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Abstract
Nonalcoholic fatty liver disease includes a wide spectrum of manifestations from simple steatosis to nonalcoholic steatohepa-
titis, fibrosis, and eventually cirrhosis or even hepatocellular carcinoma. This disorder is also associated with an increased 
cardiovascular risk, renal involvement, oncologic processes, metabolic disturbances, and an increased risk of all-cause 
mortality or hepatic mortality. For this reason, nonalcoholic fatty liver disease should be considered a disorder with high 
morbidity and mortality that must be diagnosed appropriately as soon as possible to establish adequate treatment. Noninva-
sive methods based on biochemical parameters should be used as a first step in the evaluation of any patient in whom this 
disease is suspected. However, serum/blood levels of liver enzymes are not a good indicator of liver damage and noninvasive 
methods, including biochemical tests and imaging, have suboptimal accuracy or are patented prototypes that show limita-
tions in clinical practice. There are currently no drugs specifically approved for the treatment of these liver disorders, thus 
the most relevant intervention for nonalcoholic fatty liver disease is lifestyle modification.
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Key Points 

Nonalcoholic fatty liver disease is a disorder with high 
morbidity and mortality that includes a wide spectrum 
of hepatic and extrahepatic manifestations that should be 
properly diagnosed to establish an appropriate treatment.

Noninvasive methods based on biochemical parameters 
should be used as a first step in the evaluation of any 
patient in whom this disease is suspected. However, 
serum/blood levels of liver enzymes are not a good indi-
cator of liver damage and biochemical tests and imaging 
have suboptimal accuracy.

There are currently no drugs specifically approved for 
the treatment of these liver disorders, thus the most 
relevant intervention for nonalcoholic fatty liver disease 
is lifestyle modification.

1 Introduction

Nonalcoholic fatty liver disease (NAFLD) is defined 
as hepatic steatosis in more than 5% of the liver in the 
absence of relevant alcohol intake (more than 30 g of 
alcohol per day in men and more than 20 g of alcohol per 
day in women) [1]. However, because of the possibility 
of steatosis despite moderate alcohol consumption and to 
better reflect the pathogenesis of the disease, metabolic 
(dysfunction)-associated fatty liver disease has been sug-
gested as a more appropriate overarching term [2].

In either case, the spectrum of the disease is broad. 
The mildest type of the disease is simple steatosis, with at 
least 5% steatosis in the liver. If liver damage continues, 
inflammation can occur, and nonalcoholic steatohepatitis 
(NASH) may develop. This disease can progress to differ-
ent degrees of fibrosis and eventually progress to cirrho-
sis or even hepatocellular carcinoma. Nevertheless, this 
sequence is not always linear, as hepatocellular carcinoma 
can arise from simple steatosis or from NASH without the 
development of previous fibrosis or cirrhosis (Fig. 1) [1].

The prevalence of NAFLD is approximately 25% of the 
general population. It is estimated that by 2030, the percent-
age of patients with NASH and F2 fibrosis will increase by 
48%, those with F3 fibrosis by 88%, and those with cirrhosis 
by 118%. This will place it among the first or second most 
prevalent liver aetiologies for hepatocellular carcinoma [3].

http://crossmark.crossref.org/dialog/?doi=10.1007/s40261-022-01142-w&domain=pdf
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Two major phenotypes can be described: the meta-
bolic phenotype, which is the most predominant, and the 
immune-mediated phenotype. The main risk factors for the 
metabolic phenotype are female sex, being aged older than 
60 years, a body mass index ≥ 30 kg/m2, diabetes mellitus, 
hypertension and dyslipidaemia, among others. The risk of 
developing NASH, fibrosis or cirrhosis increases as more 
risk factors are combined [4]. The immune-mediated phe-
notype includes celiac disease, inflammatory bowel dis-
ease, systemic lupus erythematosus, rheumatoid arthritis, 
psoriasis and hidradenitis suppurativa. In the presence of 
any of these immune-mediated diseases, a smaller meta-
bolic burden or fewer metabolic risk factors are neces-
sary to trigger NAFLD, even in its more advanced stages. 
Moreover, as immune-mediated disease becomes more 
active or less controlled, liver disease develops in paral-
lel [5].

