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The hepatology community recognized and drew attention in the last years to poor 
provision of services for liver diseases worldwide and the only focus on end-stage 
liver disease and its complications—cirrhosis and cancer, neglecting any preventive 
measures. It was emphasized that a change of paradigm is urgently needed to focus 
on the identification of those with progressive liver fibrosis and to find strategies to 
prevent chronic liver diseases. Nowadays, viral hepatitis could easily be treated if 
timely diagnosed by screening programs. Liver fibrosis could be assessed by sim-
ple, noninvasive methods, available for any physician. However, the burden of 
chronic liver disease is increasing due to a lack of effective measures for limiting 
inappropriate alcohol consumption and preventing obesity. Non-alcoholic fatty liver 
disease (NAFLD), obesity, and diabetes mellitus seem to be twenty-first century 
silent epidemics that require energetic policy action to limit them.

Our book tries to synthetize the latest developments in understanding the NAFLD 
spectrum and to offer medical practitioner of any specialty the necessary knowledge 
to understand the disease, to diagnose and manage patients, and more importantly 
enough information to engage every reader in the twenty-first century fight to pre-
vent end-stage liver disease due to fatty liver.

We hope that we succeeded in guiding the readership to learn about NAFLD, 
then to understand the complexity of the problem, and ultimately to prepare for 
action in daily practice and in the community.

Iasi, Romania � Anca Trifan
Iasi, Romania� Cristina Muzica
Iasi, Romania� Carol Stanciu

December 2022
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1The Nomenclature and Definition 
of Nonalcoholic Fatty Liver Disease

Anca Trifan and Carol Stanciu

1.1	� Introduction

The term “nonalcoholic fatty liver disease” (NAFLD) is currently used to refer to a 
broad and heterogeneous range of clinic and pathological entities that have one 
thing in common: they are all characterized by the absence of significant alcohol 
consumption or other causes of liver damage like steatogenic drugs, viral hepatitis, 
or hereditary disorders, but at least 5% of their hepatocytes show signs of steatosis 
(the presence of lipid droplets) [1]. The following are the most frequent concurrent 
diseases that must be ruled out: hemochromatosis, autoimmune hepatitis, celiac dis-
ease, Wilson’s disease, a/hypobetalipoproteinemia lipoatrophy, drug-induced fatty 
liver disease, HCV-associated fatty liver disease (GT3), and alcoholic fatty liver 
disease. Inborn metabolic abnormalities, hypopituitarism, hypothyroidism, starva-
tion, parenteral nutrition, and Wolman disease (lysosomal acid lipase deficiency) [2].

The NAFLD spectrum includes the following:

	1.	 Nonalcoholic fatty liver (NAFL) which includes pure steatosis without any 
inflammation and steatosis without significant inflammation or signs of hepato-
cyte injury (no ballooning), with some lobular inflammation being possible [3].

	2.	 Nonalcoholic steatohepatitis (NASH) is the most aggressive form of NAFLD 
characterized by the presence of steatosis plus significant inflammation (“which 
developed to remove the fat”) and signs of hepatocyte’s injury as ballooning. 
Fibrosis is the histological feature which is considered the most important pre-
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dictor for clinical outcome. The European Association for Study of the Liver 
(EASL) subclassified NASH depending on the degree of fibrosis in:

	 (a)	 Early NASH (no or mild fibrosis)
	 (b)	 Fibrotic NASH (significant/advanced fibrosis)
	 (c)	 NASH cirrhosis is defined by stage 4 of fibrosis and presence of regeneration 

nodules, drastic change in normal lobular architecture associated with resid-
ual signs of steatosis, and NASH [4]

Another term which should be defined is cryptogenic cirrhosis, which means 
features of cirrhosis with no obvious etiology. In patients with cryptogenic cirrho-
sis, metabolic risk factors such as obesity and other metabolic syndrome (MetS) 
components could be frequently recognized. It is largely accepted that cryptogenic 
cirrhosis is part of NAFLD [5].

1.2	� Hepatocellular Carcinoma (HCC)

Hepatocellular carcinoma has been suggested to be included as part of NAFLD 
spectrum, and the risk of NAFLD-associated HCC is increased in cirrhosis and pre-
cirrhotic stages, especially when PNPLA3 rs738409 C  >  G polymorphism is 
present [6].

The nomenclature of NAFLD includes a negation nonalcoholic, which should 
also be defined. It is considered nonalcoholic when a significant alcohol consump-
tion is not ongoing or was not present in the past (previous 2 years). The significant 
alcohol consumption is inhomogeneously defined in different regions and by differ-
ent scientific bodies [7].

A standard drink, according to the National Institute on Alcohol Abuse and 
Alcoholism (NIAAA), contains 14  g of pure alcohol. This value is used by the 
American Association for Study of the Liver (AASLD) in their consensus. The World 
Health Organization (WHO) and the EASL define a standard drink as any form of 
alcohol which contains 10 g of pure alcohol [8]. A significant alcohol consumption is 
defined by the AASLD and the EASL as three or more standard drinks per day (or >21 
drinks per week) for men and two or more standard drinks per day (>14 drinks per 
week) for women. Because of the different definitions of a standard drink, the actual 
alcohol quantity which defines significant consumption differs between the USA and 
Europe (42 g daily in the USA/30 g daily in Europe for men and 28 g daily in the USA 
and 20 g daily in Europe for women), which can produce some inconsistencies [9].

1.3	� Metabolic Syndrome

Metabolic syndrome is defined by a cluster of five features of metabolic type, in 
close relation with insulin resistance used to identify individuals at increased risk of 
atherosclerotic cardiovascular disease and vascular and neurological complications 
such as a cerebrovascular accident. More recently, MetS has been considered to be 

A. Trifan and C. Stanciu
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a risk for NAFLD and fatty liver as the early sign of insulin resistance [10]. The 
presence of MetS is confirmed when three of the following five features are present: 
(1) waist circumference more than 94 cm in men and 88 cm in women; (2) elevated 
triglycerides 150 mg/dL or greater; (3) reduced high-density lipoprotein cholesterol 
(HDL) less than 40 mg/dL in men or less than 50 mg/dL in women; (4) elevated 
fasting glucose of l00 mg/dL or greater; and (5) blood pressure values of systolic 
130 mmHg or higher and/or diastolic 85 mmHg or higher [11].

