your liver disease.
Two factors that damage the liver could reinforce each other’s
damaging effect, making the liver disease progress more rapidly
towards more severe stages.
You should not forget that alcohol also represents calories, so it is useful
to stop drinking alcohol if you are trying to lose weight!
1 unit of alcohol equals 8 g of alcohol. Here are some examples of
common alcoholic drinks with their alcohol content and the number of
calories they contain (data from drinkaware.co.uk):
• 1 pint (568 ml) of 4% beer/lager = 18.4 g or 2.3 units = 182 calories
• 330 ml bottle of 5% beer = 13.6 g or 1.7 units = 142 calories
• 1 pint (568 ml) of 4.5% cider = 20.8 g or 2.6 units = 216 calories
• Single/25 ml of 40% spirit = 8 g or 1.0 units = 61 calories
• 175 ml glass of 13% wine = 18.4 g or 2.3 units = 159 calories
• 125 ml glass of 12% champagne = 12 g or 1.5 units = 89 calories
• 330 ml bottle of 4% alcopop = 8.8 g or 1.1 units = 170 calories
You can check how many units of alcohol you drink per week (and how
many calories this adds up to) using the online calculator at (1 unit = 8 g of
alcohol):
https://www.drinkaware.co.uk/understand-your-drinking/unit-calculator

making some people more likely to be affected by NAFLD than
others.5,25–27
One of the key mechanisms has to do with the fact that
humans evolved over millions of years to live in conditions
where there was a lack of food. That is why we are so fond of
sugar, and why we have fat tissue to store extra calories. But in
our modern society, food is generally available. We also need less
of it because we are less physically active than our ancestors. This
combination causes the quantity of our fat tissue to increase.
However, there is a limit to the amount of fat that our fat tissue
can store. If our food intake exceeds the storing capacity of fat
tissue, the fat will build up elsewhere, including in the liver.
NAFLD is hence strongly linked with unhealthy lifestyles, mainly
from consuming excess calories, having an unhealthy diet and
from a lack of physical activity (Fig. 3). Genetic and other factors
will also determine how much fat an individual can store.28
These factors also have an inﬂuence on how vulnerable our
liver is when it must deal with excess fat and its consequences.
There are different types of fat tissue (Fig. 3). The fat that is
inside the abdominal cavity and in close contact with both the
gut and the liver is called intra-abdominal fat or visceral fat. The
fat just beneath the skin is called subcutaneous fat. Intraabdominal fat is more active, in terms of metabolic processes
that are going on inside the cells. The intra-abdominal fat tissue
is also active in the production of signals that help the body

Box 3. The metabolic syndrome.

The metabolic syndrome is not a disease as such; it is a cluster of
conditions that increase the risk of cardiovascular disease and diabetes.
There are different definitions of the metabolic syndrome, and some of the
criteria also differ according to ethnicity. It encompasses overweight or
obesity, especially the accumulation of abdominal fat (visceral fat) or fat
around the waist; high blood pressure (arterial hypertension); disturbances of glucose handling (diabetes or the preceding stages of diabetes) and
abnormal levels of blood lipids (of which two types are looked at:
cholesterol and triglycerides).

regulate its energy metabolism.3 It is thus not just a storage organ, but also an active regulator of your body’s energy handling.
This type of fat is, however, also more prone to being overwhelmed. When this happens and the fat cells become very
swollen, the fat tissue will become inﬂamed because of insufﬁcient blood and hence oxygen supply. This leads to damage and
dysfunction of this fat tissue. As a consequence, this inﬂamed fat
tissue will release harmful substances into the blood that can
then damage the liver.3,29 Subcutaneous fat is less reactive. It
stores your energy reserves, which is important to protect us
from the destructive consequences of calorie excess. However,
there is a limit to that storage capacity. This limit in storage capacity differs from one individual to another.
Although we now better understand the metabolic drivers of
the disease, many issues remain. For the same lifestyle habits
and risk factors, some people develop NAFLD, NASH and ultimately cirrhosis, while others do not.5 Additionally, some people
have no or only very mild risk factors, but nevertheless develop
advanced disease. The reasons behind these differences are
currently poorly understood. Genetic factors only explain a
fraction of the variation between individuals and much more
research is needed to understand these individual
differences.5,30,31
d. Why are we still calling it NAFLD/NASH? Are there
alternative names?
As the understanding about NAFLD has grown, some experts
argue that NAFLD/NASH are no longer appropriate names.
Metabolic-associated fatty liver disease (MAFLD) has been suggested by some experts as an alternative name, to reﬂect the fact
that a metabolic disorder is the key factor in the development of
the disease.16 However, there is not yet universal support for this
proposal.17 One of the reasons is that the disease also occurs and
progresses in some people who do not have metabolic
disorders.32
One of the problems with the term NAFLD, as explained in
Section 1.b, is that the name tells you what it is not, instead of
telling you what it is. Furthermore, strictly speaking, the diagnosis of NAFLD requires the other well-known causes of steatosis
to be excluded.13 But metabolic risk factors for NAFLD can be
present together with harmful alcohol consumption (or another
well-established cause of steatosis). In this case, the fatty liver
has two causes at the same time. It has also been demonstrated
that both these causes together can intensify disease progression
to more severe liver disease and liver cancer.33–36 In such mixed
cases, it can be difﬁcult to identify the leading cause, and it
seems fair to indicate both NAFLD and ALD. This helps avoid
focusing on and treating only one of the causes. It also avoids
stigmatising diagnoses that are incorrect or that only tell part of
the story, which would also create the risk of an incomplete and
ineffective treatment plan.
For these reasons, there is support for changing the name in
order to have a name that tells you what the disease stands for.
MAFLD is the leading alternative, with a consensus process
ongoing.
e. What is the difference between NASH and ASH?
NASH is, by deﬁnition, NOT linked to alcohol excess, whereas
ASH is linked to a current and/or past history of excess alcohol
consumption (see Section 1.c).13
Signiﬁcant alcohol consumption can lead to steatosis, steatohepatitis, and ﬁbrosis.12 Under the microscope, this looks very
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A

B
Swollen fat cells
with insufficient
oxygen supply

Types of fat or
adipose tissue

Inmune cells
accumulation

Inside the
muscle
Inflammation signals
Inside the liver

Subcutaneous

Intra-abdominal
or visceral

Lipid accumulation
and liver damage

Fig. 3. The body harbours different types of fat or adipose tissue. (A) The fat that is inside the abdominal cavity and in close contact with both the gut and the
liver is called intra-abdominal or visceral fat. The fat just beneath the skin is called subcutaneous fat. Intra-abdominal fat is more active, in terms of metabolic
processes that are going on inside the cells. The intra-abdominal fat tissue is also active in the production of signals that help the body regulate its energy
metabolism. It is thus not just a storage space, but also an active regulator of your body’s energy handling. (B) When this fat tissue is overwhelmed and the fat
cells become very swollen, the fat tissue will become inﬂamed because there is not enough blood supply to and hence not enough oxygen in these too swollen fat
cells. This leads to damage and dysfunction of this fat tissue. This inﬂamed fat tissue will release harmful substances into the blood that can then damage the liver.
Subcutaneous fat is less reactive. It stores your energy reserves, which is important to protect us from the destructive consequences of calorie excess. However,
there is a limit to that storage capacity too. When your excess calories exceed this storage capacity, the fat will need to go somewhere else.

much the same as what is seen in NAFLD. As outlined in Section
1.b and 1.c, NAFLD has been described as the presence of steatosis and steatohepatitis, much like ALD, but occurring in people
who do not drink excess alcohol.13 In most of these patients,
NAFLD is related to the presence of metabolic risk factors. Those
who have metabolic risk factors and drink alcohol can have both
NAFLD and ALD.36 Using a terminology like MAFLD would solve
the problem of “non-alcoholic” and the exclusionary nature of
the deﬁnition, but the concept remains the same: both diseases
can co-exist and lead to a fatty liver disease of mixed origin.
Which of the factors is the major cause, is not always clear.
Someone with metabolic risk factors and moderate alcohol
consumption should not be labelled with ALD. Instead, they
should be described as having potentially mixed cause fatty liver
disease – with one or other being the main driver of damage.

2. Why is NAFLD/NASH important?
a. What is the impact in terms of liver disease? What will
happen to me?
If NAFLD is detected and managed early enough, it is possible to
reduce the amount of fat in your liver, which may slow down or
even stop the damage, and eventually allow your liver to fully
recover.
NAFLD with only fat accumulation in the liver cells and no or
only minimal signs of liver cell damage or inﬂammation, called
simple or isolated fatty liver or NAFL (Fig. 2) (you will also
encounter the term ‘early NAFLD’), does not usually cause any
harm, but if it is not managed, can progress to NASH, which is a

more serious condition.37 Most people with NAFLD have isolated
fatty liver.38
NASH is more serious than isolated fatty liver because there is
inﬂammation in the liver, and it starts to become damaged
(Fig. 3). This is sometimes referred to as early NASH. This
inﬂammation can lead to ﬁbrosis, which means scar tissue is
forming inside the liver. This is often referred to as ﬁbrotic NASH.
Fibrosis can lead to cirrhosis, which means that large strands
of scar tissue alter the liver structure, with regenerating liver
tissue in between. This is called NASH-cirrhosis. Because of these
strands of ﬁbrosis and zones of liver cell regeneration, the liver
becomes very scarred and the surface becomes irregular and
bumpy or “nodular” (See Section 1.b). This irregular and bumpy
appearance of the liver is a hallmark of cirrhosis. In cirrhosis, the
main functions of the liver can initially be preserved (compensated cirrhosis, Fig. 2). The liver will, however, struggle more and
more to function properly as the disease progresses. Eventually,
liver function can be so poor that problems occur (decompensated cirrhosis) to the point where liver function becomes
insufﬁcient to support life (liver failure) (Fig. 2 & 3).
Liver cancer (hepatocellular carcinoma, HCC) is another potential consequence of NAFLD. This risk of developing HCC is well
known in patients with cirrhosis from other causes and is now
also well documented in NASH-cirrhosis.39,40 Importantly, HCC
has also been reported in patients with NASH who do not have
cirrhosis, and even in patients with NAFL.41,42 It is not clear how
big this risk is exactly, but in general, the more severe the disease
is, the higher the risk is. The highest risk is when you have
cirrhosis. The presence of comorbidities like obesity, or the
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Fig. 4. Non-alcoholic fatty liver disease can evolve from just a fatty liver to severe liver disease, over different stages of severity. Many factors determine if
you will develop more severe liver disease and how quick the evolution is. Luckily, many patients will not evolve to severe liver disease and many steps in the
evolution are reversible with adequate management. NAFL, non-alcoholic fatty liver; NASH, non-alcoholic steatohepatitis.

presence of other liver-damaging factors like alcohol, also
contribute to the risk of developing HCC.39,43
b. How quickly does NAFLD progress?
The damage caused by NAFLD can take many years to progress
and is most frequently described in ﬁve stages depending on the
amount and distribution pattern of ﬁbrosis found (Section 1.b
and 5):

In general, NAFLD ﬁbrosis gets worse by one stage every 14
years.44 NASH ﬁbrosis gets worse by one stage every seven years.
These are only average ﬁgures. Progression is not linear and can be
different according to the stage.22 A recent analysis of patients in
clinical trials showed that 20% of patients with F3 progressed to
cirrhosis in two years, while 20% of patients with cirrhosis, but
with good liver function and without complications of liver disease, developed more severe cirrhosis-related liver problems
(decompensated liver cirrhosis) in two years (Fig. 2).45 These ﬁgures are called the 20% ‘rule’.46 In some cases, the liver can be
damaged much faster than these average ﬁgures, and up to 1-in-5
patients with ﬁbrosis progression are rapid progressors
(Fig. 5).44,47
There are major differences in the way the disease develops
and progresses between individuals.5 This could be due to ﬂuctuations in the severity of the metabolic risk factors as well as the
impact of diverse (unhealthy) lifestyles, in addition to genetic
factors.22,48 This is something we currently do not fully
understand.

d. In which stage of NAFLD do problems occur?
It is still unclear whether all patients with NAFLD are at risk for all
these serious problems, or if these complications are mainly
restricted to patients with NASH (Box 4). Studies have shown that
the severity of liver ﬁbrosis is the most important predictor of what
will happen to someone with NAFLD.54 People with NAFLD who
have more severe ﬁbrosis were shown to have a higher chance of
developing serious health problems or dying. These serious health
issues obviously arise from liver disease, but also, and even more
frequently, from non-liver-related diseases. Diseases of the heart
and blood vessels (cardiovascular disease, CVD) are the most
frequent problems encountered. Factors other than ﬁbrosis
(observed at the time of diagnosis) appear to be less predictive of
health events later in life.55 Liver ﬁbrosis does not directly cause
your heart to stop working. Having liver ﬁbrosis is, however, a sign
that your liver is not able to function in a highly effective way. This
leads to long-term problems for the liver and/or other organs.
Based on other scientiﬁc data, it is likely that the process of
liver damage and inﬂammation (NASH) is the true driving force
behind subsequent health problems.56,57 This seems to be true
for the formation of ﬁbrosis and the progression towards
cirrhosis, as well as for the consequences outside of the liver.44
Because of these considerations, clinical trials to test possible
treatments, especially drugs, currently focus on patients with
NASH and ﬁbrosis, and not on less severe stages of the
disease.58–60
e. Impact of the NAFLD/NASH on health-related quality of life
The impact of NAFLD is not limited to physical issues, but also
affects health-related quality of life (Box 5). The concept of
Box 4. Consequences of NAFLD.

c. How does NAFLD affect general health?
Your liver is a large organ, able to carry out a complex set of
functions (see Section 1.a). Large blood vessels connect your liver
with the rest of the body. When your liver is not working
properly, the metabolism works only to a limited extent, toxic
substances may remain in the body and other damaging substances may even be produced. It is understandable that NAFLD
not only damages the liver, but other organs too.
Research shows that NAFLD increases the risk of developing
T2D, and if you already have T2D, it makes controlling your T2D
more difﬁcult.49 NAFLD also increases the risk of cardiovascular
(heart) disease by damaging the walls of blood vessels.50 NAFLD
inﬂuences the build-up of mineral deposits or calciﬁcations on
the vessel walls, which is called atherosclerosis. It also causes
damage to the heart, mainly the heart muscle and the system
that regulates heart rhythm. NAFLD may also increase the risk of
several types of cancer (including bowel cancer)51 and the
development of kidney problems (Fig. 5).52,53

Patients who have simple fatty liver and no signs of liver damage and
inflammation have a lower risk of developing NAFLD-related health
problems compared to patients with NASH (at least, if they do not
progress to NASH).
NASH can progress to significant liver problems: accumulation of scar
tissue may progress to cirrhosis, later on cirrhosis may become more
severe with impairment of liver function (decompensated liver cirrhosis
and liver failure). NAFLD (at any stage) can also lead to liver cancer, but
with a higher risk with more advanced disease, especially once the liver
gets to the stage of cirrhosis.
NAFLD also has an impact on other organs beyond the liver and contributes to the development of diseases of the heart and blood vessels,
including stroke, the development of diabetes and kidney disease, as well
as different types of cancer.
NAFLD has also an impact on quality of life and wellbeing.
NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis.
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Box 5. Health-related quality of life.

The concept of health-related quality of life derives from a broader
concept of quality of life, defined by the World Health Organization as the
individual’s perception of his/her position in life in the context of the
culture and the value systems in which he/she lives, and in relation to their
goals, expectations, standards and concerns. This perception may be
hindered by symptoms of disease, treatment side effects, reduced
wellbeing, social functioning and life satisfaction, as well as mental health
and emotional wellbeing.

health-related quality of life has been deﬁned by the Center for
Disease Control (CDC) as “an individual’s or a group’s perceived
physical and mental health over time”.61 Speciﬁc questionnaires
have been developed to get further insight into the healthrelated quality of life of patients with NAFLD/NASH.62,63
NAFLD can clearly have an impact on one’s quality of life.64,65
The associated conditions of T2D, obesity, unhealthy blood lipid
levels (dyslipidaemia) and CVD also negatively impact healthrelated quality of life.

People with NAFLD in the early stages of disease generally have
no symptoms and their quality of life is not impaired. The burden
of NAFLD on health-related quality of life becomes progressively
more important with advancing disease, when fatigue and
impaired physical conditions related to NASH (see Section 5.a; 8.b
and 11) accumulate and have a signiﬁcant impact on daily life.66,67
In the more severe stages of the disease, the physical and psychological consequences of liver disease add to those of the
metabolic comorbidities (as mentioned: obesity, T2D, dyslipidaemia, CVD). So clearly, health-related quality of life deteriorates
as NAFL progresses to early NASH, NASH-cirrhosis and liver failure,
or liver cancer (regardless of how severe the underlying NAFLD is).
The impact of NAFLD may be made even worse by the stigma
associated with obesity68 and/or T2D, problems of shame/guilt
linked to presumed alcoholism, and difﬁculties accepting the
diagnosis.
Although your day-to-day activities may not be affected for a
long time, the costs of NAFLD increase linearly as ﬁbrosis and
liver damage progress.69,70 This is driven by hospital admissions,
the costs of treating co-existing conditions, and personal costs
(e.g. loss of employment).