The prevalence of NAFLD-associated cirrhosis has 
increased significantly in recent years. There were 2.5-fold 
and 2-fold increases in the prevalence of NASH cirrhosis 
and NAFLD-associated advanced fibrosis, respectively, in 
2009–2012 compared to 1999–2002 in the USA [6]. This 
may be due not only to the increase in metabolic risk factors 
but also to the increasing focus on cirrhosis of unknown ori-
gin (cryptogenic cirrhosis) and its classification as NAFLD. 
Likewise, the prevalence of NAFLD-associated hepatocel-
lular carcinoma has also increased significantly over time. 
From 2000 to 2010, the prevalence of hepatocellular carci-
noma increased in patients with NAFLD by 21.5%; in 2010, 
NAFLD-associated hepatocellular carcinoma accounted for 
35% of all cases [7].

Although the condition of NAFLD has been recog-
nised for a long time, it was not until very recently that fat 
deposition in the liver was considered to cause problems. 
Moreover, unlike hepatitis, NAFLD is a noncontagious and 
nonstigmatising disease, thus it has not received adequate 
attention. To highlight the need for accurate diagnosis 
to initiate early treatment, this article describes the most 

appropriate methods of diagnosis and the therapeutic alter-
natives currently available.

2  Extrahepatic Manifestations of NAFLD

Nonalcoholic fatty liver disease may produce some extrahe-
patic effects. The most important are increased cardiovascu-
lar risk and renal involvement. A study evaluated different 
forms of subclinical atherosclerosis and found that patients 
with NAFLD had a markedly greater carotid intima-media 
thickness than healthy control subjects. Moreover, carotid 
intima-media thickness was higher in patients with NASH 
than in those with simple steatosis. In addition, carotid 
intima-media thickness was strongly associated with the 
degree of hepatic steatosis, necroinflammation and fibrosis 
among patients with NAFLD [8]. Another study reported 
that advanced fibrosis was positively associated with carotid 
intima-media thickness, the presence of carotid plaque and 
arterial stiffness in patients with NAFLD, independent of 
conventional cardiometabolic risk factors and insulin resist-
ance [9]. The prevalence of chronic and end-stage renal dis-
ease is higher in patients with NAFLD than in healthy con-
trols. In addition, as liver fibrosis progresses, the glomerular 
filtration rate decreases [10].

One of the most prominent extrahepatic manifestations 
of NAFLD is the development of oncologic processes. 
Although hepatocellular carcinoma is the tumour most 
frequently associated with NAFLD (hazard ratio = 16.73, 
p  =  0.008), the risk of colon cancer in men (hazard 
ratio = 2.01, p = 0.02) and breast cancer in women (haz-
ard ratio = 1.92, p = 0.01) also increases in patients with 
NAFLD [11].

Metabolic alterations are not only the cause of liver 
disease but can also arise as a consequence of it. In a study 
performed in patients with NASH but without baseline 
metabolic abnormalities (dyslipidaemia, hypertriglyceri-
demia, arterial hypertension and diabetes mellitus), it was 

Fig. 1  Nonalcoholic fatty liver disease (NAFLD) spectrum. NAFL nonalcoholic fatty liver, NASH nonalcoholic steatohepatitis
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found that after 5 years of follow-up, at some point, these 
patients developed some type of metabolic alterations. 
Patients with NAFLD and significant fibrosis were at risk 
of developing type 2 diabetes and arterial hypertension. 
In addition, the risk of metabolic abnormalities in patients 
with significant fibrosis was increased in the presence of 
obesity [12]. Therefore, it is necessary to monitor patients 
closely to detect these metabolic alterations not only at the 
time of diagnosis of liver disease but also at their onset.

Patients with NAFLD, especially those with stage F2 or 
F3 fibrosis, have an increased risk of all-cause mortality and 
hepatic-specific mortality. When patients do not have liver 
cirrhosis, the main causes of death are vascular events and 
extrahepatic tumours. When cirrhosis is present, the leading 
causes of death are hepatic decompensation and hepatocel-
lular carcinoma [13].

The prevalence of NAFLD-related hepatocellular carci-
noma has been increasing in recent years. The main risk 
factors in this group of patients are male sex, advanced 
age and diabetes [14]. As previously mentioned, this type 
of cancer can originate without prior fibrosis or cirrhosis. 
The proportion of patients with hepatocellular carcinoma 
without cirrhosis was 34.6% in patients with NAFLD. These 
percentages are in contrast with the proportion of patients 
with hepatocellular carcinoma without cirrhosis who have 
hepatitis C (8.9%) or hepatitis B (7.7%) or abuse alcohol 
(11.1%) [15].