1.4	� Impaired Glucose Tolerance

Between normal glucose homeostasis and diabetes, there are intermediate stages of 
aberrant glucose control represented by impaired fasting glucose and impaired glu-
cose tolerance [12]. An increased fasting plasma glucose (FPG) concentration 
(between 100 and 126 mg/dL) is now used to identify impaired fasting glucose. A 
high 2-h plasma glucose concentration (between 140 and 200 mg/dL) after a 75 g 
glucose load on the oral glucose tolerance test (OGTT) in the context of an FPG 
concentration of less than 126 mg/dL indicates impaired glucose tolerance [13].

1.5	� Insulin Resistance

A major factor thought to be implicated in the pathophysiology of NAFLD is insu-
lin resistance, which is defined as a decreased physiologic response to insulin stim-
ulation of target tissues, primarily the liver, muscle, and adipose tissue. 
Hyperinsulinemia and an increase in beta-cell insulin synthesis occur as a result of 
impaired glucose elimination brought on by insulin resistance. It most frequently 
happens in connection with obesity, but there are many other underlying causes as 
well, including obesity-related stress (caused by an excess of the hormones that 
regulate stress, such as cortisol, growth hormone, catecholamines, and glucagon), 
medicine (such as glucocorticoids, human immunodeficiency virus antiretrovirals, 
oral contraceptives), pregnancy (placental lactogen), lipodystrophy associated, 
insulin antibodies, genetic defects in insulin-signaling pathways (type A insulin 
resistance), and blocking autoantibodies against the insulin receptor (type B insu-
lin resistance) [14, 15].

When a patient exhibits the characteristics of MetS, including hyperglycemia, 
dyslipidemia, abdominal obesity, and hypertension, insulin resistance is presumed 
to be the cause. It would be helpful to measure insulin resistance in obese patients 
in a clinical context because they are most likely to develop type 2 diabetes mellitus 
and its consequences, cardiovascular disease, and several cancers linked to obesity 
and insulin resistance (e.g., colon, breast, and endometrial cancers) [16]. But there 
is not a reliable test available right now to assess insulin resistance in a clinical con-
text. The hyperinsulinemic-euglycemic glucose clamp method is the gold standard 
for determining insulin resistance. Although this study method has limited clinical 
relevance, there are a number of insulin resistance surrogate measures that can be 

1  The Nomenclature and Definition of Nonalcoholic Fatty Liver Disease
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used in clinical settings, such as homeostasis model assessment-estimated insulin 
resistance (HOMA-IR) and quantitative insulin sensitivity check index 
(QUICKI) [17].

1.6	� Obesity

The accumulation of excessive bodily fat, which is harmful to health, is what defines 
obesity. It is regarded as a condition with many complications that is difficult. BMI 
is a quick, cheap, and widely used assessment that enables an early diagnosis of 
obesity. It is frequently employed as a measure of relative weight. BMI is calculated 
by multiplying a person’s weight in kilograms by the square of his or her height in 
meters (kg/m2). When it falls between 18.5 and 24.9 kg/m2, BMI is regarded as 
normal. When a person’s BMI is between 25 and 29.9 kg/m2 and above 30, they are 
termed overweight. Contrarily, when BMI is less than 18.5 kg/m2, thinness is taken 
into account [18, 19].

Central obesity is characterized as an excessive buildup of abdominal fat, pri-
marily from visceral fat. Waist circumference, a useful anthropometric parameter to 
assess visceral fat in adults, is the simplest technique to measure visceral fat. The 
top of the iliac crest (NHANES III, NCEP ATP III), the narrowest waist (ASM), the 
level of the navel, and the approximate halfway between the lower edge of the last 
palpable rib and the top of the iliac crest are all considered to represent the waist 
level [20]. Different cutoffs have been suggested as metabolic syndrome criteria. 
For different racial and gender groupings, recommended cutoffs (equal or higher) 
for WC are different. For European population, the cutoff measurements are 94 cm 
for men and 80 cm for women. On the other hand, the American standard for central 
obesity is 102 cm for men and 88 cm for women. Cutoffs for men and women that 
have been proven to be effective in a number of studies are 90 cm for South Asians, 
80 cm for Chinese, and 80 cm for Japanese [21].

1.7	� Lean NAFLD

Lean NAFLD defines the spectrum of NAFLD which is encountered in individuals 
with BMI <25 kg/m2 in Western countries and <23 kg/m2 in Asian population with 
no significant alcohol consumption and no concurrent causes of steatosis. NAFLD 
in lean patients, unlike conventional NAFLD, is a special subtype that develops 
without obesity and is linked to a lower metabolic burden [22]. These illnesses are 
thought to have a separate etiology, with metabolic and gut microbiota characteris-
tics that differ from NAFLD in obese individuals [23]. Lean individuals with 
NAFLD may also experience more severe outcomes, including an increased risk of 
advanced fibrosis, cardiovascular problems, and liver-related death. Additionally, it 
was reported that patients with lean NAFLD have considerably higher overall mor-
tality rates than those with non-lean NAFLD [24].
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The concurrent diseases which should be meticulously excluded in lean indi-
viduals before a definitive diagnosis of NAFLD are (a) general/nutritional diseases: 
acute starvation, protein malnutrition, total parenteral nutrition, Mauriac syndrome, 
and hepatitis C; (b) metabolic: cystic fibrosis, Wilson’s disease, alpha-1-antitrypsin 
deficiency, galactosemia, fructosemia, Wolman disease, glycogen storage disease, 
mitochondrial and peroxisomal defects of fatty acid oxidation, lipodystrophies, 
abetalipoproteinemia, and Weber-Christian disease; and (c) drug toxicity: amioda-
rone, methotrexate, prednisolone, l-asparaginase methotrexate, vitamin A, valpro-
ate, tamoxifen, zidovudine, and ecstasy [25, 26].