Normal Liver
Bowel
cancer
Kidney
problems

↑ Overall
mortality

↑ Liver
related
mortality

NAFL

HCC
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NASH

Type 2
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Cardiovascular
disease
Fig. 5. The current understanding of NAFLD is that most patients only have fatty liver, without liver cell damage and inﬂammation (NAFL). Some patients
will evolve to NASH, wherein steatosis is accompanied by liver cell damage and inﬂammation. This can go along with the accumulation of scar tissue or ﬁbrosis. In
a subset of patients with NASH, more and more scar tissue will accumulate and ultimately result in cirrhosis. Patients with cirrhosis but with good liver function
can evolve to a cirrhosis-related more severe liver problem (decompensated cirrhosis). A liver cancer (HCC) can develop at any stage, but the risk of HCC is higher
when the NAFLD is more severe. Usually, the evolution of the disease is slow, but some patients can be rapid progressors. NAFLD increases the risk of developing
diabetes. NAFLD also increases the risk of diseases of the heart and blood vessels (CVD). NAFLD may also increase the risk of several types of cancer (including
bowel cancer) and the development of kidney problems. CVD, cardiovascular disease; HCC, hepatocellular carcinoma; NAFL, non-alcoholic fatty liver; NAFLD, nonalcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis.
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Fig. 6. It is estimated that 25% of European adults have NAFLD. You are, however, more likely to have NAFLD if you have obesity and T2D, with NAFLD occurring
in nearly 8 to 9 out of 10 (80 to 90%) people living with obesity and in 5-7 out of 10 (50-70%) people living with type 2 diabetes. The number of people with NAFLD
increases progressively with age. NAFLD, non-alcoholic fatty liver disease; T2D, type 2 diabetes.

3. Basic data on epidemiology and natural history
a. Who gets NAFLD/NASH?
It is estimated that between 17–46% of European adults have
NAFLD (on average, around 25%). It affects people of all ages,
including children.6 This condition is directly linked to chronic
excess calorie consumption, lack of physical activity/exercise and
being overweight/having obesity (Fig. 3).13
Thus, you are more likely to have NAFLD if you have obesity
and T2D, with NAFLD occurring in nearly 9 out of 10 (90%) people
living with obesity (depending on the severity of the excess body
weight) and in 5–7 out of 10 (50–70%) people living with T2D (in
relation to being overweight and having poor metabolic control,38 or if you have high lipid or LDL cholesterol levels in the
blood) (Fig. 6).4,71 The number of people with NAFLD increases
progressively with age. Genes and ethnic origin are also important, with more people of Asian and Spanish origin being
affected than people of African origin.40,72
Some people with NAFLD have a normal body weight (up to
20% of NAFLD patients, which is then called lean NAFLD) or are
overweight but do not have obesity (20%).32,73 These numbers
vary across the world, being as low as 25% in South-East Asian
countries, and up to 50% elsewhere,74 depending on how obesity
is deﬁned in each country.75 The concept of lean NAFLD is,
however, somewhat misleading and simplistic. The deﬁnition of
lean is based on body mass index (BMI – your weight divided by
your height squared) but does not take into account how the
weight is distributed in the body (fat vs. muscle, intra-abdominal
fat vs. subcutaneous fat) (Box 6). It also simply draws a line at 25
kg/m2 (or 23 kg/m2 for Asian people): if you are just below that
line, you are lean; if you are just above, you are overweight. In
reality, BMI is a continuum. Lean people with NAFLD often have
some abdominal fat accumulation or other subtle metabolic
abnormalities.75 Lean NAFLD hence refers to the presence of
NAFLD in people that have few obvious metabolic risk factors.
They might have some excess body fat but still be lean according
to the BMI criteria. We do not know why such individuals
develop NAFLD. Anyhow, if the medical community can ﬁnd a
positive deﬁnition of the disease based on which metabolic abnormalities you must have, this oversimpliﬁed concept of lean
NAFLD will disappear. For the time being, it is better to talk about
NAFLD in lean people, instead of lean NAFLD.

b. How frequent are the complications?
Based on current scientiﬁc knowledge, it is known that in most
patients with simple or isolated fatty liver, the liver remains
stable over time (see also 2.a). In contrast, if you have NASH, you
are at a relatively high risk of worsening liver injury.44 NASH
occurs in 1 in 4-5 patients with NAFLD, i.e. between 1.5% and 6.5%
of the general population, but this ﬁgure is much higher (in some
studies over 60%) in patients with T2D.71 Severe ﬁbrosis is estimated to occur in around 1.5% of the general adult population76
and in up to 10% of adults with T2D. Severe ﬁbrosis means at
least F3 on a liver biopsy, often referred to as “advanced ﬁbrosis”.
Half of these patients will ultimately develop cirrhosis.71,77
There is some understanding of how NAFLD progresses,
thanks to research studies using liver biopsies. Studies using two
biopsies at different time points indicate that the liver damage –
in terms of ﬁbrosis – gets worse over time if you have more
active steatohepatitis, so more aggressive liver damage and
inﬂammation.57 As mentioned in Section 2.a, on average NAFLD
ﬁbrosis worsens by one stage every 14 years and NASH ﬁbrosis
gets worse by one stage every seven years.44 The data on the
progression of the disease are summarised in Fig. 7.
These ﬁgures should be treated with some caution because
they are based on studies that looked at the biopsies of patients
and not everyone needs to have a liver biopsy. It is possible that
the individuals who had liver biopsies may have already had
Box 6. Body mass index.

The body mass index is way to express your weight in relation to your
height and is calculated as follows:
BMI =

Weight (kg)
[Height(m)]2

It is a simple tool. BMI is used to define overweight and obesity (Fig. 13),
but it only tells part of the story. Your weight is influenced by body composition. Muscle weighs more than fat for the same volume, so if you lose fat
mass but gain muscle mass, your BMI might not drop as much as you
would expect. Also, BMI does not tell you whether you have more fat
around your waist (visceral fat, which is unhealthier, see Fig. 3) or more
subcutaneous fat, mostly on the hips (which is healthier). Measuring your
waist circumference (Fig. 13) can help you have an idea about that.
BMI, body mass index.
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Fig. 7. How does NAFLD evolve over time? Not everybody with NAFLD will develop cirrhosis. The estimated percentages of patients who will evolve stepwise to
a more severe disease stage are depicted here. F1-2-3, stage of ﬁbrosis 1-2-3; HCC, hepatocellular carcinoma; NAFLD, non-alcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis.

more advanced NAFLD and so the aforementioned ﬁgures may
overestimate the number of people who progress to advanced
ﬁbrosis and cirrhosis.
Studies also demonstrate that, besides patients whose disease
progresses, there are also patients who improve and others who
simply remain stable.57 Disease progression is hence difﬁcult to
predict in an individual case.

4. Who should be tested for NASH and how? How
should tests results be interpreted?
a. Who should be screened?
The question of whether people can and should be actively
screened for NAFLD is an important one. From a scientiﬁc point
of view, there are several requirements that need to be fulﬁlled
before screening can be recommended. These include the availability of cost-effective and safe screening methods, and that
something can be offered to you (such as a treatment) if you
screen positive for a certain condition.78 Not all these conditions
are met in the ﬁeld of NAFLD, which explains why there is no
universal screening guideline and no universal screening algorithm everybody agrees upon.79
Nevertheless, although there is no global consensus, there is a
growing understanding that physicians should at least consider
screening patients who are at risk of having NAFLD.80 This is
probably particularly true for patients at risk of developing NASH
and/or ﬁbrosis. These risk categories also include people with
chronically elevated liver blood tests.13 ‘Chronically’ usually
means for more than six months, so at least two blood samples
six months apart are needed. It may include people living with
T2D or being overweight/having obesity, people with metabolic
syndrome (see Table 1 for deﬁnition and criteria of this entity),
and people with CVD.13 Some of these risk categories include
large groups of people. It is sometimes difﬁcult to pinpoint who
is affected: should, for example, all patients living with T2D be
screened? In what frequency? Or what exactly is CVD? So, this
needs ﬁne-tuning in the future.79 Data are starting to be reported
for patients living with type 1 diabetes (T1D),81 but it is probably
too early to formulate a clear recommendation (Box 7). Patients
with T1D who are overweight/have obesity and have other features of metabolic syndrome may also be at risk and would
potentially beneﬁt from screening.

b. How can screening be done?
As mentioned, there is no universal consensus on whether you
need to screen, and if so, how. There are many unanswered
questions to date, reﬂected by variations in screening policy and
methodology.
As this is a slowly evolving disease, focus should probably lie
on picking up the people that are most at risk of developing
NAFLD-related problems in the near future. Therefore, most of
the screening efforts should focus on NASH and at least F2
ﬁbrosis, or on ﬁbrosis alone (F2 or more, or F3 or more).
Most screening strategies rely on a blood test score, a liver
ultrasound or a liver stiffness assessment, or a combination of
these.82,83 The combination strategy can be deployed in one
instance. It is also possible to perform tests sequentially. This
means that the second test is only performed if the ﬁrst one is
positive or gives a result in the grey zone (Fig. 8), which signiﬁes
an unclear result. As mentioned, there is no universal strategy.
Box 7. Diabetes, type 1 diabetes, type 2 diabetes.

Diabetes is a disease characterised by the persistent increase of the
levels of glucose in the blood (hyperglycaemia). Severe hyperglycaemia
can cause acute metabolic complications with severe neurologic
symptoms (coma) and even death. Chronic, even mild, hyperglycaemia
may cause the occurrence of complications in the long term. These
complications include disorders of the eyes, kidneys and nervous system.
Moreover, chronic hyperglycaemia is a risk factor for cardiovascular
diseases, elevating the risk for myocardial infarction, stroke and vascular
problems in the limbs.
There are several forms of diabetes with different causes. The two
most common forms of diabetes are called Type 1 and Type 2.
Type 1 diabetes is caused by a severe deficit in the production of insulin,
the hormone that regulates the entry of glucose into the cells of the body.
Insulin is produced by small group of specialised cells contained in the
pancreas (beta-cells). Type 1 diabetes is caused by the breakdown of
these cells. Type 1 diabetes usually arises in children or adolescents and
is not linked to obesity.
Type 2 diabetes is caused by a reduction of the response of the tissues to
insulin, a condition called insulin resistance. Type 2 diabetes usually arises
in adulthood and it is typically associated to obesity. Patients with type 2
diabetes frequently present with a family clustering of multiple risk
factors for cardiovascular disease, including obesity, hypertension and
alteration in lipids levels. This cluster conveys a very high cardiovascular
risk!
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Fig. 8. Screening for NAFLD can be done using different tests (non-invasive tests or NITs) and different strategies of testing. There is no international
consensus on the optimal screening strategy. Tests can be combined at one instance. Another possibility is to use several different tests sequentially: the second
test is only performed if the ﬁrst one is positive or gives an unclear result. NAFLD, non-alcoholic fatty liver disease.

Any strategy should consider available resources and how
healthcare is organised in a local setting. The UK National
Institute for Health and Care Excellence guideline84 or the
Belgian Association for the Study of the Liver guideline85 are just
two examples of how this screening algorithm can be applied,
but many other strategies can work.
The different tests are discussed in Section 5.
c. What to do with the result of the screening?
If you are screened according to a particular algorithm, there
should be a management and follow-up plan ready to accompany the result. All patients need a plan. The intensity of the
management and further work-up (which could include a liver
biopsy in selected cases) can differ according to the screening
results (see Section 8). The exact meaning of the results should
be clearly explained to you in order to avoid misinterpretation.
This is extremely important to avoid giving you unjustiﬁed
reassurance or the opposite, to saddle you with unnecessary
stress and fear.
d. Should tests be repeated over time?
There is no international scientiﬁc consensus on how exactly
patients at risk of or with NAFLD should be monitored over time
(see also Section 8).79,80 The more the screening test result indicates a higher likelihood of liver damage, the more intensive
the follow-up should probably be. For example, you are overweight, and you are screened: the test result tells you that you
have a very low likelihood of having NASH with at least F2
ﬁbrosis. This is reassuring, but you should still be supported to
lose weight. This is because, even though your screening result is
negative this time, signiﬁcant liver disease might develop later. If
you remain overweight, it seems appropriate to repeat the
screening at a later time. Currently, there is no precise recommendation that is universally applicable on this issue. It is,
however, obvious that even if initial screening is negative, a
repeat assessment at a later date is appropriate if the risk factors
remain. The precise timing and modality of the repeat screening
will depend on the result of the previous assessment and on local
practices.

5. How can the disease and its severity be diagnosed?
a. What are the symptoms?
Most adults do not notice any symptoms in the early stages of
NAFLD and ﬁnd out they have it when they are being tested for
something else, such as an annual check-up or during tests for

other conditions such as T2D or gallstones. The liver blood tests
are usually abnormal, but not always.86,87 If abnormal, they are
usually only slightly elevated, which should not be considered as
a sign of mild disease. Surprisingly, the degree of abnormality of
the blood tests does not reliably predict the severity of liver
injury. This means that liver tests may be normal or show only
minor elevations and you still can have advanced disease.
You can experience fatigue or tiredness, general lethargy, and
right-sided abdominal discomfort or an ache on the right side of
your tummy just under the ribs. These symptoms are sometimes
reported and might get worse over time as NAFLD progresses.
However, other causes of these symptoms need to be ruled out.
Nevertheless, evidence is accumulating that NAFLD independently contributes to fatigue and reduced physical capacity,
which can be explained by the crucial role of the liver in energy
metabolism.64,65
You can experience more severe symptoms when your liver
becomes more severely scarred (i.e. if you have cirrhosis), such as
unexplained weight loss, yellowing of the skin and the whites of
the eyes (jaundice), itchy skin, and swelling in the legs or tummy.
Because NAFLD starts off without noticeable symptoms, your
doctor may perform tests if you have risk factors associated with
getting NAFLD (like T2D or metabolic syndrome) to see if you
have it.
b. Who should diagnose NAFLD/NASH?
The diagnosis of NAFLD/NASH can be performed either by your
general practitioner (GP), your doctor for internal medicine or
diabetes, or your liver specialist (“hepatologist”). The GP or your
doctor for internal medicine will take your medical history and
can order blood tests and an ultrasound scan. These evaluations
and knowledge about other conditions you may have can give a
ﬁrst indication of whether or not you may have NAFLD or NASH.
Either your GP or doctor for internal medicine can decide if you
should have an appointment with a liver specialist. A liver
specialist should conﬁrm the diagnosis, especially for those with
advanced stage disease.
c. Liver biopsy as the gold standard
A liver biopsy is an invasive procedure that takes very small
samples of liver tissue for investigation (about 1/50,000th of your
liver). It allows the doctors to assess different areas within the
liver and can provide information about the number of liver cells
containing fat droplets (steatosis), the degree of liver cell damage
and inﬂammation (the “activity” of the disease) and the degree
of liver ﬁbrosis (the “stage” of the disease).1,14
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The presence of steatosis is the ﬁrst criterion to deﬁne fatty
liver disease. The human liver can contain a few fat droplets, but
they are rare. The degree of liver steatosis on the biopsy is
expressed as the number of liver cells (“hepatocytes”) that contain
those droplets. A few hepatocytes (up to 5%) containing fat
droplets is not considered abnormal or pathological. If more than
5% of the hepatocytes contain fat droplets, then this is no longer
considered normal, such that this deﬁnes what is a fatty liver (see
Section 1.b).1 If no cause such as alcohol or steatosis-inducing
drugs can be identiﬁed, it is diagnosed as ‘NAFLD’.13,14 The
amount of liver fat is then further graded as 1 (up to 1/3 of the
cells laden with fat droplets, mild steatosis), 2 (between 1/3 and 2/
3, moderate steatosis) and 3 (>2/3 of the cells laden with fat
droplets, severe steatosis).19,20 Whether the amount of fat in the
liver (i.e. the grade of steatosis) is important in terms of liver
damage and long-term prognosis, is not completely clear. If steatosis is the only abnormality, without signs of liver damage, it is
called simple or isolated steatosis. Although some worsening of
the disease in terms of development of scar tissue has been
described, the risk of this is much lower than in people who have
liver cell damage and inﬂammation on top of the steatosis
(Fig. 2).44,57
Liver cell damage and inﬂammation constitute what is called
the “activity” of the disease. This is the active process that drives
the development of scar tissue and the worsening of the disease
towards cirrhosis and liver failure (end-stage liver disease). The
latter may become an indication for liver transplantation (See
Section 2.a).88 With a liver biopsy, a typical swelling of the liver
cells (what is called ballooning of the liver cells) and the presence of inﬂammatory cells are the two most important hallmarks
of liver cell damage in the context of fatty liver.1 Many other
features and details can also be assessed by pathologists (these
are the specialist doctors that examine tissues under the microscope) and can help to grade the severity of the underlying
damaging process. Several scoring systems have been developed
over time to indicate the level of disease activity.
The third cardinal feature and piece of information provided
by the biopsy is the presence of scar tissue. Scar tissue formation
is in fact a normal wound healing process. If the damage is,
however, continuously present and if there is an imbalance between damage and repair, progressively more and more scar
tissue will accumulate.22 This affects normal liver function, e.g.
the exchange between the blood and the liver cells. It will also
disturb, in the advanced stage, the normal microscopic architecture of the different liver cell types and blood vessels. This
leads to cirrhosis. As for steatosis and activity, scoring systems
have been developed over time to express the severity of the
ﬁbrosis as a ﬁgure on a scale (See Section 1.b and 2.a) (Box 8).19,20
This severity is not only a matter of the amount of scar tissue but
also the pattern of ﬁbrosis, i.e. how the scar tissue is located in
between the different cell types and structures of the liver. The
most widely used scale goes from 0 to 4, 0 meaning there is no
ﬁbrosis, whereas 4 equals cirrhosis. The scale is not linear,
because both amount and pattern determine the exact stage. So,
stage 2 does not mean that you have twice as much scar tissue as
in stage 1: there is more scar tissue, but also the distribution
pattern is different. This scale is speciﬁc for NAFLD. In other liver
diseases, ﬁbrosis can be distributed in a different pattern. Biopsybased stage 2 in NAFLD is hence not the same as stage 2 in viral
hepatitis.19,20,89
Cirrhosis refers to a situation where, at the microscopic level,
ﬁbrous strands breach the normal structure and create ﬁbrous

Box 8. Staging of liver ﬁbrosis.