3  Non‑invasive Diagnosis of Hepatic 
Steatosis and Liver Fibrosis

Although increased transaminase serum/blood levels, espe-
cially alanine aminotransferase and aspartate aminotrans-
ferase, suggest liver damage, only 25–40% of patients with 
liver steatosis have elevated levels of these enzymes [16]. 

For this reason, normal transaminase levels should not rule 
out NAFLD in a patient with risk factors.

Biochemical scores and imaging techniques can be used 
for the noninvasive diagnosis of hepatic steatosis (Table 1). 
The most commonly used biochemical scores are the hepatic 
steatosis index or the fatty liver index [17, 18]. Both indi-
ces use variables that can be obtained routinely, such as 
the patient's age, sex, weight and height, body mass index, 
abdominal perimeter or transaminase levels. Through a 
formula using these data, each score provides a value that 
can predict the risk of developing hepatic steatosis. Table 2 
shows the formula and the cut-off point for both indices.

Regarding imaging techniques used for the diagnosis of 
hepatic steatosis, ultrasonography, controlled attenuation 
parameter and magnetic resonance imaging-proton density 
fat fraction are the most important [19–21]. Ultrasonogra-
phy has a specificity of 90–95% but a sensitivity of 60–70% 
when fat infiltration in the liver is less than 30%, which can 
lead to misdiagnosis [19]. Controlled attenuation parameter 
is read by software incorporated into  FibroScan® that cal-
culates the attenuation of the ultrasound signal; this is an 
easy and fast method that provides a numerical value that 
correlates with the histological degree of steatosis [20]. The 
accuracy of ultrasonography for hepatic steatosis assessment 
is affected by the severity of fibrosis [22], while controlled 
attenuation parameter is accurate in grading fatty infiltration, 
and the values are not influenced by liver fibrosis [23]. Mag-
netic resonance imaging-proton density fat fraction allows 
differentiation between the different degrees of hepatic 
steatosis much better than ultrasonography or controlled 
attenuation parameter. It is the most accurate method, but it 
is not available in many hospitals [21]. Currently, the devel-
opment of noninvasive methods to detect NASH, including 
biochemical tests and imaging, is a challenge because they 
have suboptimal accuracy or they are patented prototypes 
that show limitations in clinical practice.

Table 1  Non-invasive methods to diagnose NAFLD

NAFLD nonalcoholic fatty liver disease, FIB-4 Fibrosis-4

Hepatic steatosis Biochemical tests Hepatic steatosis index
Fatty liver index

Imaging techniques Ultrasonography
Controlled attenuation parameter
Magnetic resonance imaging-

proton density fat fraction
Steatohepatitis Currently, there are no non-invasive methods of diagnosis implemented in clinical practice
Hepatic fibrosis Biochemical tests NAFLD fibrosis score

FIB-4
Hepamet fibrosis score

Imaging techniques Transient elastography
Magnetic resonance elastography
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Like hepatic steatosis, hepatic fibrosis can be diagnosed 
by biochemical tests and imaging techniques (Table 1). The 
most commonly used biochemical tests are the NAFLD 
fibrosis score, FIB-4 index and Hepamet fibrosis score [24, 
25]. The first two indices have been in use for more than 
10 years and have very well-defined cut-off points, which 
should be corrected in patients aged older than 65 years 
because of the risk of false-positive results. These indices 
have a discrimination ability of 0.75 and 0.80 [24, 25]. The 
Hepamet fibrosis score is a scale developed specifically for 
liver fibrosis by the Spanish Association for the Study of 
the Liver (AEEH, Asociación Española para el Estudio del 
Hígado), and the discrimination ability of this index is sig-
nificantly higher than the NAFLD fibrosis score and FIB-4 
index (AUROC 0.85). All these scores have demonstrated a 
good ability to predict liver-related outcomes [26].

Two imaging methods are primarily used in the diag-
nosis of liver fibrosis: transient elastography and magnetic 
resonance elastography. Transient elastography is com-
monly used to detect other liver entities, such as hepatitis 
C, although the cut-off points used for the diagnosis of F3 
liver fibrosis or cirrhosis are higher (approximately 13 and 
16 kPa, respectively). However, patients with metabolic 
NAFLD have a high body mass index, and failure of this 
procedure with a medium probe begins at a BMI of 30 kg/
m2 (6.9% failure). The failure rate continues to increase at 
a BMI of 35–40 kg/m2 (19% failure) and 40 kg/m2 (59% 
failure). In the latter case, the failure rate is reduced to 4.9% 
using an XL probe. However, the use of an XL probe pro-
vides lower values, which may ultimately affect the diagno-
sis [27]. However, and as was the case for hepatic steatosis 
diagnosis, magnetic resonance elastography is a more accu-
rate test. However, it is not available in all centres, and its 
complexity hinders its everyday use in clinical practice [28]. 
Both transient and magnetic resonance-based elastography 
have been associated with poor outcomes in individuals with 
NAFLD [29, 30].