The obvious relationship in most cases between metabolic disturbances and fatty 
liver disease, the fact that NAFLD is an exclusion diagnosis (elimination of signifi-
cant alcohol intake and concurrent causes of liver diseases), and the word alcohol 
(even preceded by “non”) which could bring some stigmatization for patients were 
considered strong arguments for searching for a new nomenclature and new defini-
tion which could solve these shortcomings, which allows a positive diagnosis and 
could include patients with concomitant liver diseases [26, 27].

The term metabolic dysfunction-associated fatty liver disease (MAFLD) was 
coined and defined as hepatic steatosis (proved by any of the following: histology, 
imaging, or blood biomarker) in addition to one of the following three criteria, 
namely overweight/obesity, type 2 diabetes mellitus (T2DM), or evidence of meta-
bolic dysregulation [28].

At least two metabolic risk abnormalities are required to establish metabolic 
dysregulation: waist measurements of Caucasian men and women of 102/88 cm or 
Asian men and women of 90/80 cm; blood pressure measurements of 130/85 mmHg 
or use of a particular medication; plasma triglycerides less than 150  mg/dL 
(1.70 mmol/L) or using a particular medication; prediabetes, which is defined as 
fasting plasma glucose of 5.6–6.9 mmol/L, or HOMA-IR of 2.5; plasma HDL cho-
lesterol 1.0 mmol/L for males and 2 mg/L for women; or lipid-lowering medication 
treatment [29].

There are many discussions and an international debate going on in order to find 
out if MAFLD could replace the term NAFLD, if these distinct nomenclatures are 
naming the same disease or a new disease is born. Until a straight conclusion is 
reached, we choose to use the old good term of NAFLD.
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2Nonalcoholic Fatty Liver Disease Versus 
Metabolic Associated Fatty Liver Disease

Sebastian Zenovia and Irina Girleanu

2.1	� Introduction

In the last century, the burden of obesity, type 2 diabetes mellitus (T2DM), meta-
bolic syndrome (MS), as well as its components has been rising [1]. The impact of 
these diseases is also reflected in the structure of liver parenchyma, by overloading 
the hepatocytes with fat leading to a high proportion of patients with liver fibrosis. 
Nonalcoholic fatty liver disease (NAFLD) has become one of the few pandemics 
that increase the risk of chronic liver disease by its subtypes, including nonalcoholic 
steatohepatitis (NASH) [2].

As a short history, fatty liver generally known as steatosis has been described 
since 1845 due to the work of Addison, who identified alcohol-induced liver histo-
logical abnormalities [3]. Lately, after one century, Connor identified the possibility 
for alcoholic or diabetic fatty liver disease to evolve into liver cirrhosis, while in 
1964, Dianzani elucidated the etiology of steatosis [4, 5]. The words NASH and 
NAFLD were not coined until the 1980s by Ludwig et al. and Shaffner and Thaler, 
respectively [6, 7]. After several decades of study in this area, it is now common 
knowledge that NAFLD and NASH are caused by different pathogens, are ubiqui-
tous in the overall population worldwide, impose substantial direct and indirect 
expenses, and lack a safe and efficient pharmacological therapy [8].

A panel of worldwide experts established an agreement in 2020 to reconsider the 
present concept of fatty liver disease, including renaming it as metabolic dysfunction-
associated fatty liver disease (MAFLD) and establishing a simplified set of “positive” 
diagnostic criteria for both adults and children [9, 10]. MAFLD is diagnosed when a 
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patient has hepatic steatosis, is overweight or obese, and has T2DM or two or more of 
the following: ethnicity-specific waist circumference cutoffs for central obesity; blood 
pressure ≥135/85 mmHg; plasma triglycerides ≥150 mg/dL; plasma HDL cholesterol 
<40 mg/dL for men and <50 mg/dL for women; fasting plasma glucose ≥100 mg/dL, 
2-h post-load glucose ≥140 mg/dL, or hemoglobin A1c ≥5.7%; homeostasis model 
assessment of insulin resistance ≥2.5 and plasma high-sensitivity C-reactive protein 
>2 mg/L (Fig. 2.1, Table 2.1); or a specific drug treatment to counterbalance these 
metabolic disorders. This request garnered strong support from hepatologists through-
out the world, hepatology scientific organizations, nursing and allied health leaders, 
pharmaceutical and regulatory science specialists, and patient associations. 
Notwithstanding, the new terminology has also generated criticism, emphasizing the 
necessity for a redefinition of NAFLD based on consensus [11].

The incidence of MAFLD is growing, even among nonobese persons, and affects 
50% of the world’s overweight and obese adult population. This rise is found world-
wide, mostly in low- and low-middle-income nations in Africa, Asia, and South 
America, and it constitutes a significant worldwide burden on healthcare expenses 
[12, 13]. Lifestyle modifications and a balanced diet remain the mainstay of the 
therapeutic management of these individuals, as there are no currently authorized 
drugs [12]. The majority of patients with fatty liver disease are previously identified 
and then managed in clinical settings by primary care physicians (PCPs). There is 
unambiguous evidence of the health-promoting effects of primary care and its 
involvement in sickness and mortality prevention [14]. In addition, in contrast to 
specialty care, the provision of primary care as a healthcare service for all popula-
tions is more egalitarian. In this setting, primary care is crucial and may thus aid or 
hinder the delivery of effective treatment for chronic diseases. To offer effective and 
high-quality treatment, PCPs must include new information, abilities, and positive 
attitudes toward care that emphasize system transformation and participatory patient 
and primary care team connections.