• Liver fibrosis is the scar tissue that develops when the liver is damaged
and inflamed and when repair mechanisms are insufficient to completely
restore the damaged liver tissue. It is mostly associated with chronic liver
disease.
• The severity of the liver fibrosis depends not only on the amount of
involved tissue, but also on the pattern, i.e. the way the scar tissue is
distributed between the different cells and structures of the liver. This
pattern can be different from one liver disease to another.
• Classification of the severity of liver fibrosis, which is called staging,
takes into account both amount and pattern of fibrosis. Classification
systems or staging systems differ from one liver disease to another.
• The most frequently used liver fibrosis staging system uses a scale
ranging from F0 to F4. A stage of 2 or more is called significant fibrosis,
stage 3 or more is called advanced fibrosis, and stage 4 is the same as
cirrhosis.
• Cirrhosis means that strands of fibrosis disrupt the normal architecture
of the liver, that liver blood vessels are altered, and that the liver appears
“lumpy” instead of smooth. Cirrhosis does not equal liver failure, as initially
liver function may be preserved and the disease may be asymptomatic.

bridges (see also Section 1.b and 2.a). There are also changes in
the blood vessels and nodules of newly formed cells emerge to
replace what has been lost. All this leads to nodular reorganisation of the liver, i.e. cirrhosis. Cirrhosis is hence a structural
alteration of the liver, and not per se a functional one. Liver
function, at least gross liver function, can be preserved in early
cirrhosis. Of course, when it becomes more severe, cirrhosis will
ultimately lead to defective liver function.
Besides giving information on all these different aspects of
the disease, a liver biopsy can also be very useful to exclude other
liver diseases. If you have risk factors for NAFLD and you have
elevated liver blood tests, you could still have another type of
liver disease. A liver biopsy can be helpful to diagnose these
other liver diseases as well as NAFLD.
As with every investigation in medicine, liver biopsy is not
perfect. As mentioned, a classical biopsy represents only about 1/
50,000th of the total amount of liver tissue. And although the
liver in NAFLD is more or less diffusely damaged, there can be
some differences in severity between different areas in the liver.
This means that if you take a liver biopsy of two different liver
regions, some differences may be observed between the two
pieces under the microscope.90 This potential difference between
two different areas of the liver is called sampling variability. In
NAFLD, these differences are overall rather minor. For ﬁbrosis, it
is known that a difference of one stage between two biopsies is
not uncommon, but a difference of two stages is rare.90 The
bigger the biopsy, the more precise the scoring and the lesser the
variability.91 Also, the experience of the pathologist who examines the biopsy is of importance. These limitations (and all
techniques in medicine come with some limitations) must be
acknowledged. Furthermore, a liver biopsy is an invasive procedure and comes with some risks.92,93 When performed by
experienced doctors, the likelihood of a good quality biopsy is
high and the risks are low, but never zero.
d. Can the biopsy be replaced by something else? What about
other less invasive liver tests?
It is currently not possible to obtain all the information that a
liver biopsy provides (degree of steatosis, activity and ﬁbrosis,
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other markers of disease severity and diagnosis of other liver
diseases) with a single alternative.
It is, however, to some extent possible to get an idea of some
aspects of the disease using one or more non-invasive techniques
(Box 9). It is important to note that liver biopsies have been used
as the reference method in the development of almost all of
these techniques As the liver biopsy is in itself not perfect, this
approach might over- or underestimate the accuracy of a noninvasive technique. It is nevertheless currently the best way to
get as close as possible to an accurate assessment of the liver
abnormality that is being studied.
The development of non-invasive biomarkers (non-invasive
tests, NITs) in NAFLD is most advanced for the assessment of the
presence and severity of steatosis and for the assessment of the
severity of the ﬁbrosis.94,95 The ﬁeld is not as advanced for the
non-invasive assessment of disease activity, i.e. whether there is
steatohepatitis and how severe or active the NASH is.
Steatosis
The presence of steatosis can be assessed with imaging techniques. An ultrasound of your abdomen, comparing the
brightness of your liver to the grey scale of your right kidney, is
accurate in identifying the presence of steatosis if steatosis
affects more than 30% of the liver cells.96,97 Minor degrees of
steatosis can be missed on ultrasound, but moderate and severe steatosis can be diagnosed with more than 90% accuracy.
The brightness of your liver can also be scored on ultrasound.
This scoring correlates to some extent with the severity of
steatosis on liver biopsy, although this is not very accurate.98
Ultrasound can diagnose steatosis, but not steatohepatitis and
not the stage of ﬁbrosis, and can diagnose cirrhosis if your liver
looks nodular.

Box 9. Non-invasive tests.

• Non-invasive tests or NITs do not require an invasive procedure like a
liver biopsy to give you information on some aspects of the disease.
• NITs can be blood tests (routine blood tests or more sophisticated/complex tests), urine or stool tests, imaging modalities (such as ultrasound,
magnetic resonance imaging), breath tests (where you can measure some
substances in exhaled air) or other techniques. Some of the individual tests
are combined in more complex scores and algorithms. The techniques to
assess the stiffness of the liver also belong to the NITs.
• NITs can give you information on steatosis or fibrosis. Currently we lack
NITs that are well validated to accurately reflect the diagnosis of NASH, so
the inflammation or liver damage.
• NITs can give you an idea of the precise severity of a feature (e.g. how
much fat is there in my liver) or how big your risk is to belong to a certain
category (e.g. what are my chances of having a liver with at least a stage 3
of fibrosis). The correct interpretation of what a certain test really means is
not always easy, and your doctor should take the time to explain this in
detail. A NIT, for example, rarely tells you exactly in what stage of fibrosis you
currently are; it just gives you an idea of how big the risk is that you belong
to one of the higher or lower fibrosis stages.
• What an increase or a decrease in the value of a NIT over time means and
if it accurately correlates with an improvement or worsening of your liver, is
not well known yet. This needs much more research before it can be used
as a reliable tool to monitor the evolution of your liver disease over time or to
test whether the management of your liver disease is successful.
NASH, non-alcoholic steatohepatitis.

The Fibroscan® device (see also the next section on ﬁbrosis)
can also assess the amount of liver fat, via the determination of
the controlled attenuation parameter or CAPTM.99,100
A computed tomography scan can also be used to diagnose
steatosis, comparing your liver with your spleen. As with ultrasound, it cannot diagnose the presence of liver damage and
inﬂammation, nor ﬁbrosis.
Magnetic resonance imaging (MRI) is the most accurate
technique to diagnose the presence of liver fat, and it can be used
to quantify the levels of liver fat.101 Liver fat on MRI is also
expressed as a percentage, but not the percentage of liver cells
laden with fat droplets, rather the percentage of total liver
weight that is composed of fat. Up to 5% is also considered
normal. A percentage of 30% corresponds to very severe steatosis, as it is a percentage of total weight; as such, this percentage
cannot be directly compared to observations made on a liver
biopsy. MRI is so accurate in assessing the presence of liver fat
and in quantifying it,102 that it is considered the reference
method (gold standard) for this particular feature, but it is still
mainly used for research purposes.
Besides imaging, there are scores based on a combination of
tests, mainly blood tests that have been shown to have some
value in diagnosing the presence of liver fat and its severity.
Examples are the Fatty Liver Index, the SteatoTestTM or the Liver
Fat Score.103–105
Fibrosis
Imaging is currently not able to accurately visualise scar tissue or
ﬁbrosis. Technical evolution might, however, make this possible
in the future. Imaging can be used to assess liver stiffness, which
is a physical characteristic of your liver. Liver stiffness is the
opposite of liver elasticity, so liver stiffness measurement is
called elastometry or elastography. The latter means a mapping
of liver elasticity. A healthy liver is smooth in texture (elastic),
but when diseased, it can become stiffer. This stiffness can be
inﬂuenced by the presence of ﬁbrosis, but also by inﬂammation
and swelling. Also, the blood ﬂowing through the liver must be
taken into account. After a meal, when more blood goes to the
gut and the liver, the liver is a little stiffer than in fasting conditions.106 All these factors can affect the stiffness of your liver.
This means that liver stiffness does not simply equal ﬁbrosis.
Nevertheless, it has been shown that liver stiffness and the stage
of ﬁbrosis do correlate.87
Many factors need to be considered to correctly interpret the
result of a liver stiffness measurement:107,108 Liver stiffness
values have been assessed using ﬁbrosis stage on liver biopsy as
the reference method or gold standard. Scoring systems for
ﬁbrosis on liver biopsy are not the same for every liver disease.
Therefore, values of liver stiffness corresponding to ﬁbrosis
stages can be different from one liver disease to another. For a
given stage of ﬁbrosis, the corresponding range of liver stiffness
measurements is also broad. This means that there is a lot of
overlap in liver stiffness values between two consecutive stages
of ﬁbrosis diagnosed on liver biopsy. This implies that a liver
stiffness measurement cannot be interpreted as a precise measurement of the ﬁbrosis stage on the liver biopsy.109 Because of
that, your liver stiffness value is compared to threshold values or
cut-offs. These cut-offs are levels that indicate a high or low risk
of a given level of ﬁbrosis severity. The interpretation depends on
the values that are used as cut-offs: with a low cut-off, you can
be quite sure that if you are below that value, there really is no
signiﬁcant ﬁbrosis; inversely, with a high cut-off, your likelihood

JHEP Reports 2021 vol. 3 j 100322

13

Patient guideline
of having more severe ﬁbrosis or even cirrhosis is high, but never
100%.107 The cut-offs are different whether you want to rule-in or
rule-out a condition, so if you want to be sure that it is or that it is
not present. The cut-offs are also different if you are looking for
signiﬁcant ﬁbrosis, advanced ﬁbrosis or cirrhosis. This is all quite
complicated, and your doctor should tell you exactly what your
liver stiffness value means. As explained, your liver stiffness does
not tell you exactly which ﬁbrosis stage you are in. It only tells
you how likely you are to be “at least in a given stage of ﬁbrosis”,
or how certain you can be that your ﬁbrosis is not so severe.
Thus, the interpretation is quite complex and depends on multiple factors.
Several techniques to measure liver stiffness have been developed over time.94 Most of them are based on ultrasound. A series of
pulses are applied to the liver. Based on the return of the pulses
these instruments can measure the stiffness of the liver. The most
widely used is vibration-controlled transient elastography, which is
the technique in the Fibroscan® device.82 Other techniques, combined with classical ultrasound imaging of the liver or a distinct
technique altogether, are available.110 The liver stiffness scores are
not comparable between these techniques. Hence, each technique
has its own reference values and cut-offs. When mentioning a liver
stiffness value, you need to know which technique has been used to
understand the meaning of the result.111
Liver stiffness can also be measured by MRI, which is called
magnetic resonance elastography (MRE). MRE maps the whole
liver. MRE is considered the most accurate technique for liver
stiffness measurement.112 However, MRE is not widely available
and is more costly and time consuming than ultrasound
techniques.
Besides imaging, several individual blood parameters are
available for basically the same purpose. There are several scores
based on a combination of blood parameters to assess ﬁbrosis
(Box 10).82,87 Some of these scores are based on routine blood
tests and can easily be calculated by the lab or using online
calculators that can be found on the internet.85 Some blood tests
and scores are offered commercially and come with an additional
cost. Many of them are also still experimental but the interpretation of their results is comparable to liver stiffness measurements. Examples of tests and scores that are based on routine
blood tests include the ﬁbrosis-4 index (FIB-4)113 and the NAFLD
ﬁbrosis score.114 Examples of commercial tests and scores are Nterminal pro-peptide of type III collagen (Pro-C3),115 enhanced
liver ﬁbrosis (ELF)116 or a non-invasive NASH test with 4 blood
markers (NIS4).117 Many other tests exist or are in development.
All these individual tests have their accuracy, depending on
what you want to know. Combining test modalities clearly
makes the overall result more accurate.82,108 That is why many
algorithms combine a ﬁbrosis score and a liver stiffness measurement, simultaneously or sequentially (see Section 4.b and
Fig. 8).83–85,95
Steatohepatitis
Without a biopsy, it is difﬁcult to tell the difference between
a simple or isolated fatty liver (steatosis) and a fatty liver
with liver cell damage and inﬂammation (steatohepatitis).
The assessment of this difference has been the most challenging
part of developing non-invasive markers for NAFLD. This is also
true for determining the severity of the steatohepatitis, what is
called the activity of the NASH. One of the reasons is that the
activity of the disease is closely linked to the degree of ﬁbrosis.
Changes in activity over time are linked with changes in ﬁbrosis

Box 10. Fibrosis scores.

Fibrosis-4 Index (FIB4) and the NAFLD fibrosis score (NFS) are helpful for
assessing the likelihood of having or not a certain stage of fibrosis. These
scores are not intended to diagnose the actual stage of fibrosis of your liver
with great precision, but they can help to tell you the likelihood of having
no/minimal fibrosis or the likelihood of having advanced fibrosis (F3 or more).
Take for example FIB-4. A value of 3.06 is high and tells you that you have
a high likelihood of having F3 or more. A FIB-4 of 1.1 is reassuring as it tells
you that you have a very low likelihood of having advanced fibrosis, but it
does not tell you whether you have F0, F1 or F2.
The parameters included in the FIB-4 and the most frequently used
cut-offs and their interpretation, are as follows:
FIB-4 formula:294 =

age (years) × AST (IU/L)
platelet count (× 10 9/L) ×√ALT (IU/L)

● FIB-4 score ≤1.3 to rule out advanced fibrosis
● FIB-4 score >1.3 and <2.67 as indeterminate/inconclusive
● FIB-4 score ≥2.67 to suggest advanced fibrosis
NAFLD fibrosis score formula:294
-1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m 2) + 1.13 × IFG/diabetes
(yes = 1, no = 0) + 0.99 × AST/ALT ratio – 0.013 × platelet (×10 9/L) – 0.66 ×
albumin (g/dl)
● NAFLD score <-1.455 to rule out advanced fibrosis
● NAFLD score >-1.455 and <0.675 as indeterminate/inconclusive
● NAFLD score >0.675 to suggest advanced fibrosis
It should be noted that the cut-offs that are mentioned here, according to
some scientific data, might not be accurate if you are younger than 35
years and if you are older than 65 years. 294
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; F0-1-2-3, stage of ﬁbrosis 0-1-2-3; FIB-4, ﬁbrosis-4 index; IFG,
impaired fasting glycemia; IU, international units.

stage over time.57 Therefore, if you analyse a marker for its
relationship with ﬁbrosis, this relationship will also be inﬂuenced by the presence at the same moment of inﬂammation and
cell damage. This holds true for liver stiffness measurements as
well as for blood-based markers and scores.
MRI-based techniques, such as multiparametric MRI, are
most promising in this regard.118,119 Some biomarkers like NIS4
also identify the combination of NASH with ﬁbrosis.117 The
FAST score, an approach combining liver stiffness measurement
by Fibroscan®, steatosis assessment by CAPTM (on the same
Fibroscan® device) and the liver blood test aspartate aminotransferase (AST), also seems to hold promise.120 However,
further studies are required to determine the accuracy of these
approaches.
Baseline assessment vs. follow-up
The techniques that have been discussed try to non-invasively
assess the degree of steatosis, the stage of ﬁbrosis or the activity of the steatohepatitis. Studies have compared these techniques with biopsies at one point in time. This type of
comparison is called a cross-sectional analysis. How these tests
evolve over time has not been well validated. It is also not known
what a change in such a parameter over time really means. For
example, if your liver stiffness goes down over time: what does
that tell you about the lesions on your liver biopsy? Although it
makes sense to think that the improvement in liver stiffness
should correspond to a reduction in the amount of ﬁbrosis, there
is still very little scientiﬁc proof for that. This has to do with the
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fact that steatosis, steatohepatitis, and ﬁbrosis are closely linked.
As mentioned before, liver stiffness correlates with ﬁbrosis, but is
not determined by ﬁbrosis alone. Liver stiffness can also be
inﬂuenced by the presence of steatohepatitis.121 It might be that
if the activity of your disease decreases over time, your liver
stiffness will also improve.122 But the ﬁbrosis stage can still be
the same. In summary, much more research is needed to know
exactly what it means if non-invasive markers change over time.
Despite these limitations and knowledge gaps, these NITs are
already frequently used. More studies are urgently needed to
increase our understanding of how to work with these tools in
the future. For the time being, changes over time should be
interpreted cautiously.109 One should also not forget the potential variability of tests. Before drawing any conclusion from an
increase or a decrease of a given test over time, a repeated
measurement is advisable to be sure that there is a consistent
decrease or increase. And at best, any change over time can
currently only be considered as a potential indicator, but by no
means a proof, for a positive or negative evolution over time.