4  NAFLD Treatment

The first therapeutic strategy to consider in the treatment 
of NAFLD is lifestyle intervention. Patients with metabolic 
NAFLD walk less, are more sedentary and have less seden-
tary-to-active transitions than healthy subjects. The recom-
mended physical exercise for these patients is aerobic or 
even resistance (anaerobic) exercise for those with reduced 
mobility. Although both types of exercise are comparable 
in terms of hepatic improvement, aerobic exercise also 
improves cardiopulmonary function [31].

If the patient is overweight or obese, a hypocaloric diet 
should be recommended. In the case of a normal-weight 
patient who is not expected to lose weight, the diet should 
preferably be low in fat; above all, saturated fatty acids 
should be reduced. If the dietary pattern is Mediterranean 
(fruit, fish, vegetables, nuts, olive oil), the intrahepatic lipid 
content will improve more than with a low-fat diet, and insu-
lin sensitivity will improve [32].

In addition to the type of diet, food preparation also plays 
an important role. It is known that red meat and processed 
meat increase the risk of metabolic NAFLD. Fried or over-
cooked meat at high temperatures for a long time produces 
heterocyclic amines that can lead to higher oxidative stress 
and inflammation, which will further worsen liver conditions 
[33]. However, nutraceuticals such as coffee have demon-
strated a potential role in the management of NAFLD [34].

There are currently no drugs specifically approved for 
the treatment of NAFLD, although pioglitazone and vita-
min E are endorsed by societies in biopsy-proven NASH 
[35]. However, several marketed drugs could change their 
indication. Glucagon-like peptide type 1 receptor agonists 
are commonly used for the management of diabetes, but 
some clinical trials have been conducted using liraglutide 
and semaglutide for the treatment of NASH [36, 37]. Both 
drugs were shown to resolve NASH (39% with liraglutide 
and 60% with semaglutide) in patients with or without 

Table 2  Formula and cut-off points for biochemical scores to diagnose NAFLD

ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass index, GGT  gamma-glutamyl transferase, NAFLD nonalcoholic 
fatty liver disease

Hepatic steatosis index (HSI)
Formula: 8 × (ALT/AST) ratio + BMI + 2 (if diabetes mellitus) + 2 (if female)
Interpretation:
 HSI < 30 → no NAFLD
 HSI > 36 → NAFLD
Fatty liver index (FLI)
Formula: 100/(1 + EXP((1) × (0.953 × Ln(triglycerides)) + (0.139 × BMI) + (0.718 × Ln(GGT)) + (0.053 × (waist circumference)) − 15.475))
Interpretation:
 FLI < 30 → no NAFLD
 FLI > 60 → NAFLD
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diabetes. However, although both medications improved 
NASH, neither was able to improve liver fibrosis, which is 
the main prognostic determinant of patients with metabolic 
NAFLD [36, 37].

Given the pathophysiological characteristics of this dis-
ease, anti-inflammatory, antifibrotic and metabolic drugs are 
needed. To date, obeticholic acid is the only drug approved 
for a different indication (primary biliary cholangitis) that 
has shown positive results in improving liver fibrosis in 
patients with NASH in a phase III trial [38], while other 
drugs such as lanifibranor (a peroxisome proliferator-acti-
vated receptor agonist) have showed promising results for 
NASH [39].

5  Conclusions

Nonalcoholic fatty liver disease is a disorder with high mor-
bidity and mortality that should be properly diagnosed to 
establish an appropriate treatment. Although hepatic stea-
tosis may be present, it can be difficult to identify. Hence, 
any metabolic or immune-mediated risk factors should be 
considered. The main prognostic determinant of this dis-
ease is liver fibrosis. Serum/blood levels of liver enzymes 
are not a good indicator of liver damage and should not be 
used to guide decisions in clinical practice. Thus, nonin-
vasive methods based on biochemical parameters should 
be used as a first step in the evaluation of any patient in 
whom this disease is suspected. Currently, in the absence 
of available drugs, the most relevant intervention is lifestyle 
modification.
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