Imaging techniques
Blood biomarkers

Obesity/Overweight

Lean/Normal Weight:
Caucasians: BMI <25kg/m2

Asias: BMI <23kg/m2

Overweight / Obesity:
Caucasians: BMI � 25kg/m2

Asias: BMI � 23kg/m2

Normal weight/Lean

Presence of
at least two

metabolic risk
factors

(Table 1)

Type 2 diabetes mellitus

METABOLIC ASSOCIATED FATTY LIVER DISEASE

OR

HEPATIC STEATOSIS IN ADULTS

Liver biopsy

Fig. 2.1  A flowchart with the proposed diagnostic criteria for MAFLD
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Table 2.1  Metabolic risk factors

Waist circumference ≥102/88 cm in Caucasian men and women (or ≥90/80 cm in Asian men 
and women)

Blood pressure ≥130/85 mmHg or specific drug treatment

Plasma triglycerides/150 mg/dL (≥1.70 mmol/L) or specific drug treatment
Plasma HDL cholesterol <40 mg/dL (<1.0 mmol/L) for men and <50 mg/dL (<1.3 mmol/L) 
for women or specific drug treatment
Prediabetes (i.e., fasting glucose levels 100–125 mg/dL (5.6–6.9 mmol/L), or 2-h post-load 
glucose levels 140–199 mg/dL (7.8–11.0 mmol), or HbA1c 5.7–6.4% (39–47 mmol/mol))

Homeostasis model assessment (HOMA)-insulin resistance score ≥2.5
Plasma high-sensitivity C-reactive protein (hs-CRP) level >2 mg/L

2.2	� NAFLD Roadblocks

NAFLD, which includes the complete range of alcohol-like liver disorders present 
in nonalcoholics, was originally regarded as “the hepatic manifestation of the MS” 
[15]. However, this outmoded notion is at best unsatisfactory, and accumulating 
data suggests that the relationship between NAFLD and MS is complementary and 
bidirectional [1]. In the absence of competing causes of (steatogenic) liver disease, 
NAFLD is diagnosed noninvasively (through biomarkers and/or imaging modali-
ties). Compared to these highly sensitive and specific biomarkers, conventional 
ultrasonography (US) retains a significant role since it is inexpensive, repeatable, 
widely available, and cost-efficient for excluding focal liver disease, with a semi-
quantitative assessment of liver structure changes including steatogenic and focal 
lesion diagnosing [16].

However, liver biopsy (LB) is the gold standard for diagnosis providing a defini-
tive characterization of the fundamental histological lesions: steatosis, ballooning, 
inflammation, and fibrosis, allowing differentiation between the more indolent, 
uncomplicated steatosis and the more rapidly progressive NASH forms [17]. 
According to the categorization, NAFLD is considered “primary” when it is cou-
pled with MS or is seen as a precursor to its occurrence. “Secondary” types of 
NAFLD are many and include, among others, illnesses resulting from dietary abnor-
malities, consequences of abdominal surgery, drug use, occupational exposure to 
chemical solvents, and (rarely) metabolic disorders [18–21]. In addition, NAFLD is 
frequently caused by common viral infections (viral associated fatty liver disease—
VAFLD) and recurrent endocrine problems. These secondary types of NAFLD must 
be recognized from the main NAFLD because, for example, VAFLD caused by HIV 
infection has a poorer prognosis than primary NAFLD and NAFLD caused by 
hypothyroidism has a particular pathophysiology that, in theory, may be entirely 
reversed by thyroid replacement treatment [22].

NAFLD is notoriously underdiagnosed in primary care, data from current litera-
ture derived mostly from US studies indicating a prevalence of 2% and 5%, respec-
tively, well below the anticipated population prevalence of 25–30% [23, 24]. NAFLD 
is not detected even in the presence of MS comorbidities and US or imaging testing 
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findings of hepatic steatosis. The reasons for these “missed” diagnostics are compli-
cated, with survey research indicating that NAFLD is not a priority in primary care 
and that there is a significant knowledge gap in NAFLD diagnosis and therapy [25]. 
These occurrences result in a significant gap between existing standards and actual 
clinical practice. However, the problems that led to a change in nomenclature to elimi-
nate the confusing factor are the following: (1) in routine primary care settings, adher-
ence to NAFLD clinical practice recommendations appears to be problematic for 
reasons other than a lack of understanding; (2) the intricacy of the diagnostic criteria 
for NAFLD poses a considerable hurdle for PCPs to initiate screening or active case 
diagnosis; (3) simplifying the diagnostic criteria for fatty liver disease acceptable for 
a busy primary care setting is essential for expanding therapy into primary care set-
tings; and (4) with the time necessary to collect a complete and accurate alcohol his-
tory, patient care may be misdirected as a result of this dichotomization into alcoholic 
and nonalcoholic [26]. In addition, the limited availability and use of sensitive direct 
alcohol markers in primary, secondary, and tertiary care settings in various regions of 
the world render interviews or questionnaires the only method for distinguishing 
between alcoholic and nonalcoholic fatty liver disease.

2.3	� NAFLD and the Metabolic Syndrome: Common 
Pathophysiology Pathway and Bidirectional Interplay

Insulin resistance is the shared pathophysiological common denominator between 
NAFLD and MS, as previously stated. In the medical literature, the “chicken-and-
egg” issue regarding the temporal relationship of NAFLD and MS was finally 
resolved by recent evidence demonstrating that NAFLD is both the cause and the 
result of MS [27, 28]. Nonetheless, it became evident immediately that tackling the 
major pathogenic causes of NASH would not necessarily improve disease outcomes. 
Insulin sensitizers did not restore or even exacerbate mitochondrial defects in NASH, 
but pharmaceutical treatments, such as vitamin E, acting via pathways other than 
insulin sensitization led to histological improvement in at least some individuals 
[29]. Therefore, in blatant contradiction to pathogenesis studies, there are a few ques-
tions that arise. Firstly, is the treatment of insulin resistance never adequate to suc-
cessfully cure NASH in the vast majority of patients? This is likely the outcome of a 
variety of pathogenic pathways that interact to cause varying degrees of liver damage 
in particular patients. Based on this premise, therapy should be individualized for 
each patient. However, it is not clear how this may be achieved. Determining the role 
of each pathophysiological process in the development of NAFLD/NASH in an indi-
vidual patient remains a scientific and clinical practice obstacle. Second, should 
people with NAFLD who do not have MS and those with lean NAFLD be treated 
similarly to those who are obese? In the absence of supporting data, should men and 
women be treated equally? Regardless of whether NAFLD is the cause or outcome 
of MS (which is both, as we now know), it is essential to recognize that these two 
conditions are synergistic HCC risk factors [29, 30]. HCC is the most prevalent pri-
mary liver cancer and the fourth leading cause of cancer-related death [31].
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In their landmark publication, Bellentani et  al. correctly noted the limits of a 
“negative” definition of NAFLD and NASH as opposed to a “positive” one, i.e., 
“metabolic,” raising concerns from an established pipeline of prior investigations 
[32]. In accord, Fouad et al. identified that the reference to alcohol in the phrase 
“nonalcoholic” posed concerns of trivialization, stigmatization, and disregard by 
health authorities [33]. Recently, the factors that can influence clinical trials regard-
ing NASH have been debated, for example their differentiation according to the 
fibrotic status of the patient (cirrhotic or non-cirrhotic), the differentiation between 
clinical and preclinical studies, but also the homogeneity of the studies regarding 
the histological diagnosis of NASH by LB, not emphasizing the extrahepatic mani-
festations or rather the patient’s comorbidities [34]. Recent studies emphasize a 
rapid progression of the degree of liver fibrosis in patients with NASH in patients 
with metabolic comorbidities, who are at a high risk of developing cirrhosis. 
Therefore, a change in nomenclature is necessary to establish the risk of individual 
mortality and morbidity.