6. If a diagnosis of NAFLD is established, what is the

e. Algorithms
The previous sections described the different techniques that can
be used to diagnose NAFLD and its severity. Many patients are at
risk of NAFLD, but only a small percentage of those with NAFLD
will develop more severe disease.25,44,77 It is therefore important
to make an accurate diagnosis, or at least as accurate as possible.
The biopsy provides the clearest overall picture, but as explained,
the biopsy has its limitations. Some aspects of the disease can be
diagnosed with alternative techniques. This makes it possible to
have sufﬁciently accurate information without the need for a
biopsy in many (but not all) cases.
There is no unique, globally applicable scheme or algorithm to
make an accurate diagnosis, but generally the following principle
applies: When you are suspected of having NAFLD on the basis of
clinical history, examination and blood tests, the next step is an
ultrasound scan (Fig. 8).83–85 A fatty liver usually looks brighterthan-normal on the scan. Unfortunately, neither the blood tests
nor routine scans can reliably distinguish between isolated or
simple fatty liver and more severe disease with inﬂammation or
scarring/cirrhosis.
The NITs that we discussed in the previous sections are
relatively new ways of ruling out advanced liver disease.94 This
means that they are relatively accurate at telling you that you do
not have the more severe forms of the disease. In this way, the
tests may enable most people to avoid a liver biopsy. Validated
scores like the FIB-4 or NAFLD ﬁbrosis score can be used to
calculate the risk of having severe disease and a liver stiffness
assessment can also be performed – this also helps to predict
whether a person has simple or isolated fatty liver disease or
might have more advanced disease. Scores and liver stiffness
measurements are often combined, or one is used as a conﬁrmation of the other (sequential use).82,83 If these tests are
negative, they can quite accurately tell you that you have little
chance of having more severe disease. So, in that case, they can
reassure you. The opposite, namely a positive test telling you
with certainty that you have a more severe form of NAFLD, is
more difﬁcult.
If these tests do not give a reliable answer, a liver biopsy may
be needed. A liver biopsy may also be necessary if a high suspicion of advanced and/or active disease needs to be conﬁrmed,
or if other liver diseases need to be excluded.

a. Other liver diseases that can exist in conjunction with
NAFLD should be looked for
As part of the diagnostic work-up, other causes of liver disease
should be looked for and treated if they are present. If you have
NAFLD you can also have another liver disease at the same time.
Alcohol is discussed in Section 6.e. If multiple liver problems
exist together, they often reinforce each other, and the disease
may progress more rapidly. Therefore, it is important to identify
other potential diseases, which can often be done with additional blood tests (see also Fig. 9) but may require a liver biopsy.

treatment?
If you are diagnosed with NAFLD, your doctor will talk to you
about making healthy diet and lifestyle choices. This is the
cornerstone of NAFLD treatment and should always be the ﬁrst
treatment option. There are currently no medicines to specifically treat NAFLD, although research is underway to develop
them. Without speciﬁc drugs for treatment, weight loss is key,
and this can be achieved through a combination of dietary
changes and increasing physical activity/exercise levels. These
changes can help to:
 Reduce the amount of fat and inﬂammation in your liver.
Even if your liver is scarred, there can be some improvement
if you make and sustain lifestyle changes, given that the liver
has the ability to regenerate.
 Improve your metabolic proﬁle and thereby lower your risk
of CVD, T2D and liver cancer.

b. All cardiometabolic risk factors should be checked and
treated according to their proper guidelines
As mentioned, there is a strong association between the metabolic syndrome, T2D, CVD and NAFLD (see Section 1.b, 1.c and
Table 1). Therefore, it is important to check your weight, blood
glucose, blood pressure and blood lipids (cholesterol, triglycerides) on a regular basis and manage these appropriately
(there are separate guidelines for this13) to reduce your risk of
CVD and T2D. If necessary, your doctor may prescribe speciﬁc
medications, such as those to treat high blood pressure or
elevated cholesterol.
c. All other chronic diseases should be checked/excluded,
including psychological diseases
NAFLD, but also the components of metabolic syndrome, are
chronic diseases. They sometimes cause other chronic diseases
or co-exist with other diseases. All these diseases are frequently
treated by several different (specialised) physicians and other
healthcare providers. Nevertheless, they are not strictly separated but frequently interact. This close entanglement of all these
diseases, including psychological and psychiatric conditions,
should not be minimised. Ideally, everything should be treated as
part of the global management of your health (see also Section
6.g). Your family doctor and other ﬁrst-line healthcare providers
may help you with this and play an important role in keeping an
overall view of all your health problems. If one of your health
problems and diseases is not taken care of it could have a
negative impact on the treatment of NAFLD or your other
conditions.
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Suspicion of NAFLD based on history,
clinical examination and blood tests

Ultrasound:
image of steatosis?

Yes: fatty liver disease

Exclude other causes of fatty liver disease
(may require additional blood tests or other examinations)

Assess presence of advanced fibrosis
What?

Single test
Scores and test panels
Liver stifness measurement

How?

One test
Combination
Sequence of tests

Non-invasive test

If no clear answer a more accurate assessment
is needed or other disease must be excluded

Liver biopsy

Fig. 9. This ﬂowchart represents a proposal of how to approach the challenge of diagnosing NAFLD if you have one or more risk factors for NAFLD. NAFLD,
non-alcoholic fatty liver disease.
Box 11. Lifestyle modiﬁcation.

• Overweight and obesity are important risk factors for NAFLD/NASH,
mainly when the calorie overload exceeds the capacity of your fat tissue to
store the excess energy you have taken up.
• Lifestyle modification, which includes changes in dietary pattern and
composition as well as increasing physical activity levels, is the first step
and cornerstone of NAFLD management.
• Achieving sustained weight loss can improve NAFLD across the disease
spectrum. The amount of weight loss is the most important determinant of
improvement, regardless of the type of diet that has been followed.
• The Mediterranean diet is one of the most studied and beneficial. Even
without weight loss, a healthier food pattern, especially the Mediterranean
diet, can result in NAFLD improvement.
• Added sugars, especially fructose, play a major role and should be
avoided as much as possible. A reasonable fruit consumption of 1-3 fruits
per day, should not be further restricted and should be a part of a balanced
diet and a source for fiber and vitamins.
• Decreasing overall sedentary time and breaking up sedentary time
throughout the day is a useful treatment strategy for all people with
NAFLD/NASH.
• Any increase in physical activity is useful, even without weight loss. In
order to induce significant changes, over 150 min/week of moderate
intensity physical activity over 3-5 sessions including a combination of
aerobic (“cardio” e.g. brisk walking, cycling, swimming) and resistance
(“strength” e.g. lifting weights) training are recommended.
• Both the changes in diet and physical activity/exercise levels need to be
tailored to your individual needs, preferences and abilities in order to find a
way of living that you enjoy and can sustain in the long term.
NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis.

d. Maximum effort should be made to improve the factors
that drive the disease: this is what is meant by lifestyle
modiﬁcation
See Box 11.
What is the evidence for lifestyle modiﬁcations in the
management of NAFLD? What exactly do I need to do?
Weight loss
Research has shown that weight loss is an effective treatment for
NAFLD across the disease spectrum.123 Weight reduction,
whichever way it is achieved, leads to improvements in your
liver blood tests (liver enzymes), the amount of liver fat and liver
inﬂammation, as well as the amount of scar tissue or
ﬁbrosis.13,124 The impact of weight loss on liver improvement
depends on the degree of weight reduction. A weight reduction
of >5% is usually necessary to reduce liver fat, 7–10% to improve
liver inﬂammation and >10% to improve ﬁbrosis/scarring,
although even lower reductions can be helpful.124 Therefore, the
guideline, jointly written by three scientiﬁc societies (the European Association for the Study of the Liver (EASL), the European
Association for the Study of Diabetes (EASD), the European Association for the Study of Obesity (EASO))recommends a weight
loss target of 7–10% if you are overweight or have obesity with
NAFLD.13 The favourable effects of moderate weight loss also
extend to lean patients who do not have obesity-associated
NAFLD. In this case, a 3% weight loss is likely to drive NAFLD
remission.125 Lifestyle changes that produce even modest results,
such as a sustained weight loss of 5%, can induce clinically
meaningful reductions in triglycerides and blood glucose. These
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reductions are important to prevent heart disease and T2D,
respectively.
Weight loss can be achieved by any dietary method that reduces calorie intake. Many different types of diet have been
shown to be effective for inducing weight loss, though there is no
“magic” diet. You can choose a diet with health beneﬁts that you
feel able to follow in the long-term, guided by your doctor and/or
dietician/nutritionist. For example, a low-carbohydrate diet appears to be similarly effective as a low-fat diet in reducing liver
fat and the liver enzyme alanine aminotransferase longer term,
as long as a 7% weight loss is achieved.126
Dietary composition
Fat. Saturated fat has been shown in several studies to have a
reinforcing effect on liver fat accumulation. For example, in a
study comparing the addition of mufﬁns high in saturated fat vs.
mufﬁns high in unsaturated fat to the habitual diet there was a
similar increase in body weight across both groups. Only the
mufﬁns with the high saturated fat, however, markedly increased
liver fat, liver blood tests (liver enzymes) and serum lipids.127 In
another study, similar adverse effects were observed after eating
saturated fat from coconut oil, butter, and high-fat blue cheese for
three weeks.128 Therefore, reducing the intake of saturated fat is
important. Foods rich in saturated fat include palm oil, which is

found mostly in processed food, butter and high-fat dairy
products. They also include high-fat meat (e.g. internal organs
like liver, brain and processed meats like sausages), cakes,
cookies, ice cream and other sweets. Reducing the amount of
processed food that you eat can help manage your NAFLD. Fig. 10
shows some “good” and “bad” foods for the different nutrient
components.
Sugar. Naturally occurring sugar refers to the sugar that is an
integral constituent of whole fruit, vegetable, and milk products,
whereas added sugar refers to sucrose (table sugar) or other
reﬁned sugars (fructose and high-fructose corn syrup) incorporated into food, fruit drinks, and other beverages.129 Sugarsweetened beverages are the leading source of added sugar
worldwide.130 Evidence from many studies shows an association
between added sugars and NAFLD, which is more prominent if it
comes in the form of sugar-sweetened beverages.131 Among
children and adolescents, fructose consumption was independently associated with NASH (the advanced form of NAFLD).132
Importantly, reducing sugar consumption in children led to an
improvement in liver fat within a few weeks.133,134 Taken
together, these ﬁndings imply that the intake of sugarsweetened beverages and foods high in added sugar should be
reduced as part of the treatment of NAFLD.

Overweight/obesity NAFLD
Weight
reduction

Non-obesity NAFLD

• The more severe the liver disease is, the higher the goals
are in terms of weight loss
• Healthy diet with caloric restriction tailored for
your preferences

• 3-5% reduction of weight even within the normal BMI range
(especially if recent weight gain occurred or if abdominal
obesity is present)

Lifestyle advice for ALL patients with NAFLD

Recommended activity

Recommended foods
Mediterranean diet

Non-recommended foods/
Minimize consumption
Ultra-processed
food
Saturated fats
and cholesterol

Nuts/
Seeds/
Legumes

Processed meat
Olive oil
Sweets
Fruits
vegetables

Whole
grains
rich in fiber
Fish

Walnuts

• Mental well being management
• Aerobic exercise ≥3 days/week
(≥150 min/week moderate intensity)
• Resistance exercise ≥2 days/week
• Reduce sedentary behaviour

Sugar-sweetened
beverages

High fat/
sugared
dairy products

Alcoholic
beverages

• Reduce added sugar (e.g. by reducing sweets, processed foods,
sugared dairy products, etc.)

• Increase n-3 fatty acids found in fish, and walnuts; utilize
olive oil over other oils more often

• Avoid sugar-sweetened beverages
• Reduce saturated fat and cholesterol (e.g. by eating low fat meat
and low fat dairy products)

• Minimize “fast food” and ultra-processed food
• Home-cooked meals are preferable
• Try to follow the Mediterranean dietary pattern

Fig. 10. A summary of lifestyle recommendations for those living with NAFLD. NAFLD, non-alcoholic fatty liver disease.
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Box 12. Mediterranean diet.

The Mediterranean diet is characterised by a high intake of olive oil (rich in
a healthy type of fat and polyphenols that act as antioxidants), vegetables,
fruits and nuts, legumes, whole grains, fish and seafood, and a low intake
of red meat and processed foods. The Mediterranean diet is also
characterised by reduced sugars and refined carbohydrates. One of the
principles of the Mediterranean diet is to minimise processed or “fast
foods” and to have more home-cooked meals.
In a more extensive way, a Mediterranean diet should be part of
Mediterranean lifestyle, including physical activity, culinary activities, the
use of local and seasonal products, conviviality and adequate rest.

Other aspects of dietary composition. Adequate amounts of fruits
and vegetables may reduce the risk of NAFLD,135 attributed to the
ﬁbre, vitamins and non-vitamin antioxidants (such as phenolic
compounds) they contain. Studies indicate that dietary intake of
vitamin E and C and phenolic compounds might protect against
NAFLD-related liver damage.136,137 The best sources of vitamins E
and C are nuts, seeds, plant oils, fruit and vegetables. Phenolic
compounds are abundantly present in foods such as berries,
nuts, coffee, tea and whole grains.137
Dietary patterns represent the overall combination of foods
that can produce synergistic health effects. One of the most
studied dietary patterns is the traditional Mediterranean diet
(Box 12). This diet is characterised by a high intake of olive oil
(which is rich in a healthy type of fat and polyphenols that act as

antioxidants), vegetables, fruits and nuts, legumes, whole grains,
ﬁsh and seafood. It is also characterised by a low intake of red
meat and processed foods. Several studies have shown a harmful
association between high meat intake and NAFLD,138,139 specifically red (such as beef, lamb and pork) and processed meat
(such as hamburger, salami, sausages and processed schnitzel)
(Fig. 11).140–142 Importantly, the Mediterranean diet is also
characterised by reduced sugars and reﬁned carbohydrates.
Interestingly, one of the principles of the Mediterranean diet is to
minimise processed or “fast foods” and to have more homecooked meals (Fig. 11). The Mediterranean diet has a wellestablished protective role against CVD and T2D. Studies also
support the protective role against NAFLD.143–145 In two interventional studies, two months of a Mediterranean diet led to a
signiﬁcant decrease in liver fat independent of any weight
loss.146,147 For this reason, the Mediterranean diet has been recommended for the treatment of NAFLD by the EASL-EASD-EASO
Clinical Practice Guideline13 and the European Society of Clinical
Nutrition and Metabolism (ESPEN) Guidelines.148 Increasing
adherence to the Mediterranean diet might prove a challenge, as
some of the foods in the Mediterranean diet tend to be expensive
in countries outside of the Mediterranean region (ﬁsh, nuts,
fruits, etc.). However, it is important to emphasise that even
partial adherence to this dietary pattern (especially a reduction
of sugar, saturated fat and processed food in general) and a more
culturally adjusted approach can be beneﬁcial.
Similar foods that are “good” or “bad” for NAFLD are also
related with liver cancer (Fig. 10). High intake of red meat,

Mediterranean diet pyramid
Sweets ≤2 s

Weekly

Potatoes ≤3 s

Red meat ≤2 s
Processed meat ≤1 s

White meat 2 s
Fish/Seafood ≥2 s

Eggs 2-4 s
Legumes ≥2 s

Dairy 2 s
(preferably low fat)

Daily
Herbs/Spices/Garlic/Onions

Olives/Nuts/Seeds 1-2 s

(less added salt)
Variety of flavours

Olive oil
Bread/Pasta/Rice/Couscous
Other cereals 1-2 s

Fruits 1-2 Vegetables ≥2 s
Every
meal

Variety of colours/textures
(Cooked/raw)

(preferably whole grain)

Water and herbal
infusions
Biodiversity and seasonality
Traditional, local and
eco-friendly products
Culinary activities

Regular physical activity
Adequate rest
Conviviality

s, servings

Fig. 11. The Mediterranean diet. These are general recommendations for a healthy lifestyle. Speciﬁc person-tailored recommendations should be provided to you
by a nutrition expert. s, serving.
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saturated fat,149 cholesterol150and reﬁned sugars151 are associated with an increased liver cancer risk. High-fat dairy
products and butter, but not low-fat dairy, are also associated
with a higher risk of incident liver cancer.152 Consumption of
omega-3 polyunsaturated fat-rich ﬁsh is inversely associated
with liver cancer153 as is vegetable intake.154 Interestingly, the
Mediterranean diet is associated with a lower risk of liver
cancer.155,156
In summary, clinical evidence strongly supports the role of
lifestyle modiﬁcation as the primary therapy for the management of NAFLD. The Mediterranean diet can reduce liver fat even
without weight reduction and is the most recommended dietary
pattern in NAFLD.157 However, other healthy dietary patterns are
also helpful, and the choice of diet should be decided by tailoring
the advice of your physician or dietician to your cultural and
personal preferences. Lifestyle modiﬁcation should be considered as a lifetime treatment. Comprehensive weight loss interventions that provide regular follow-up meetings with a
healthcare professional are recommended to successfully achieve and maintain weight loss.158
Physical activity/exercise
In NAFLD, sedentary behaviours are common.159 Sedentary
behaviour refers to “any waking activity characterised by a low
level of energy expenditure in a sitting or reclining posture”
(e.g. watching television, using a computer, travelling by car or
bus).160 Research has identiﬁed sedentary behaviour as an independent risk factor for NAFLD,161–164 modulating the development and progression of the disease. A 1.15% increase in liver
fat was associated with each additional hour of time spent
sedentarily per day.157,165 Decreasing overall sedentary time
and breaking up sedentary time throughout the day is a useful
treatment strategy for all people with NAFLD/NASH and may be
more achievable initially than increasing physical activity
levels (Box 13).
Population-based studies have shown that physical activity is
effective in reducing liver fat.166–168 It is also effective in reducing
the risk of other comorbid metabolic diseases such as T2D, CVD
and obesity. Physical activity is also likely to reduce the loss of
muscle mass that is commonly observed in NAFLD.169,170 There is
increasing insight that this low muscle mass or sarcopenia plays

Box 13. Sedentary behaviour, physical activity and exercise.

Sedentary behaviour refers to any waking activity characterised by a low
level of energy expenditure and a sitting or reclining posture (e.g. watching
the television, using a computer, travelling by car or bus).
Physical activity is any body movement that requires you to use more
energy than resting, and it incorporates many of the activities carried out
as part of the daily routine e.g. housework, walking up/downstairs, gardening.
Exercise is a subcategory of physical activity in which planned, structured
and repetitive movements are performed to maintain or improve fitness.
Aerobic exercise (“cardio”) strengthens your heart and lungs and
improves the way your body uses oxygen. It normally uses the large
muscle groups, is rhythmic in nature and can be maintained for at least 10
minutes. Examples include brisk walking, swimming, cycling, dancing.
Resistance exercise strengthens the muscles and improves muscle tone
and bulk. It includes any exercise where the muscles contract against a
force and can include lifting weights, use of resistance bands or pushing
against your body weight.

a role in the severity of NAFLD and the complications that come
with the more severe stages of the disease.171–173
Both aerobic and resistance training are effective, but they
have different characteristics that make them suitable for
different patients: resistance exercise (“strength” e.g. lifting
weights or your own body, using elastic bands) might be
preferred if you have poor ﬁtness and cannot tolerate or
participate in aerobic exercise (“cardio”, e.g. brisk walking,
jogging, cycling, swimming, dancing).174–176 This is good news as
it allows you to select the type of exercise that appeals to you
most.174 However, often a combination of aerobic and resistance
exercise provides the greatest health beneﬁts.177
Guidelines recommend over 150 min/week of moderate intensity physical activity over 3-5 sessions13 including a combination of aerobic and resistance training.160,165 The effects on
liver fat follow a volume-response relationship:178 higher volumes of physical activity/exercise are also associated with
greater weight loss and systematic improvement of comorbidities.179 The latter includes the possibility that even T2D can
completely regress.180
Many people with NAFLD have difﬁculty increasing physical
activity/exercise levels as a treatment for their liver disease181
and strategies to improve adherence to physical activity/exercise interventions are needed.182 Some people prefer to plan and
structure their own physical activity sessions183 rather than
attending supervised, group-based exercise sessions184 whereas
others prefer to undertake physical activity with others in a more
supervised setting.185 It is therefore important to have as many
options available as possible.
Ultimately, your physical activity/exercise programme needs
to be tailored to your needs and preferences, taking into account
your baseline ﬁtness and other health conditions. The more done
overall throughout the day, the better, so it really is key to ﬁnd
something that you enjoy!
e. What should a normal-weight person with NAFLD do?
NAFLD can develop in people with a normal BMI (<25 kg/m2 BMI
in Caucasian, and <23 kg/m2 in Asian individuals) (See also
section 3.a). Sometimes these patients have greater “visceral”
obesity (abdominal fat – an apple body shape) and decreased
muscle mass,186 and thus normal-weight patients are not always
metabolically healthy. So, they can beneﬁt from increasing their
physical activity/exercise levels which decreases abdominal fat
and increases muscle mass independent of weight loss.174,177,187
Normal-weight patients with NAFLD will also beneﬁt from
reducing their intake of dietary fructose, sugared-sweetened
beverages, saturated fats and processed foods.188 Switching to a
Mediterranean diet without weight loss can help reduce liver fat
and a modest 3–5% weight reduction can help to achieve NAFLD
remission.125
f. How can I change my diet and increase my physical activity/
exercise levels?
Dietary change and physical activity/exercise are key components of any lifestyle change package for people with NAFLD, not
just to improve liver health but also to support weight loss and
reduce the risk for other chronic diseases.189,190 Tailoring this to
your personal preferences, daily routine and baseline ﬁtness is
essential for long-term success.187,191,192 Find something you
enjoy and, if possible, ﬁnd someone who will support you in
making these changes – having a “buddy” is known to increase
motivation and long-term adherence (Fig. 10).
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Setting SMART (speciﬁc, measurable, achievable, relevant,
timely) weight loss and/or physical activity goals can help you to
initiate and maintain changes.187 An example of a SMART exercise goal could be to swim 10 lengths, twice a week at the local
pool for the next month. Another example of a SMART dietary
goal could be to stop buying sugar-sweetened beverages for the
next four weeks.
Monitoring the changes you make can help to keep you on
track and help you to assess whether you are meeting your
personalised targets. For example, keeping a food diary and/or
counting your daily calories using a smartphone app or internet
website; using a pedometer/activity tracker to measure your
daily step count; weighing yourself regularly to monitor weight
loss.
Your healthcare professional may be able to direct you to
appropriate exercise schemes, community gyms, walking groups
or weight management programmes in your local area. They may
also be able to advise on relevant online/digital resources to
support you in making changes to your diet and/or physical activity patterns.

g. How should I maintain lifestyle modiﬁcations longer term?
The strategies to implement an intensive lifestyle intervention
vary widely among studies, from mere prescription of diet and
physical activity/exercise, to nutritional/exercise counselling, to
cognitive behavioural treatment.193 Cognitive behavioural treatment is a treatment that has been designed to provide you with a
set of principles and techniques to modify your eating and activity habits.183 This has been derived from the treatment of
obesity. The intervention integrates cognitive strategies (e.g.
problem solving and cognitive restructuring) with speciﬁc recommendations on diet and physical activity/exercise and is often
referred to as “lifestyle modiﬁcation”.194 The critical issue is
engaging patients into structured intensive lifestyle intervention
programmes, where strategies should include motivation, a
collaborative therapeutic style, acceptance and empathy, functional analysis of pros and cons, roll with resistance and support.195 However, intensive lifestyle intervention requires a
dedicated team and continuing patient/therapist interaction.
Unfortunately, this is something that is not widely available and
is generally poorly supported by the healthcare system.
The possibility to educate, counsel and induce permanent
changes in people with NAFLD via an internet-based approach
and self-management programmes have been explored in
several settings.196–198 The most recent approaches allow for
interaction with therapists and with peers in discrete groups. In
general, internet-based programmes are less effective than faceto-face programmes, but their effectiveness may be increased by
telephone recall systems199 or text messages.200 The reduced
effectiveness and larger drop-out rate are repaid by reduced
costs and by the much larger audience.201,202 In young, motivated
patients with NAFLD, similar weight loss targets, dietary adherence and physical activity were achieved, and maintained at 2year follow-up, with a web-based programme or a group-based
educational approach.203
Finally, very few studies have directly compared intensive
lifestyle interventions and drug treatment (using drugs approved
for obesity or T2D) in patients with NAFLD. A study did not
demonstrate any difference between liraglutide (3 mg/day) and
intensive lifestyle intervention on weight loss, liver blood tests
and markers of ﬁbrosis.204 Intensive lifestyle intervention was,

however, associated with more sustained weight loss maintenance and less liver fat re-accumulation at follow-up.205
There is an increased understanding that environmental factors can make it difﬁcult for patients to change their lifestyle and
lose weight. Examples of these factors are the fact that sweets
are cheap and readily available at every kiosk or supermarket,
with widespread advertising on the television and internet. It is
also difﬁcult for patients living in a surrounding where several
people eat and live unhealthily. Policy measures to create a
healthier environment and to support a healthy lifestyle are
acknowledged in a recent EASL statement on NAFLD and
obesity.190 This statement aimed to inform politicians, policymakers and the general population across Europe about NAFLD
and the measures required for prevention and treatment.
h. What is the role of bariatric surgery?
Bariatric surgery very effectively achieves weight loss and weight
loss maintenance in patients with obesity.191 The effect of bariatric surgery on body weight largely exceeds the 10% weight loss
target associated with liver fat clearance, NASH resolution and
ﬁbrosis reversal, as reported in several studies.124 Accordingly,
surgery offers a possible treatment to manage NAFLD and
improve clinical outcomes if you are living with severe obesity.
The agreed criteria for the surgical management of obesity and
2
2
metabolic disorders (BMI >
−35 kg/m with
−40 kg/m or BMI >
complicating disorders, with no resolution after medical treatment) are also applicable for NAFLD.191 Patients with a BMI of
30–35 kg/m2 who also have T2D that is not adequately controlled
by medical therapy may also be candidates for surgery.206 Laparoscopic Roux-en-Y-gastric bypass and sleeve gastrectomy are the
most performed surgical procedures.207–209 Both procedures have
good effects on body weight and diabetes remission.210–215 In
addition, gastric bypass relieves gastro-oesophageal reﬂux, which
may be worsened by sleeve gastrectomy.210,211 Long-term studies
showed that bariatric surgery may reduce the risk of heart disease/
stroke and improve survival.212,216
The evidence speciﬁcally supporting bariatric surgery in
NAFLD is exclusively derived from observational studies.217 In
these studies, liver biopsies were performed during the surgery
and during follow-up.216,218 In a large series, improvement in the
liver lesions of patients with NAFLD, including a reduction in
ﬁbrosis, was associated with 5-year post-surgery weight loss.209
Notably, patients whose NASH persisted one year after surgery
had less weight change on average (BMI, -9.1 ± 1.5 kg/m2) than
those who no longer had NASH (-12.3 ± 0.6 kg/m2). This means
that liver improvement and the magnitude of the weight loss go
hand-in-hand.123 Economic analyses have shown that the surgical treatment becomes cost-effective in people with a high risk
of progression (F3 ﬁbrosis).219 In a retrospective analysis of a
large insurance database, patients with NAFLD and obesity who
underwent bariatric surgery had a 70% reduced risk of progressing to cirrhosis vs. matched cases not receiving surgery.220
Other studies did not conﬁrm this and suggested that alcohol
consumption may undo the beneﬁt of surgery in preventing
severe liver disease.221
Cirrhosis is not an absolute contraindication to bariatric surgery, but a precise evaluation of hepatic and cardiovascular
function should be performed prior to surgery.222 Considering
the negative impact of obesity on liver transplantation, reports of
bariatric surgery before or at the time of transplant have recently
been published.223 Carefully controlled studies are needed to
determine the best timing for the bariatric procedure and liver
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transplantation in patients with obesity and NASH-cirrhosis
needing a transplant.224,225 These cases are recommended to
be referred and treated in expert centres. Besides surgery, other
techniques, such as endoscopic techniques, are under evaluation
with the aim of reducing weight and/or improving metabolism
(particularly diabetes).226 Further studies are needed to conﬁrm
the efﬁcacy of these techniques and to determine their role in
combatting NAFLD.
i. Tips on managing fatigue
We all experience tiredness at times, which can be relieved by
sleep and rest. Fatigue is overwhelming tiredness that is not
relieved by sleep or rest. Fatigue is a symptom of NAFLD that can
be improved with weight loss.66 If you suffer with fatigue, it is
important for you to make the recommended lifestyle changes
that are detailed in Section 6 and keep a note of how this affects
your fatigue levels. Fatigue can also be explained by other causes
such as thyroid issues, anaemia and diabetes, and so it is
important that these are checked and well controlled.
Tips for managing fatigue:
 Losing weight can improve your ability to perform day-today activities more easily with less effort
 Eating healthily and keeping hydrated can improve your
energy levels
 Keep active – it is probably the last thing you feel like doing,
but regular physical activity/exercise can help improve your
energy levels
 Take advantage of short cuts – there are lots of things you
can do to make your life easier such as online shopping or
cooking extra food and freezing it, so you have effort-free
meals waiting in your freezer
 Plan rest time – if you have a busy day or activity ahead, plan
some rest time afterwards

j. What is the role of alcohol in disease occurrence and disease
progression? Is there a safe limit and if yes, what is that?
It is important to note that NAFLD is not caused by alcohol,
although high alcohol consumption can worsen the problem.24,36
Anyone with cirrhosis should avoid alcohol since any regular
alcohol consumption puts them at signiﬁcantly greater risk of
developing liver cancer.12,148,227 However, uncertainty remains
regarding moderate alcohol consumption (up to 2 drinks per
day) among patients without cirrhosis. At the population level,
the combination of alcohol and obesity increases the probability
of developing NAFLD and increases the severity of liver disease,
reﬂecting a synergistic effect.33,36,228–231 A large cohort study
from the U.S. reported that patients with NAFLD who drank more
alcohol than the threshold of >
−3 drinks/day for men and >
−2 for
women, were 3x more likely to have advanced ﬁbrosis than
those with NAFLD alone.34,228 In addition, overall mortality was
higher in adults with NAFLD who consumed excess alcohol.34,232
Importantly, even mild-to-moderate drinking (<210 g/week) has
been found to increase the risk of NASH, ﬁbrosis, decompensated
liver disease, mortality, and liver cancer.34,230,233–237
International guidelines differ in their recommendations on
alcohol consumption for people with NAFLD. The EASL-EASDEASO Clinical Practice Guideline13 for the management of
NAFLD recommends keeping daily alcohol intake below the risk
threshold (30 g for men; 20 g for women) and total abstinence if
you have NASH-cirrhosis to reduce the risk of HCC. The ESPEN

Guidelines recommend all people with NAFLD/NASH be
encouraged to abstain from alcohol in order reduce the risk of
comorbidities and to improve liver blood tests and liver tissue
lesions.148
It is important to stay within the guidelines, not only for your
liver health but especially if you are trying to lose weight, as
alcoholic drinks contain many “empty” calories, which have no
nutritional value. With a pint of lager containing the same
number of calories as a slice of pizza, the calories in alcohol soon
add up. You might be surprised to ﬁnd out how many calories
there are in wine and how spirits like gin could be contributing
to weight gain.
You can check how many units of alcohol you drink per week
(and how many calories this adds up to) using the online
calculator at (1 unit = 8 g of alcohol): https://www.drinkaware.
co.uk/understand-your-drinking/unit-calculator
k. What about smoking?
Smoking should be discouraged if you have NAFLD, as it has a
negative inﬂuence on NAFLD238–240 and can accelerate disease
progression either by itself or synergistically with other risk
factors. In current smokers, the risk of NAFLD increases with an
increase in the number of cigarettes smoked in a dose-response
manner.238,239,241 An interaction was observed between current
heavy smoking and moderate drinking (80 to 210 g/week) on the
odds of developing NAFLD. The combination of both behaviours
led to the highest risk of NAFLD.241–243
Importantly for people with NAFLD, smoking is associated
with the progression of liver scar tissue.242–244 A large cohort
study of >400,000 people living with T2D demonstrated that
smoking was associated with a 60% increased risk of severe liver
disease during follow-up.244–247 Smoking is also an extremely
important risk factor for liver cancer,245–247 increasing the risk by
about 50% among current smokers compared to never smokers,
independently of alcohol consumption.246,247 In Europe, smoking
contributes to nearly half the cases of liver cancer, which is
actually more than hepatitis B and C viruses.246,248 Unsurprisingly, smoking is related to an increased risk of CVD in people
with NAFLD, with a 33% increased risk after taking into account
other risk factors.3,248 The role of the electronic cigarette is not
clear. Cases of a toxic injury to the liver have been described, but
no studies in relation to NAFLD have been reported.