2.4	� NAFLD-MAFLD: A Debate Near the End

An expert group from as many as 22 nations developed the word MAFLD in an 
effort to combine ideas about the inaccuracy and potential detrimental implications 
of using the term “NAFLD” that had gathered over the previous few decades [9–
12]. This idea has quickly garnered support across Latin America, North Africa, and 
the Middle East, suggesting a consensus that the justifications for discarding the 
existing nomenclature exceed those for preserving it [35, 36]. The diagnostic crite-
ria for MAFLD exceed the inconveniences that were previously encountered for the 
diagnosis of NAFLD; for example, NAFLD in diabetic patients will follow the same 
path as in metabolically healthy obese patients. Similarly, it is unknown whether 
persons with altered metabolic derangements would be susceptible to the same risk 
of developing hepatic and extrahepatic problems as are usually associated with 
overt diabetes [9]. NAFLD and its subtypes nonalcoholic fatty liver (NAFL) and 
NASH were more thoroughly characterized than MAFLD from a histological stand-
point, and characterizing liver histology remains a milestone in our ability to predict 
the clinical consequences of illness. Nevertheless, physicians and patients will wel-
come the option of noninvasively identifying MAFLD, considering the numerous 
critiques that may be linked to LB [27, 37]. Experts developed a set of diagnostic 
criteria to establish the diagnosis of MAFLD-associated cirrhosis, hence removing 
the phrase cryptogenic cirrhosis among dysmetabolic individuals. Considering that 
fatty changes could disappear over time, the committee proposed that patients with 
existing cirrhosis, despite the absence of histopathologic proof of steatohepatitis, 
should then be deemed to have MAFLD-related cirrhosis if at least one of the fol-
lowing requirements is met: past or present evidence of dysmetabolic features that 
meet the criteria for the diagnosis of MAFLD (as described above) that have at least 
one of the following criteria in their medical history: prior histopathology-proven 
MAFLD or confirmation of liver steatosis using imaging modalities [9–12]. In this 

2  Nonalcoholic Fatty Liver Disease Versus Metabolic Associated Fatty Liver Disease



14

light, it is essential to note the 1999 pivotal research in which Caldwell, based on his 
series of 70 cases, was the first to argue that “NASH plays an under-recognized role 
in many patients with cryptogenic cirrhosis, the majority of whom are older, T2DM-
positive, and obese females” [38]. MAFLD takes a step further to accurately 
describe NAFLD individuals; however, it is unlikely to be the ultimate answer to all 
unmet clinical requirements. In addition, the unique concept of MAFLD integrates 
the insights acquired on the alarming interplay between NAFLD and MS, a relation-
ship that impairs liver histology, accelerates fibrosis advancement, raises the chance 
of developing HCC, and diminishes the life expectancy of NAFLD patients.

2.5	� Pro Arguments for MAFLD: Improve Disease Awareness

Decades of effort have been expended to raise the knowledge of NAFLD; neverthe-
less, a recent study demonstrates that switching from NAFLD to MAFLD boosted 
awareness of the illness among primary care providers and physicians of other spe-
cialties. Two further investigations have demonstrated that the new label MAFLD 
has increased patient awareness [35, 39]. Despite moderate acceptance, this illus-
trates the efficacy of the MAFLD criteria in the context of ordinary clinical care and 
suggests that the results are generalizable. Utilizing the MAFLD criteria more 
broadly could result in even larger gains in the care of MAFLD patients if this 
momentum is capitalized on [40] (Fig. 2.2).

The existing MAFLD care strategy can be reduced based on a transformational 
shift from NAFLD to MAFLD: better allocation of resources to diagnose more 
patients (expanding access and coverage), improved identification of patients at risk 
of disease progression and accelerated treatment initiation (linkage to care), 
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stigma
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Patient
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Fig. 2.2  Implications for 
redefining fatty liver 
disease from a primary 
care perspective
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reduction in complications among high-risk populations, and reduction in the long-
term medical costs of complications, such as those associated with advanced liver 
disease, extrahepatic cholestasis, and extrahepatic cholestasis (optimizing referral 
pathway).

Unfortunately, the fact that current NAFLD diagnosis is centered on the rejection 
of other liver diseases poses a substantial barrier to the holistic management of 
patients with liver diseases, as well as the advancement of research into the inter-
play among fatty liver disease and other liver diseases. This may result in misclas-
sification, underreporting, and suboptimal care for these patients, particularly in 
light of increasing evidence that patients with MAFLD and other consequent liver 
diseases, such as chronic viral hepatitis, alcohol intake, or autoimmune hepatitis, 
have a more severe liver injury than those with each disease alone [41–43]. An inter-
national committee of experts has emphasized the need of including MAFLD in the 
hepatitis C eradication campaign. Notably, numerous recent studies have indicated 
that in patients with simultaneous chronic hepatitis B or chronic hepatitis C, the 
MAFLD criteria are superior to the previous NAFLD criteria for detecting individu-
als with more severe liver damage, such as steatosis, fibrosis, and increased liver 
enzymes. On the other hand, the transition to MAFLD will permit the establishment 
of a multidisciplinary clinic with contributions from primary care, hepatology, 
endocrinology, and cardiology to improve both liver-related and cardiometabolic 
health [44].