7. What drugs can help?
Despite intensive research and investment by drug companies,
there are currently no drugs speciﬁcally approved by regulatory
agencies for the treatment of NAFLD.
a. Some general considerations: why is it difﬁcult to ﬁnd
drugs that are highly effective?
The mechanisms explaining why the disease occurs are very
complicated. Your liver has an extraordinarily complex set of
functions. Several types of cells help your liver to accomplish its
role, but also help to restore your liver when it gets damaged (see
Section 1.a). With all these cells and all these functions, something can go wrong. Furthermore, your liver receives signals and
molecules from other organs, most notably from your fat tissue
(Fig. 2). If the abdominal fat tissue is overwhelmed then excess
fat will be forced to go elsewhere.3,37 Furthermore, the abdominal fat tissue gets inﬂamed and damaged. Consequently, it releases noxious substances that will directly reach your liver via a
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large connecting blood vessel, the portal vein. This portal vein
also directly brings the components of the digested food absorbed by the gut to your liver. It also brings along numerous other
elements, such as pieces of bacteria that are living in the gut. All
this results in a very complex system of interactions between the
liver and other organs, and between cells and functions within
the liver (see Section 1.c).
This also means that the mechanisms leading to disease will
differ between patients, which implies that a drug may work in
one patient but not at all or not so well in another patient. As
explained before, metabolic problems, and especially the
impaired function of fat tissue, are major drivers of the disease
(see section 1.c). For this reason, some drugs will focus on fat
tissue function and on the mechanisms involved in the regulation of fat and glucose, so on metabolic targets. Other drugs
may target inﬂammation or the formation of scar tissue
(ﬁbrosis).249,250 It is clear that many different drugs, with many
different targets, could be of interest (Fig. 12).
b. How can you test whether a drug is effective? What is
required for a drug to be approved?
A drug should demonstrate what is called clinically meaningful
beneﬁt, which means that you must see an improvement in the
course of the disease (in this case: less evolution towards
cirrhosis and the complications of cirrhosis, less HCC or less
deaths from any cause).56,251 Studies must follow stringent scientiﬁc methodology. As the evolution of this disease is rather
slow, this beneﬁt is difﬁcult to show in studies of relatively short
duration. Studies may thus take many years before this type of
beneﬁt can be unequivocally proven.

Metabolic drivers
Outside the
liver
Inside the
liver

Damage/inflammation
Repair & fibrinolysis

Formation of scar
tissue (fibrosis)

In this situation, where you need studies that take many years
to prove efﬁcacy of a given drug, the regulatory authorities can
approve a drug based on so-called surrogate endpoints.58,252
Surrogate endpoints are indicators of improvement that are
likely to translate, later on, into real clinical beneﬁt for you. Examples of such surrogate endpoints could be lab tests, or, in the
case of NAFLD, improvements on liver biopsy. Currently, clinical
trials focus on patients with NASH and ﬁbrosis (Box 14) (see
Section 7.c). As the information that the biopsy delivers cannot
entirely be replaced by accurate NITs, the efﬁcacy of a drug will
need to be proven by repeat liver biopsy. A study can rely on NITs
like liver blood tests or liver stiffness or markers of ﬁbrosis in the
early phases of the investigation of a drug. These early studies
help to decide whether it is interesting to go on with that drug to
the next phase. But in a later phase of development of a drug,
Box 14. Clinical trials for drug development NAFLD and NASH.

• Phase III trials are large clinical trials that are the last step in drug
development before the company that produces the drug can ask the
regulatory authorities to approve the drug so that it can come on the
market.
• Because on average NAFLD/NASH evolves slowly, it will take many
years before a drug can show that it reduces the number of cases of
cirrhosis and cirrhosis-related severe problems of liver decompensation
and failure.
• Therefore, in order to have drugs available to treat patients on time, it is
possible to go for an approval based on an analysis of efficacy of the drug
on what is called a surrogate endpoint. This means that the drug improves
a parameter or a feature of the disease that is predictive of later true benefit.
• For NASH, improvements in liver biopsy are accepted as surrogate
endpoints. This means that a drug needs to show improvement on the liver
biopsy before approval can be granted. Therefore, in Phase III trials, there
is always a liver biopsy after a period of time to see whether the liver
improves, at least under the microscope.
• Currently, resolution of NASH without worsening of fibrosis and improvement of fibrosis without worsening of NASH are the two “endpoints” or
positive effects that are considered a demonstration of drug efficacy by the
regulatory authorities.
• Resolution of NASH means improvement of the inflammation to the point
where it is not NASH anymore. It requires the ballooning, a typical swelling
of the liver cells as a sign of damage, to have completely disappeared.
Furthermore, fibrosis should not have worsened.
• Improvement or regression of fibrosis means that there is a reduction in
the amount and/or pattern of fibrosis, going at least one stage down the
scale. This criterion also includes “without a worsening of the inflammation”
as a prerequisite, so fibrosis regression alone is not enough.

Fig. 12. The liver lesions in NAFLD are the result of an imbalance between
what is damaging the liver on the one hand and leading to the formation
of scar tissue (ﬁbrogenesis) on the one hand, and the repair mechanisms
on the other hand. The imbalance is the result of upstream driving forces,
pushing the progression of the disease. These driving forces are processes of
cell damage and inﬂammation inside the liver (steatohepatitis) but also
outside the liver (amongst others, the fat tissue inside the bowel cavity). These
mechanisms are themselves driven by the upstream metabolic factors (excess
calorie intake in combination with too little physical activity, leading to
overweight and obesity, diabetes.). All these different factors can be the
target of drugs that are being developed to treat NAFLD. NAFLD, non-alcoholic
fatty liver disease

• For patients that already have cirrhosis, it might be difficult to show
improvement on the liver biopsy. For these patients, sometimes other
criteria to judge whether a drug has a benefit, can be accepted by the
regulatory authorities.
• It is possible that in the future it will also be possible to demonstrate
efficacy of a drug based on NITs, but for the time being, this is not the case
for phase III trials.
• The approval of a drug based on the results on the liver biopsy is anyhow
conditional: this means that the studies need to go on, even after the
control biopsy, for many years until benefit on the true clinical events can be
demonstrated.
NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis;
NIT, non-invasive test.

JHEP Reports 2021 vol. 3 j 100322

22

before a drug can be approved by the authorities and be brought
to the market, you need a phase III trial proving, on a liver biopsy,
that the drug works.
“A drug works” can have several meanings in this case.58,250 A
ﬁrst possibility is that there is an improvement of the steatohepatitis to the point where it is not steatohepatitis anymore.
This is called resolution of NASH. This is a positive endpoint, at
least if there is also no worsening of ﬁbrosis at the same time.
Resolution of NASH also requires that the ballooning, which is
the typical swelling of the liver cells as a sign of damage, has
completely disappeared.58
A second possibility is that there is a reduction in the amount
of ﬁbrosis. This is called regression of ﬁbrosis and is deﬁned as
going at least one stage down the scale. It also requires that
steatohepatitis does not get worse at the same time.58
An even better goal of treatment is the combination of both
these improvements in the same patient: resolution of NASH and
improvement in ﬁbrosis.
If the biopsy in phase III shows improvement according to
what has been deﬁned, approval can be applied for and, if
approved, the drug can be marketed.58,250 This approval is not a
deﬁnitive, ﬁnal approval, but a conditional one. Why is this? It
seems plausible that improvement on the liver biopsy will also
lead to a lower risk of developing cirrhosis and other liverrelated clinical events later on. This positive link between the
improvements in liver biopsy and your long-term outcome has,
however, not been scientiﬁcally proven. Therefore, the phase III
trials currently go on beyond the ﬁrst treatment period and ﬁrst
control biopsy. The long-term phase of these studies is meant to
see whether patients in the end really do better and develop less
disease events. But this will require many years of study. It will
only be based on these end-of-study results on true clinical
events that ﬁnal approval can be granted.
A broad range of drugs are under investigation. This is indeed
a ﬁeld of very active research. As an increasing number of clinical
studies are running and results are reported, recommendations
may rapidly change. Information on which clinical trials are
ongoing can be found on http://www.clinicaltrials.gov.
c. Should all NAFLD/NASH be treated?
In general, all metabolic factors surrounding NAFLD, and NAFLD
itself, contribute to an increased risk of dying from several
different causes. CVD and cancers are the most frequent causes
of death (see Section 2.a and 2.b), adding to liver disease-related
events.54,253,254 It is, however, clear that more severe NAFLD is
associated with a higher risk of adverse outcomes. Furthermore,
more severe NAFLD also has a greater impact on quality of life,
potentially long before any overt disease develops (see Section
2.d).66 Therefore, treating all the metabolic factors associated
with NAFLD, and trying to improve NAFLD using the lifestyle
modiﬁcations described, is recommended in any patient
regardless of disease severity.13,14,255
However, when it comes to the question of starting drug
treatment speciﬁcally for NAFLD, the current consensus is the
following: this is indicated in patients with NASH, particularly in
those with more disease activity and with some scar
tissue.13,14,56,58
In case a liver biopsy is used to decide whether a drug is
needed or not, treatment is indicated when certain conditions
are met. First there must be NASH. The NASH must have a certain
degree of activity, so very mild disease probably does not warrant drug treatment.58 There also needs to be a certain severity,

so a certain stage of scarring. This usually means a stage of F2 or
more on the most widely used F0 to F4 scale, but other scales and
hence other deﬁnitions can be used. The presence of scar tissue is
regarded as a sign that the liver is not able to cope with the
damage that has occurred.
When there is no biopsy, severity criteria based on measures
of liver fat or liver stiffness are mostly used as a proxy of the liver
biopsy data. This can be based on blood tests, ultrasound, MRI or
other test modalities (see Section 5). Currently there is no single
set of criteria that are agreed upon worldwide, and so many
different (sets of) test criteria are in use.
The place of other treatment modalities, such as endoscopic226 or surgical weight-reducing interventions,208 is not
clear and probably should follow the same principles as those for
drug treatment. Of course, if such a procedure is indicated for an
associated problem such as obesity and T2D, your liver could also
beneﬁt from this procedure, but liver disease cannot be considered the standalone reason to perform such a procedure.
d. Do we already have drugs that can be used?
Some drugs that are used to treat other conditions have also
been tested for NASH. Based on their effects demonstrated on
liver biopsy, the following drugs seem to have some efﬁcacy.
Vitamin E showed promise, but only in patients without cirrhosis
and without T2D.256,257 Pioglitazone, which is approved for the
treatment of diabetes, showed promise for NASH in patients with
diabetes and pre-diabetes.256–259 Liraglutide and semaglutide are
approved for the treatment of obesity and for diabetes and have
also proven to be of value in NASH.260–262
Pioglitazone
Pioglitazone is an anti-diabetic drug able to modulate several
responses, including insulin sensitivity.263 Several studies and a
meta-analysis have consistently demonstrated an improvement
in liver blood tests and in liver biopsy features following pioglitazone administration at doses of 30-45 mg/day vs. placebo,
irrespective of the presence of T2D.257,258,264–266 In the PIVENS
trial, pioglitazone was compared with placebo and vitamin E.267
Pioglitazone signiﬁcantly reduced liver blood tests, steatosis and
liver cell damage and inﬂammation.267 Pioglitazone (45 mg/day)
was particularly effective for the treatment of NASH in patients
with pre-diabetes or T2D.258 In a very recent global analysis of
the different studies that have been reported, pioglitazone
treatment was associated with NASH resolution.3,268–270 There
was also a trend for a decrease in the amount of scar tissue. The
analysis also showed that after discontinuation of the drug, the
levels of liver enzymes like alanine aminotransferase increased,
possibly signalling the recurrence of NASH.271 Notably, pioglitazone also has beneﬁcial effects on the cardiovascular system.272–274 Regarding adverse events, pioglitazone treatment
induces some weight gain269 and may also increase the risk of
non-osteoporotic fracture.269
The body weight increase induced by pioglitazone warrants
further discussion. It may seem contradictory that losing weight
can improve the condition of the liver, while a drug that increases weight can also have a positive effect on the liver. This
can be explained by the balance between the calorie overload
and the capacity of the fat tissue to handle this. If the calorie
overload exceeds the storing capabilities of the fat, the fat tissue
gets inﬂamed and dysfunctional. As a consequence, the fat releases substances that damage other organs and forces the fat to
go elsewhere, including the liver.3 Reducing weight by lifestyle
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modiﬁcation is one way to tackle this problem. Another way,
which is what pioglitazone does, is to improve fat tissue function.275 Thanks to this effect of the drug, the “good” fat tissue,
meaning the subcutaneous fat tissue, can expand. This allows fat
to shift from the abdominal fat and other body areas to the
subcutaneous fat. The expansion of the subcutaneous fat leads to
weight gain. This weight gain is in this case a translation of
metabolic improvement and goes along with improving, and not
worsening, liver lesions. The aspect of weight loss or increase
should hence be interpreted in the context of how the drug
works.
Vitamin E
Vitamin E has anti-cell death and antioxidant properties.
Therefore, it has been proposed for the treatment of NAFLD, but
the results of different studies are not always in line.266 In the
PIVENS trial at the dose of 800 international units (IU)/day,
vitamin E was signiﬁcantly better than placebo at improving
steatohepatitis, but it had no signiﬁcant effects on ﬁbrosis.267
According to this data, the use of vitamin E is indicated by the
U.S. guidelines in patients with biopsy-assessed NASH, without
T2D or cirrhosis.14 This recommendation is not shared by the
European guidelines.13 A very recent study concluded that only a
combination therapy of vitamin E (800 IU/day) and pioglitazone
(45 mg/day) achieved the most challenging targets of reducing
liver cell damage and inﬂammation. However, ﬁbrosis did not
improve.257 An old global summary analysis of studies using
vitamin E reported that a dose of 800 IU/day was associated with
increased all-cause mortality. This potential safety issue is not
supported by recent data276 that did not ﬁnd such an association
between vitamin E and mortality. Vitamin E remains the treatment of choice for paediatric NAFLD.277
Liraglutide, semaglutide and other glucagon-like peptide-1 receptor
agonists
Liraglutide is a glucagon-like peptide-1 receptor agonist (GLP1
RA). Glucagon is an important hormone in the regulation of
energy handling in your body. GLP1 RAs are a class of drugs that
improve control of your blood sugar, cause weight loss and
improve blood lipids. They also improve cardiovascular outcomes.278 Therefore, they are approved for the treatment of
diabetes and obesity. Liraglutide is one of these GLP-1 RAs and
has been tested at a daily dose of 1.8 mg in a small 1-year
study.260 NASH resolved signiﬁcantly more frequently in
liraglutide-treated patients than placebo-treated patients.
Treatment with liraglutide also led to a trend in improvement
of ﬁbrosis stage. The same holds true for semaglutide, which
was already shown to improve liver blood tests in patients
with T2D and obesity.261 Semaglutide was tested at several
dose regimens for a treatment period of 1.5 years. NASH
resolved signiﬁcantly more frequently in patients treated with
the higher doses of semaglutide than in patients that received
placebo.262 Fibrosis also tended to improve, but this result
was not strong enough to be considered as a positive endpoint of
the study.
One can consider using these drugs if you meet the diagnosis
for which these drugs are approved by the regulatory authorities. For example, if you are living with T2D, it could be
worthwhile to consider including pioglitazone or GLP1-RAs in
the treatment of your T2D, as they are also beneﬁcial for your
liver. This needs to be discussed with the doctors that treat your
diabetes.

Other anti-diabetic drugs might also be of beneﬁt, but there is
currently no liver biopsy-based proof of their efﬁcacy.279,280
e. When will we have speciﬁc anti-NASH drugs?
A lot of drugs are currently being tested in clinical trials, but
none have been approved so far. It is unclear when drugs will be
ready to enter the market. Some studies of molecules that looked
promising were negative, meaning that they did not reach the
level of efﬁcacy that was required. Other drugs showed promise,
but a successful phase III study is needed before a drug can apply
for approval by the regulatory authorities. Measures of success
take into account improvements of the liver as well as the side
effects of the drug. So far, only one drug reached the target of
ﬁbrosis regression in phase III but has to date not been approved
for the treatment of NASH.281 Many more drugs are under
investigation but did not achieve the required targets as of
2021.249,250

8. How should a patient be followed/monitored after
diagnosis?
a. Different paths according to severity
After diagnosis, it should be sufﬁciently clear which kind of
fatty liver disease you have (see Section 5). Fatty liver disease
can be classiﬁed into different degrees of severity (see Section 2
and 5, Fig. 4). Depending on the severity of the problem, a
different route of care is recommended. The following recommendations are just indicative of a general policy that could be
followed, as there are no universally accepted rules on this
issue.79
b. NAFL (isolated or simple fatty liver [steatosis]):
In this case, the fatty liver should be examined periodically. As
mentioned, there is no consensus yet on how frequently this
should be done, but at least every two to ﬁve years seems a
reasonable proposal to determine whether the fatty liver has
worsened, remained the same or even improved. If you have
concomitant conditions such as diabetes or heart disease, you
should discuss with the doctor whether the examination interval
should also take place annually. As a rule, a family doctor or a
specialist can carry out the regular examination.
c. NASH with no or minimal ﬁbrosis (ﬁbrosis below F2):
If you have low-level inﬂammation and no/minimal ﬁbrosis, a
recommendation to have your liver examined at least once a
year or every two years seems reasonable. If you have a
concomitant disease such as diabetes or heart disease, you
should discuss with the doctor whether the examination interval should instead take place more frequently, e.g. every six
months. The examination should normally take place with a
specialist.
d. NASH with signiﬁcant ﬁbrosis (ﬁbrosis equal or higher than
F2):
If you have severe inﬂammation, it is recommended that the
examination interval be conducted at least once a year (probably
better every 6 months). In case of diabetes or heart disease, you
should discuss whether the examination interval should also be
shorter. In addition, it is important that you are also regularly
examined for liver cancer (HCC monitoring). The examination
must be carried out by a specialist or in a specialised clinic for
this purpose.
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e. NASH (cirrhosis):
In the presence of cirrhosis, an examination interval of at least
every six months is strictly recommended.13,14 The interval may
also be shorter (e.g. every three months). In addition, it is
important that you are also regularly examined for liver cancer
(HCC monitoring). In fact, this should be part of the 6-monthly
exam. The examination must be carried out by a specialist or
in a specialised clinic for this purpose.
f. How is the monitoring performed?
The monitoring is usually carried out by blood tests (preferably
combining clinical and blood tests into non-invasive surrogate
markers, i.e. NITs), ultrasound and elastography. A biopsy is
usually not part of the monitoring. Many NITs and monitoring
methods are currently under development (see Section 5), with
the objective of determining the state of the liver as precisely as
possible while being non-invasive.
g. What is important between the examination intervals?
The doctor will have discussed a speciﬁc therapy with you. For
the success of therapy, it is crucial that you adhere to the recommendations of the clinical care team. This is not always easy,
so it is advisable to let your family, partner or friends know what
the clinicians have recommended. With this information, they
can help you to implement changes and motivate you to get
better. It is also helpful to contact a self-help and/or patient
group to look for like-minded people. Involvement of your
partner or a family member can also be very helpful and supportive. Lifestyle modiﬁcations recommended by your clinical
team may be easier to implement in a group than alone. Please
also inform your clinicians if you are being treated for other
illnesses.
Information from the internet can also be helpful, but you
should always be careful who has published/written the information. Only trust the information from credible sources – if in
doubt, ask your clinical team for signposting to recommended
resources.
It can also be helpful to keep a diary. This allows you to record
changes that you can later report to your clinicians. You can also
record which recommendations were easy or difﬁcult to implement and thus seek help in a targeted way.
h. What are the potential effects of treatment on your healthrelated quality of life?
Once you have started a treatment and have good adherence, the
effect on your quality of life can be signiﬁcant. The impact is, for
example, signiﬁcantly noticeable whenever weight loss is achieved. But more studies on the individual health-related quality
of life must be set up to develop strategies to improve quality of
life with treatment. Treatment here encompasses both nonmedical (lifestyle) and medical (drug) treatment. Speciﬁc
NAFLD/NASH questionnaires have been developed to get further
insight into your health-related quality of life.62 Their use should
be encouraged to assess and monitor quality of life, both in
routine care as well as in clinical trials.
i. How can the severity of my disease be monitored over time?
We refer to Section 5.d subsection “Baseline assessment vs.
follow-up”. Brieﬂy, the techniques to non-invasively estimate the
degree of steatosis, the stage of ﬁbrosis or the activity of the
steatohepatitis, have mainly been studied in what is called a
cross-sectional analysis, meaning that they are tested and

compared to the biopsy at one point in time. How changes in
these parameters correspond to a change in liver health is not
well understood. Although it makes sense to think that, for
example, a decline in liver stiffness over time should correspond
to a reduction in the amount of ﬁbrosis, there is still very little
scientiﬁc proof for that. Much more research is needed to know
exactly what it means if non-invasive markers change over time.
Despite these limitations and knowledge gaps, these NITs are
already frequently used. Until more data are available, their
interpretation over time should be made with caution. One
should also not forget the variability of the tests. Before drawing
any conclusion based on an increase or a decrease of a given test
over time, a repeated measurement is advisable. At best, any
change over time can currently only be considered as a potential
indicator for a positive or negative evolution over time, but not
as a proof.
As mentioned in Section 8.a, it seems appropriate to check the
evolution of the disease over time. So, scheduling for follow-up
can be recommended, and you are advised to check with your
family doctor/GP or the team taking care of your management
how, with which tests and at what time interval your disease
should be monitored.
j. How can I as a patient monitor whether my treatment is
working?
There are two ways of monitoring the success of a treatment.
1st: your doctor will be checking regularly via blood tests,
ultrasound and/or elastography (e.g. Fibroscan®) to monitor the
success of treatment (see Section 5.d and 8.c). In this case you get
an idea of a change of the liver enzymes and the ﬁbrosis level.
The exact meaning of a change in these tests in relation to the
true severity of the disease is not unequivocally established. So,
even if tests improve and you could logically think this means
that the liver improves, this has not been scientiﬁcally proven
and hence needs to be discussed with your doctor. In this regard,
it is important to have a global look at different tests and not to
rely on a single test to draw conclusions.
2nd: You can monitor the success of a treatment by yourself. Of
course, you cannot do blood tests at home but there are many
ways to observe the effect of the treatment. The simplest way is to
regularly monitor your weight and your waist circumference. You
can note both in a diary and observe changes. Based on this data
you can also use the body mass calculator to work out your BMI
(Fig. 13). Another way is to observe your symptoms. If you have
symptoms like fatigue or a general discomfort you can write them
down in a diary. Additionally, you can monitor improvement of
your ﬁtness level. For example, you can write in your diary how
easy it is for you to go upstairs or to walk a speciﬁc distance. If you
have decided to go swimming regularly, write down how many
lengths you managed and how you felt afterwards.

9. Do I only need my doctor? What about a
multidisciplinary team (including heart/liver/
diabetes/obesity experts, dieticians/nutritionists,
physiotherapists/exercise specialists, psychologists,
GPs) to guide my treatment?
Around 80% of all patients with NAFLD/NASH also suffer from a
metabolic disease such as obesity, T2D or CVD – all are severe
diseases. Therefore, it is recommended that a multidisciplinary
team forms a “NAFLD/NASH-board” to discuss the best treatment
option(s) for your NAFLD/NASH and your other health
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Waist circumference measurement

Incorrect

Correct
at the belly button
BMI
<18.5
Underweight

18.5-24.9
Normal

25-29.9
Overweight

30-34.9
Class I obesity

35-39.9
Class II obesity

>40
Severe obesity

Fig. 13. Illustrates how you can measure your waist circumference. It also shows you the weight classes based on BMI. You can easily calculate your BMI by
dividing your weight (expressed in kg) by your height (expressed in cm) squared or you can use online calculators. BMI, body mass index.

conditions. Treating one condition in isolation could potentially
aggravate the others. If all disciplines work closely together, you
will have a more holistic treatment package. This can help you to
adhere to the recommendations. Also, you do not always have to
visit different healthcare professionals or report what the other
doctors have advised.
The family doctor/GP should be included in the multidisciplinary team. They are important from the outset, identifying the
different problems, and helping to monitor disease progression.
The family doctor/GP performs a pivotal role as the “navigator”
throughout your NAFLD/NASH treatment.
It is also important to consider adding a psychologist into the
multidisciplinary team. Up to 20% of all patients with NASH have
depression, which can be severe. This should not be managed in
isolation but in line with the NASH treatment. This approach
should avoid unsuccessful treatment of one problem because
another problem is insufﬁciently treated, or because interventions on one problem do not take into account what is
needed for the other. Potential side effects of drugs used to treat
depression is just one of the aspects that need to be carefully
looked at. Lifestyle interventions can have marked beneﬁcial
impacts on mental health. Considering psychological and psychiatric problems is crucial to achieve long-term behaviour
change. Ideally, a combined approach should result in a greater
and sustained improvement of both conditions.

10. Self-management: Looking after yourself when
you have NAFLD
When you have NAFLD, the goal is to manage your symptoms,
and to prevent your health from getting worse. Although NAFLD
progresses very slowly, it is important to eat healthily and increase your physical activity/exercise levels (see Section 6). This
will help to improve the health of your liver and lower your risk
of worsening health.
As a person with NAFLD, you are at risk of several serious conditions including metabolic syndrome, T2D and CVD (see Section
1.c). It is important to work with your family doctor to check and
manage your weight, blood glucose, blood pressure and cholesterol
to reduce your risk of heart disease and T2D (see Section 6 and 9).
You may also be referred to an endocrinologist/diabetologist,
vascular doctor and/or cardiologist. This multidisciplinary team

may also have a dietician, a physiotherapist and/or a psychologist
(see Section 9). All are important for getting the NAFLD under
control.
a. Improve your overall health
With a proper diet and physical activity plan, you will maximise
your chances of improving your health and decrease the likelihood of missing signs of new diseases or complications (see
Section 6 and Figs. 8,9).
If you already have other health conditions, you should attend
all your medical appointments and look after yourself in between appointments.
Once you are diagnosed and begin to improve your health,
you can expect regular follow-up appointments to monitor your
NAFLD.
b. Diagnosing NAFLD
Current health
Your doctor will perform various tests to predict how your
NAFLD will develop and should adapt your treatment accordingly (see Section 5). It is impossible to guarantee that any prediction will be completely accurate, but it will be based on
scientiﬁc evidence.13,14,84,85
The test results can help your doctor determine 2 main
factors:
 The stage your condition has reached
 Improvements to your condition as a result of lifestyle
changes you have made (such as liver tests in your blood)
which may mean your condition is more likely to progress
more slowly, with mild symptoms (see Section 5 and 8.c).
These tests can also help doctors identify patients who may
be suitable to take part in clinical trials to better understand
NAFLD and ﬁnd potential treatments.58
You will also have a physical examination and discuss your
medical history.
Assessing the stage of your condition
Your doctor will ﬁrst assess the stage of your condition. At your
follow-up appointments, your doctor will look for any changes
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and make a personalised follow-up plan according to your disease stage and the severity of your symptoms.
Tests (see Section 5 and Figs. 8,9)
Your doctor should order some or all of the following tests,
depending on the severity of your condition:
 Blood tests: these should include alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase, gammaglutamyl transferase, bilirubin, albumin, and platelet count.
This provides your doctor with information about how your
liver is functioning and signs of damage.
 Ultrasound of the liver, which helps to assess structural abnormalities of the liver and is quite sensitive in detecting
liver fat.
 Elastography: this will provide a liver stiffness measurement,
which is a way of estimating the amount of scarring in your
liver.
 Liver biopsy: a small sample of your liver tissue is taken. It is
checked under a microscope and provides information about
damage in the cells of your liver.

c. After the diagnosis
There are currently no medications that have been speciﬁcally
developed and that are approved to treat NAFLD (see Section
7).250 Losing weight and doing more physical activity are critical
to manage NAFLD (see Section 6.d).
Members of the multidisciplinary healthcare team such as dieticians and exercise experts will advise you on how to lose weight
and do more physical activity, as this needs coaching and guidance
from a variety of experts in your hospital or local area. Some
hospitals offer special programmes and peer support groups.
Contact your doctor, nurse or another member of your
multidisciplinary healthcare team if you lose motivation or need
extra help. They may be able to signpost you to appropriate
exercise schemes, community gyms, walking groups or weight
management programmes in your local area. They may also be
able to advise on relevant online/digital resources to support you
in making changes to your diet and/or physical activity patterns.
Patient organisations may also be able to provide local information and resources about managing your weight, diet and
other medical conditions.
For more information about healthy eating, see section 6.d
and Figs. 9,10.
For more information about physical activity, see section
6.d.
You and your doctor and other members of your multidisciplinary healthcare team should make decisions together and
discuss the beneﬁts and risks of all your tests, procedures and
treatments.

explanations. Most groups also have a list of specialists so you
can identify one in your own town or nearby. Also, in special
cases, they have good information on NAFLD/NASH-related
specialists.
A list of patient self-help groups and patient advocacy groups
can be found in the appendix.
If you are more interested in medical information and you do
not have a problem reading scientiﬁc medical material, then you
can have a look at the websites of the national professional societies or on the webpage of regional umbrella organizations
such as EASL (www.easl.eu). Unfortunately, all the material is in
English only.

12. Particular situations and patient groups
a. Patients with NAFLD/NASH and psychological disorders
As already described, you as a patient have an active role in your
treatment. Lifestyle changes, such as more exercise, a balanced
diet and a reduction of body weight are part of therapy for
NAFLD and NASH. You may be aware of many things that are
perhaps less good for you, but years of everyday habits or trained
behaviour are not always easy to change. If there is an additional
illness that has a greater inﬂuence on the experience and the
inner drive, then it may only be possible to tackle changes in a
targeted manner with professional support. This is especially
true for patients with depression and mental disorders. To date,
this point has not yet been systematically recorded and considered in the assessment of patients diagnosed with fatty liver
disease. Depression is a disease in its own right, but initial
studies show that up to 25% of patients with NAFLD or NASH are
affected by some level of depression and/or an eating disorder.282,283 It is important for you as a patient to know that you
should speak openly with the doctors who are concerned with
fatty liver disease if you know or suspect that you are suffering
from a mental illness or even a disturbance of your eating habits
and you need support to implement medical recommendations.
At the same time, it is also important to look at possible causes of
depression or psychological impairment so that you can be
helped in a targeted manner. Here is just one example. Fatty liver
disease can bring along a symptom of fatigue (extreme tiredness,
exhaustion).66 Those who constantly feel tired and exhausted
may withdraw more from social life, blame themselves, fail to
cope with the demands of everyday life and develop bad
thoughts and feelings. Depression is then a possible consequence
of fatty liver disease. On the other hand, depression may have
existed for many years.283 Eating can be a means to compensate
for negative feelings, frustration, or fears. Body weight can increase and at some point, fatty liver disease results. There are
certainly other ways of describing how the interaction and increase in weight, fatty liver disease and psychological factors and
disease patterns are related. It is important for you to be as open
with the topic as possible, to ask for support and to approach
changes step by step.

11. Where can additional information be found?
Patient advocacy groups and patient self-help groups are excellent contact points. All of them have very well-educated consultants and those groups are available in many European
countries. Most groups have a helpline which you can use
without the time limitations you normally have at your doctor’s
appointment. You may also be able to call anonymously or
contact them via e-mail. These groups can provide easy to understand information and have websites with speciﬁc

b. Pregnancy in patients with NAFLD/NASH
If you have fatty liver disease and plan to become pregnant, you
should discuss this with your gynaecologist and inform them
that you have NAFLD or NASH.284 In the U.S., a study was conducted from 2012 to 2016 on a total of 18.5 million pregnant
women. The aim was to ﬁnd out how high certain pregnancy
risks are in comparison groups.285 In the evaluation, a distinction
was made between 3 groups of pregnant women. The ﬁrst group
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consisted of women without liver disease. The second group had
chronic liver disease (n = 115,210). The third group were women
with NAFLD (n = 5,640). It was shown that pregnant women with
NAFLD have a higher risk of developing pregnancy-associated
(gestational) diabetes compared to the control group (23 in
100 compared to 7-8 in 100). It was also found that pregnant
women with NAFLD are also more frequently affected by severe
pregnancy-induced increases in blood pressure (16 out of 100
compared to 4 out of 100 if there was no liver disease), of which
the HELLP syndrome is the most severe complication.
HELLP stands for haemolysis-elevated liver tests-low platelet
count. This rare syndrome is a life-threatening condition during
pregnancy, the course of which is difﬁcult to predict. This leads
to a dissolution of the red blood cells, increased liver enzymes
and a drop in red blood platelets. HELLP syndrome can result in
immediate termination of pregnancy.
Your gynaecologist should contact the doctor treating your
fatty liver disease and make an assessment of your possible individual risks of pregnancy. You should be informed in detail. In
addition, physicians should support you in reducing metabolic
risk factors, such as the existence of fatty liver, during a planned
pregnancy.
c. NAFLD/NASH in children
Various studies show that more and more children are severely
overweight and that fatty liver can develop in childhood.40,277,286,287 An unhealthy lifestyle, consisting of too little
exercise and a high level of sugary and fatty foods in the daily
diet also promotes the development of fatty liver in children.
Even though it is recommended that children, just like adults,
change their physical activity and nutritional behaviour, there
are nevertheless separate medical and therapeutic recommendations and measures that consider the speciﬁcs of children’s
metabolic and physical development.277 Therefore, the statements and recommendations in this guideline only refer to adult
patients with fatty liver disease.
d. NAFLD/NASH in diabetes
Patients with fatty liver disease often have other metabolic disorders, particularly pre-diabetes or T2D.4,288,289 If you as a patient support the treatment of fatty liver disease through weight
reduction, more exercise and a balanced diet, then you are also
actively doing something against diabetes.289 It should be noted
that a change in eating habits and regular physical activity can
inﬂuence the dosage of medications you take or inject to regulate
your blood sugar levels (e.g. insulin). Therefore, patients with
T2D should discuss their plans and changes in exercise and
eating habits with their diabetologist.