2.6	� Conclusion

The MAFLD definition’s revolutionary simplification of the diagnosis and evalua-
tion may facilitate the implementation of effective fatty liver disease management, 
prevent overdiagnosis and overtreatment, and reduce underdiagnosis by PCPs. 
Thereby, this modification will enable PCPs to continue contributing to the health 
and well-being of patients in the community, based on accessibility, equity, and 
respect for the patient’s individuality, with a possible decrease in morbidity and 
mortality due to fatty liver worldwide.
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3Natural History of Nonalcoholic Fatty 
Liver Disease

Abdulrahman Ismaiel, Piero Portincasa, 
and Dan L. Dumitrascu

3.1	� Introduction

Nonalcoholic fatty liver disease (NAFLD) encompasses a spectrum of hepatic his-
topathological changes and is defined by the excessive (≥5%) deposition of fat in 
the hepatocytes, in the absence of secondary causes of hepatic steatosis such as 
significant alcohol consumption, viral infection, or drugs. The term NAFLD 
includes simple steatosis, known as nonalcoholic fatty liver (NAFL), that might 
progress to steatosis with necro-inflammatory changes, known as nonalcoholic ste-
atohepatitis (NASH), and subsequently advanced fibrosis, liver cirrhosis, and even 
HCC [1, 2].

NAFLD is currently the most frequent cause of chronic liver disease (CLD) in 
the USA and in other industrialized nations [3]. It is estimated that NAFLD will 
soon become the most frequent cause of end-stage liver disease, leading to liver cir-
rhosis and hepatocellular carcinoma (HCC), and as a result becoming the most fre-
quent indication for liver transplantation (LT) [4, 5]. The increasing prevalence of 
metabolic syndrome (MetS), overweight, and obesity worldwide over the past 
30 years [6] are closely related to the rising trends of NAFLD. Hence, the clinical 
burden of NAFLD is significant and is expected to increase as the obesity and type 
2 diabetes mellitus (T2DM) epidemics expand [4]. This combination poses the most 
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serious burden and health risk due to its multisystemic effects, which include rising 
rates of cardiovascular, oncologic, and liver-related morbidity and mortality [7–9].

Research conducted in the late 1980s and early 1990s showed the potential of 
progression to liver cirrhosis and HCC, which led to the link between NASH and 
several cases of cryptogenic cirrhosis [10–13]. The recognition of NAFLD subtypes 
provided a rationale for these opposing perspectives [14]. The spectrum of NAFLD 
is defined in Table 3.1 according to the American Association for the Study of Liver 
Diseases [15]. Moreover, Fig. 3.1 summarizes the recently published diagnosis cri-
teria for the recently proposed term, metabolic dysfunction-associated fatty liver 
disease (MAFLD) [16–18].

NAFLD is becoming more widely acknowledged as a clinically significant dis-
ease, and like any disease, the clinical significance depends on the prevalence and 
natural history of the condition [19]. The natural history of NAFLD is similarly 
significant in terms of therapeutic relevance, yet there is still a lot of uncertainty and 
controversy around this topic. The consensus is that NAFLD is not a completely 
benign disorder, as a limited number of patients progress to significant liver fibrosis 
or develop related morbidity and mortality [20]. In fact, as new evidence emerges 
over time, our knowledge of the natural history of NAFLD constantly changes.

A variety of factors, including genetic, environmental, and lifestyle factors, inter-
act and contribute to the dynamic natural history of NAFLD. Understanding the 
natural history of NAFLD, which was crucial to comprehending the clinical charac-
teristics of the condition, has significantly improved over the past 20 years [21]. 
With the aim of reducing or preventing hepatic and extrahepatic complications, this 
in turn allowed for more accurate risk assessment and establishment of appropriate 
diagnostic strategies [22].

Table 3.1  The spectrum of NAFLD

NAFLD 
spectrum Definition
NAFLD Encompasses the whole spectrum of fatty liver disease in subjects without 

secondary causes of hepatic steatosis, ranging from fatty liver to 
steatohepatitis, and subsequently liver cirrhosis

NAFL Lack of hepatocellular injury, as demonstrated by ballooning of the 
hepatocytes, or fibrosis in the presence of ≥5% hepatic steatosis. The risk of 
progressing to liver cirrhosis and hepatic failure is regarded as minimal

NASH The presence of ≥5% hepatic steatosis with hepatocellular ballooning and 
inflammation, in the presence or absence of liver fibrosis. Progression can lead 
to cirrhosis, hepatic failure, and seldomly liver cancer

NASH 
cirrhosis

Liver cirrhosis in association with previous or actual histopathological 
confirmation of hepatic steatosis or steatohepatitis

Cryptogenic 
cirrhosis

The presence of cirrhosis without a clear etiology. Metabolic risk factors like 
obesity and MetS are greatly higher in patients with cryptogenic cirrhosis

From the American Association for the Study of Liver Diseases [15]
Abbreviations: MetS Metabolic syndrome, NAFL Nonalcoholic fatty liver, NAFLD Nonalcoholic 
fatty liver disease, NASH Nonalcoholic steatohepatitis
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Fig. 3.1  The proposed “positive” diagnosis criteria for diagnosing MAFLD. Abbreviations: FBS 
Fasting blood sugar, HbA1c Glycated hemoglobin, hs-CRP High-sensitivity C-reactive protein, 
T2DM Type 2 diabetes mellitus

Understanding the natural history of NAFLD is crucial for determining the clini-
cal relevance of NAFLD, defining long-term outcomes, and risk-stratifying patients 
for complications and mortality. In addition, to balance the risks and advantages of 
various therapies more accurately, it is crucial to understand the natural history and 
consequences of any disease [23]. This is certainly relevant in NAFLD, given the 
vast spectrum range of associated comorbidities [24, 25].

In this chapter, we present the latest evidence regarding the natural history of 
NAFLD and its implications for a more rational and personalized approach to this 
disease that presents characteristics of a global epidemic.