 How do I know if my NAFLD is getting better/worse? Is there
anything I can monitor at home?
 How often will I be seen in the clinic?
 Can I attend by myself or can I bring a companion?
 Questions about the tests:
B What is the purpose of the test? What will happen if I get a
positive result?
B How long will the test take?
B Will the test expose me to radiation?
B Do I need to fast before the test or procedure?
B When will I get the results?
B Who will give the results to me?
B May I have a copy of the test results for my records?
B How often will this test or procedure be repeated?
B Will health insurance cover the cost of this test, and if so,
how frequently?

14. Questions for your multidisciplinary team
(dieticians, exercise specialist, physician) for
personalised information on lifestyle change:
 How much weight should I aim to lose?
 Which anti-obesity medication could help me to change my
lifestyle and to reduce liver fat?
 What are the foods that increase liver fat?
 What are the foods that reduce liver fat?
 Are there recommended times for my meals?
 What should I expect to see in terms of liver disease
improvement if I maintain changes to my diet?
 When could I expect to see liver disease improvement?
 What about alcohol?
 Which of my dietary habits could I change?
 What are the things I need to check in the food labelling in
the supermarket?
 Should I take food supplements? Are there supplements I
should avoid?
 Is there any limit to the use of spices, vinegar, lemon juice
etc. to ﬂavour my food?
 Does smoking lead to liver damage?
 What can I do if I can’t lose weight?
 What type of physical activity or exercise is recommended
for me?
 How long should I exercise for and how many times per
week?
 How hard should I push myself?
 How can I exercise without any risk for my heart or without
aggravating my joints, for example?
 How can I engage my family to support me in making these
changes?

13. Questions for your doctor
It is a good idea to prepare yourself for your appointment with
your doctor to ensure you get the most out of it. Take a look at
the following list of questions to help you identify the most
important questions you want to ask:







What is NAFLD and why have I got it?
How severe is my liver disease?
What are the complications associated with NAFLD?
What investigations will be done and why?
What treatment is available?
What can I do to help myself?

15. Glossary
Abdominal fat: this is fatty tissue that mainly accumulates in the
abdominal region, so on the belly. It can be under the skin, or
really inside the abdominal cavity, where it is called intraabdominal or visceral fat. If the fat accumulation in your body
is predominantly at the level of the belly, then this fat distribution pattern is called apple-type.
Adipose tissue or fat tissue: the fat tissue is the tissue that has
the function to store energy reserves in the form of lipid
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molecules or fat. It is hence mainly an energy reserve, but it has
other functions, including in the production of certain hormones.
Advanced ﬁbrosis: means a ﬁbrosis stage of at least F3 on the
liver biopsy, when you use a staging system with levels ranging
from F0 to F4.
Aerobic exercise: light endurance training in which the intensity
is chosen so that conversation is still possible, and the effort is
classiﬁed as easy to medium. For example, cycling, walking,
group dancing or swimming are suitable as training.
Alanine aminotransferase or ALT: an enzyme that is produced
in the liver cells. ALT is a marker of damage to the liver cells.
Albumin: the main component of blood proteins formed
by the liver. With poor liver function, the albumin in
the blood decreases. As a consequence, less water is bound in
the blood vessels and water leaks into the tissue (oedema,
ascites).
Alkaline phosphatase or ALP: one of several biochemical
markers in the body that can be used to diagnose primary biliary
cholangitis and track the disease. Part of the liver panel blood
test that examines the health of the liver as a whole. ALP is
manufactured in the liver, bones and other tissues and measured
during a routine blood test. Abnormally high concentrations may
indicate liver disease or bile duct congestion.
Antioxidants: substances that offer protection against socalled "free radicals". On the one hand, these free radicals
are formed by the body itself during various metabolic processes; on the other hand, they are caused by harmful external
inﬂuences such as cigarette smoke, environmental toxins or
ultraviolet radiation from the sun. For example, vegetables are
rich in antioxidants.
Apple-shape obesity: the body fat has accumulated predominantly in the abdominal region. The limbs are relatively slender.
Alcoholic fatty liver disease or alcoholic steatohepatitis (ASH):
Severe liver disease caused by alcohol consumption.
“Bad” cholesterol: this is old terminology. It refers to the LDL
cholesterol (low-density lipoprotein). High LDL cholesterol is one
of the causes of atherosclerosis. It is, however, more the imbalance between this type of cholesterol and other types of
cholesterol that is considered “good” or “bad”, because LDL
cholesterol also has a normal, healthy role to play.
Bariatric surgery: is a branch of surgery that deals with surgical
interventions that are intended to lead to a reduction in body
weight.
Bile acid: a yellow-green liquid produced by the liver, stored in
the gallbladder and transported through the bile ducts. Gall
helps with the digestion of fats.
Bilirubin: the yellow degradation product of normal haem
catabolism produced by the body’s own cleansing of old red
blood cells containing haemoglobin. Bilirubin is excreted via bile
and urine. Increased values may indicate certain diseases.
Biochemistry: the connection between chemical processes in
living things, metabolism, chemistry, biology and medicine.
Biopsy: removal of tissues or cells from the body organs (e.g.
liver) for microscopic examination.
Blood pressure: the force that the blood exerts when it passes
through to the vessels. The term is generally used to indicate
blood pressure in the arteries (arterial blood pressure).
Body metabolism: a complex process in the body, that has to do
with the handling of energy. It refers to the handling of carbohydrates, lipids and proteins. The metabolism has the task of
keeping the body in balance and providing it with the energy
needed for its numerous functions.

Capsule: in the case of the liver, it is the outer shell of the liver.
The capsule encloses the liver and thus distinguishes it from
surrounding organs and structures.
Carcinoma: malignant tissue degeneration, tumour.
Chemotherapy: treatment for cancer. Chemotherapy is a systemic procedure that affects the whole body.
Cirrhosis: advanced scarring of the liver that happens when the
liver is damaged.
Cholesterol: one of the fat molecules in the body. It is made up of
several types of cholesterol, of which LDL- and HDL-cholesterol
are the most abundant. All types have their own function and
importance, but they must be in balance with each other in
terms of quantity: not too much LDL and enough HDL in the
blood. This is supported by a healthy and balanced diet and
exercise.
Clinical trials: medical study. It tests different aspects of the use
of a drug or device, such as how well it works or if it is safe. A
clinical trial is carried out with patients or healthy volunteers
and is a prerequisite for drug approval by the authorities.
Comorbidities: additional diseases to the underlying disease. It
does not have to be related to the underlying disease, but this is
often the case in practice.
Contraindication: these are medical reasons or health factors in
the patient that could make an operation or therapy high risk.
Coronary artery disease: the large arteries that supply the heart
with oxygen are narrowed. These vessels are called "coronary
arteries" or "coronary vessels".
Computed tomography or CT: is an X-ray technique in which
sectional images of the body are made for diagnostic purposes.
Cardiovascular disease or CVD: diseases of the heart and the
blood vessels, including the vessels in the limbs or the vessels of
the brain.
Depression: is a serious condition that affects the thinking,
feeling and acting of the person concerned.
Degree of liver ﬁbrosis: severity of the scar tissue. Severity
means both amount as well as the way the scar tissue is
distributed in between the liver cells and structures. Usually
divided into ﬁve levels, namely F0-F4. F0 means no ﬁbrosis, F4
equals cirrhosis. There are, however, other systems with more
levels.
Disciplines: different specialties in medicine (cardiologist, hepatologist, etc.).
Eating disorder: an unhealthy eating behaviour associated with
mental and physical illness (e.g. binge eating disorder, characterised by eating large amounts of foods in a short time, without
any possibility of restraint and accompanied by a sense of guilt).
Energy substrates: the molecules that can be used to generate
energy for all the processes going on in the body.
Elastometry: a method to measure the stiffness of an organ. In
case of the liver, the stiffness of the liver correlates to some
extent with the degree of liver ﬁbrosis in patients.
Fibroscan: the speciﬁc designation of a device for measuring
liver stiffness.
Fibrosis: ﬁbrosis in the liver is the scarring laid down following
damage to the liver cells.
Fatigue: extreme tiredness that cannot be remedied by getting
enough sleep. Feeling of exhaustion even with everyday tasks.
Gall: a yellow-green liquid produced by the liver, stored in the
gallbladder and transported through the bile ducts. Gall helps
with the digestion of fats.
Gallbladder: small organ, located at the inferior surface of the
liver that collects the gall or bile produced by the liver. When you
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eat, the gallbladder will contract and empty its contents into the
gut, where the bile helps to digest your meal, particularly the fats
in the meal.
“Good” cholesterol: this is old terminology. It refers to the HDL
cholesterol (high-density lipoprotein). It is, however, more the
imbalance between the different types of cholesterol that is
considered “good” or “bad”.
General practitioner: another word for family doctor. They are
part of the ﬁrst-line healthcare system; they take care of
everyday illnesses, coordinate referral to specialised care and are
often the ﬁrst contact person for health complaints.
Guideline: doctors’ treatment and care directive, most often issued by scientiﬁc societies.
HCC: abbreviation that stands for hepatocellular carcinoma =
primary liver cell cancer, so a cancer that ﬁnds its origin in the
liver itself.
Heart failure: the heart is no longer able to pump the required
amount of blood through the body and supply the organs with
sufﬁcient oxygen and energy.
Hepatitis B: acute or chronic liver inﬂammation caused by the
hepatitis B virus. Vaccination against hepatitis B can be carried
out. A cure is currently not possible, but there are good treatment
options to get the virus under control.
Hepatitis C: acute and then often persisting, chronic liver
inﬂammation caused by infection with the hepatitis C virus.
There is no vaccine against hepatitis C. Drug therapy is possible
and offers very good chances of healing.
Hepatocellular: concerning liver cells.
Hepatologist: specialist doctor (usually gastroenterologist or
specialist in internal medicine) who specialises in liver disease.
High blood pressure: when blood passes through the blood
vessels (arteries), pushed forward by the heart, it exerts a force
on the walls of the blood vessels, creating pressure. Blood
pressure goes up and down with the beating of the heart. High
arterial blood pressure means that the peak pressure (systolic
pressure) goes higher than 129 mm Hg and/or the lower pressure (diastolic pressure) is higher than 79 mmHg.
Imaging techniques: include ultrasound (sonography),
computed tomography (CT) and magnetic resonance imaging
(MRI).
Inﬂammation: this is a body’s own reaction to stimuli of danger
and/or damage. Signs of inﬂammation include redness, swelling,
overheating, pain and functional limitations.
Interactions: if different medications are taken, care must be
taken to ensure that the active substances contained therein are
compatible with each other and that the respective effect is not
intensiﬁed or eliminated.
Intra-abdominal fat: this refers to the fat stored in the
abdominal cavity. This fatty tissue is particularly metabolically
active. It continuously releases fats into the blood. If there is too
much of this fat, so if you have internal obesity (also called
abdominal or visceral obesity), you are at increased risk of a
number of diseases such as non-alcoholic fatty liver disease, type
2 diabetes and cardiovascular diseases.
Jaundice: yellowing of the eyes and skin, which can be caused by
liver damage.
Lipoprotein: a structure composed of proteins and lipid (i.e. fat)
molecules that take care of transporting fat molecules inside the
cells and throughout the body.
Liver: the largest solid organ in the human body. Location: in the
upper part of the abdomen on the right side. The liver helps the
body digest food, store energy and break down toxic substances.

Liver failure: the liver can no longer perform its tasks and shuts
down many functions. This can be caused, for example, by severe
poisoning or by chronic liver diseases in the ﬁnal stage of
cirrhosis.
Liver function: the variety of metabolic tasks performed by the
liver.
Liver stiffness: the liver is usually smooth, but when the
liver gets diseased, it can become stiffer. Measuring the
smoothness, or the opposite, namely the liver stiffness, is called
elastography.
Macrovesicular steatosis: indicates that large fat droplets are
present in the hepatocytes.
Magnetic resonance: MR, imaging procedure for the representation of tissues, vessels and organs. The MRI is used for diagnosis but also for research purposes. The representations of the
images are generated with the help of strong magnetic ﬁelds.
Meta-analysis: a study that tries to statistically summarise and
present the results of multiple previous research studies.
Metabolic disorder: the complex metabolic system of the body
is out of balance due to a disorder, illness or malfunction.
Metabolic syndrome: metabolic syndrome is the medical term
for a combination of conditions including diabetes, high blood
pressure (hypertension) and obesity.
Metabolism: Refers to the complex interaction of organs, hormones, bodily ﬂuids and tissues in the body that are important
for it to be fully functional at all levels.
Non-alcoholic fatty liver or NAFL: isolated fatty liver without
inﬂammation. Non-alcoholic fatty liver disease or NAFLD: is a
fatty liver disease that usually has a metabolic cause (it is not
caused by excess alcohol consumption). It covers the spectrum of
NAFL to NASH. Non-alcoholic steatohepatitis or NASH: inﬂammatory change of an existing fatty liver, which is not caused
by excess alcohol consumption.
Non-invasive tests or NITs: a test that does not require an
invasive procedure like a liver biopsy or an endoscopy. Examples
of this are ultrasound or blood sampling.
Obesity: excess body weight above a certain threshold due to the
accumulation of fat. Obesity can be the cause of fatty liver.
Other liver disease: there are many liver diseases. They include
inherited liver disease, viral liver disease, autoimmune liver
disease, and liver disease caused by lifestyle, medication,
poisoning or other diseases.
Oncologists: specialist in cancer diagnosis and treatment.
Oncology: specialisation in medicine dealing with cancer.
Pathologists: specialists who examine and assess, among other
things, tissue samples, often using microscopy.
Physiotherapists: therapeutic specialist who helps people
affected by injury, illness or disability through movement and
exercise, manual therapy, education and advice.
Platelets: they are the smallest cells of the blood. In fact, they are
fragments of cells, not complete cells. They play an important
role in blood clotting.
Phenolic compounds: are the largest group of bioactive plant
substances and have positive properties for health.
Placebo: a drug does not contain an active ingredient. The placebo effect can occur if an effective drug is assumed and the
patient feels an effect even though it is a placebo. Placebos are
also used in clinical studies.
Progressive: increase in scope and severity.
Proteins: universal building material of the body. Proteins from
the diet are broken down in the body and converted into the
body’s own protein.
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Pruritus: clinical term for severe itching, a common symptom of
liver diseases.
Psychosocial: relationship between psychological and social
factors, for example, mental problems, such as depression, can
mean withdrawal from social activities.
Recurrence: the return of a disease.
Resistance exercise: training single or multiple muscle groups
using weights, body weight or machines. Exercising with exercise bands is also an example of this. Professional guidance is
recommended.
Sarcopenia: loss of muscle cell mass and/or muscle strength.
Self-efﬁcacy: is the conviction of a person that they can successfully cope with difﬁcult situations and challenges on their own.
Signiﬁcant ﬁbrosis: means a ﬁbrosis stage of at least F2 on the 04 scale.
Spleen: is an organ that lies in the abdominal cavity, left to and
near the stomach. It has a defensive function against foreign
substances, stores the white blood cells and recycles old red
blood cells.
Steatosis: refers to the presence of fat in liver cells.

Steatohepatitis: refers to the damage of liver cells and the
inﬂammation in the liver associated with the presence of fat.
Subcutaneous fat: means fat stored below the skin. Its main
function is to store excess calories as fat. It is usually regarded as
healthy or good fat tissue.
Surrogate endpoints: in clinical studies, a surrogate endpoint
(or surrogate marker) is a measure of effect of a speciﬁc treatment that is predictive of the fact that the patient will get better
in the long run.
Symptom: side effect in case of a disease, for example the
possible itching in a liver disease.
Transplantation: use of a donor organ.
Ultrasound: diagnostic process that uses sound waves. Sound
waves are directed toward the relevant tissue; the reﬂected
sound is then used to create an image for analysis.
Wilson’s disease: or Copper storage disease. In this disease, the
body stores too much copper in organs such as the liver, tissues
and the central nervous system, which can lead to various health
disorders and damage. The disease is not curable but can be
treated with medication.
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