3.2	� Rationale for Understanding the Natural History 
of NAFLD

Diet and exercise carry minimal risk in comparison to their potential advantages 
and are therefore generally encouraged. On the contrary, in individuals with active 
steatohepatitis and red flags of progressive advancing fibrosis, pharmacological 
interventions should be taken into consideration [23]. However, unless they are 
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very well targeted at the patient subset, such therapies are probably going to be 
associated with high costs and considerable side effects, possibly outweighing 
their benefit.

Furthermore, the majority of patients with NAFLD also have insulin resistance 
or MetS [23, 26]. Therefore, there is an even greater need to understand the spec-
trum of NAFLD in the context of other comorbidities linked to MetS, given the 
strong relationship of NAFLD with, for instance, cardiovascular disease (CVD) [9, 
27, 28]. NAFLD patients present an increased mortality rate due to CVD, being the 
most common cause of death in NAFLD patients, as well as cirrhosis and hepatic 
and extrahepatic cancers [29–32].

3.3	� Risk Factors and Predictors for NAFLD Progression

Numerous risk factors appear to be associated with NAFLD progression (Fig. 3.2).

Fig. 3.2  Risk factors and 
predictors for NAFLD 
progression. Abbreviations: 
NAFLD Nonalcoholic fatty 
liver disease
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3.3.1	� Age

The prevalence of NAFLD and NAFLD-related fibrosis increases with age, even 
though NAFLD has been characterized in individuals of all ages [33–36]. Along 
with the correlation between age and NAFLD prevalence, NAFLD patients of older 
age also present an increased risk of disease progression or mortality [37–39].

Because older patients frequently also have significantly higher rates of other 
risk factors including MetS, T2DM, and obesity, it might be challenging to deter-
mine whether age per se is indeed an independent risk factor. Although this may be 
due to the accumulation of metabolic exposures over time and the prolonged dura-
tion of NAFLD in these populations, cross-sectional studies have consistently 
shown an association between aging and more severe fibrosis in NASH patients [40, 
41]. The likelihood of associated conditions such as severe liver fibrosis, HCC, and 
T2DM also rises with age [42–44]. These risk factors are undoubtedly more preva-
lent in older age populations. On the other hand, longitudinal studies have not con-
sistently shown how age affects the quick progression of fibrosis [45].

It is noteworthy that NAFLD prevalence is rising in all age groups, including in 
the youth [46]. Comprehensive research is required in this area, even if age seems 
to be a plausible risk factor for NAFLD and NASH. It is unclear whether age is an 
independent risk factor for the progression of NAFLD and liver fibrosis. Notably, 
the relationship between age and increased prevalence of NAFLD, advanced liver 
fibrosis, and cirrhosis in NAFLD may be attributed to the duration or to the prepon-
derance of other risk factors in older patients, presenting stronger associations with 
NAFLD and a higher rate of progression to NASH and fibrosis than to age itself.

3.3.2	� Sex

The published data regarding sex as an independent risk factor for NAFLD are con-
tradictory. NAFLD was once believed to affect females more frequently, although 
more recent studies report male sex being a risk factor for NAFLD [33, 46–49]. 
According to studies assessing the prevalence of NASH in Western populations, 
females make up between 60% and 83% of NASH diagnoses [50]. On the other 
hand, prospective studies reported that males present with NAFLD more frequently 
than females [51, 52]. NAFLD was shown to be prevalent in 16% of females and 
31% of males in a study involving 26,527 Asian subjects who received medical 
health examinations [53]. The occurrence of histological NASH, hepatic fibrosis, 
and increased aminotransferase levels and overall mortality in NAFLD patients 
were also found to be associated with male sex [37, 54, 55]. However, limited 
research proposed a link between female sex with NAFLD and liver fibrosis [38, 
56], while one study found that female patients with MetS presented an independent 
risk factor for NASH [57]. Given these differences, it is likely that males and females 
develop NAFLD and its progression in distinct manners. Whether such gender-
related differences are partly related to the hormonal profile is still a matter of dis-
cussion. More research is needed on this topic to clarify the current gaps in evidence.

3  Natural History of Nonalcoholic Fatty Liver Disease
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3.3.3	� Race and Ethnicity

Recent research demonstrated that racial and ethnic differences influence the preva-
lence of NAFLD. Nevertheless, their impact as a risk factor for NAFLD remains 
unclear. The prevalence of NAFLD, hepatic steatosis, and increased aminotransfer-
ase levels is highest among Hispanics and then non-Hispanic Whites, with African 
Americans having the lowest prevalence [54, 58, 59].

Although it was suggested that instead of being a real risk factor, ethnicity and 
race most likely correlate with the incidence of obesity and the underlying MetS, it 
was reported that several indicators of NAFLD, like the degree of visceral adiposity, 
are consistent across racial and ethnic groups [46, 59]. When compared to 
Caucasians, Hispanic patients were shown to have a higher prevalence of NAFLD, 
without any difference in the severity of liver damage between the two ethnic groups 
[54, 60]. African American patients may have less severe histology than Asian 
patients, though this difference may be confounded by factors including diet [61, 
62]. Asian patients may also be more prone to more severe histological changes, 
such as ballooning. While serum adiponectin levels are only related with NAFLD in 
African Americans, other correlates (such as age, triglycerides, and plasminogen 
activator inhibitor-1 [PAI-1]) are only associated with NAFLD in Hispanics [59]. 
These apparent racial and familial disparities might be an indication of an underly-
ing genetic predisposition or environmental variables.

3.3.4	� Genetic Polymorphisms

The often-recorded familial clustering of NAFLD raises the question of whether 
genetic variants play a pathogenic role [63, 64]. Several genetic polymorphisms 
have been linked to NAFLD, as outlined in Fig. 3.3 [65, 66]. After adjusting for age, 
sex, and metabolic factors, a study including over 1000 participants with biopsy-
proven NAFLD reported that patatin-like phospholipase-3 (PNPLA3) and trans-
membrane 6 superfamily member 2 (TM6SF2) polymorphisms were linked to a 
40–88% higher risk for advanced fibrosis [67].

According to genotyping data related to the epidemiology of NAFLD, a poly-
morphism in PNPLA3, which encodes the I148M protein variant, is probably the 
most significant genetic determinant of hepatic steatosis and serum ALT levels [68]. 
The mechanisms known as lipogenesis and lipolysis were believed to play a role in 
the ability of PNPLA3 to regulate adipocyte formation as well as the production and 
breakdown of fats in hepatocytes and adipocytes [69]. The ethnicity most at risk for 
NAFLD, Hispanics, had the highest frequency of this allele (0.49), while Caucasians 
(0.23) and African Americans have lower frequencies (0.17) [46]. This polymor-
phism also predisposes subjects without hepatic steatosis to approximately 28% 
elevations in ALT levels [70]. Furthermore, I148M homozygotes are more likely to 
develop NASH (OR 3.488) [70]. This is thought to be caused by PNPLA3 interfer-
ing with triglyceride hydrolysis in hepatocytes, which predisposes to NAFLD [71].

A. Ismaiel et al.
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Fig. 3.3  Genetic variants associated with NAFLD. Abbreviations: ERLIN1 ER lipid raft associ-
ated 1, GCKR Glucokinase regulator, MBOAT7 Membrane-bound O-acyltransferase domain-
containing 7, MTTP Microsomal triglyceride transfer protein, NAFLD Nonalcoholic fatty liver 
disease, NCAN Neurocan, PEMT Phosphatidylethanolamine N-methyltransferase, PNPLA3 
Patatin-like phospholipase domain-containing protein 3, PPP1R3B Protein phosphatase 1 regula-
tory subunit 3B, SOD2 Superoxide dismutase 2, TM6SF2 Transmembrane 6 superfamily member 
2, TRIB1 Tribbles pseudokinase 1, UCP2 Uncoupling protein 2

Additionally, another common genetic polymorphism in the general population 
is the TM6SF2 [67]. Genome-wide association studies have found that the rs738409 
and rs58542926 single nucleotide polymorphisms (SNPs) of these respective genes 
are linked to an elevated risk of NAFLD as well as the development of more severe 
liver histology [67, 68, 72]. The role of TM6SF2 in promoting triglyceride and cho-
lesterol retention in the liver may predispose to NAFLD and liver fibrosis. With this 
mutation, unexpectedly, a cardioprotective role described as the “Catch-22” para-
digm has been observed because of decreased levels of VLDL production and 
improved blood triglyceride levels with unmodified insulin sensitivity [73].
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Furthermore, membrane-bound O-acyltransferase domain containing 7 
(MBOAT7) rs647138 polymorphism was also evaluated in NAFLD patients. 
Irrespective of genetic background, downregulation of MBOAT7 is a maladaptive 
response to hyperinsulinemia that promotes intracellular hepatic fat deposition due 
to impaired arachidonoyl-phosphatidylinositol, which increases lipogenesis by pro-
moting the conversion of saturated lysophosphatidylinositol to triglycerides, poten-
tially increasing the risk of hepatic steatosis, NASH, and hepatic fibrosis [74]. 
Several studies including systematic reviews and meta-analyses reported that 
MBOAT7 rs641738C>T is associated with increased hepatic fat, NAFLD severity, 
susceptibility to develop NASH, advanced fibrosis, and HCC in adults from 
Caucasian, Hispanic, and African American ethnicities, as well as elevated ALT 
levels in children [75, 76]. Nevertheless, these findings were inconclusive in Asian 
populations.

An SNP in the IFNL4 gene, which was found to be related to interferon-based 
treatment response in chronic hepatitis C, was also reported to be associated with 
liver fibrosis in NAFLD [72, 77]. Additionally, significant NAFLD contributors 
include genetic variations in NCAN, GCKR, and LYPLAL1 [78]. Moreover, GCKR 
has been independently found to be a genetic determinant for NAFLD in Chinese 
individuals [79].

Numerous additional genetic variants have also been linked to NAFLD or NASH 
risk and may be responsible for the racial and ethnic differences in populations. 
Further studies are being done on this field.

3.3.5	� Metabolic Conditions

In comparison to the general population, cohorts of patients with preexisting meta-
bolic disorders had higher rates of NAFLD.  Particularly close associations exist 
between T2DM and obesity in NAFLD. An increase or decrease in body mass index 
(BMI) over time has also been linked to liver fibrosis improvement or worsening in 
NAFLD patients. Despite conflicting results between hypertension as a risk factor 
for the progression of liver fibrosis, a recent meta-analysis considered hypertension 
to be a risk factor for fibrosis progression [45, 58].

An essential component of the MetS is T2DM, while T2DM and fatty liver dis-
ease have long been known to be closely related. The development of T2DM was 
found to parallel liver fibrosis progression, while better glycemic control was found 
to be associated with liver fibrosis resolution [80–82]. A total of 69% of individuals 
with T2DM were found to have ultrasound-diagnosed NAFLD [83]. It is essential 
to remember that advanced fibrosis and NASH are frequently seen in diabetic 
patients who are clinically asymptomatic and, in some situations, have normal liver 
enzymes. The risk of developing hepatic steatosis is also increased in diabetic 
patients due to their susceptibility to obesity and hypertriglyceridemia. Evidence 
also suggests that diabetic NAFLD patients present with increased mortality, cir-
rhosis, and progression rates than nondiabetic NAFLD patients. According to the 
analysis conducted by Stepanova et  al. including the NHANES III (1988–1994) 
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data, T2DM was an independent predictor of mortality as well as a substantial risk 
factor for liver-related mortality [84].

Obesity has long been recognized as a risk factor for NAFLD. It is important to 
highlight that other risk factors that predispose to hepatic steatosis can be additive 
to obesity. For instance, obesity doubles the risk of steatosis in heavy drinkers [85]. 
Due to the obesity pandemic, bariatric surgery is one of the procedures with the 
fastest growth in the USA. Since intraoperative liver biopsies during bariatric sur-
gery have become commonplace during the past 10 years, numerous studies have 
been conducted on morbidly obese patients, who have a high prevalence of NAFLD 
and NASH [44, 56, 86–88]. These findings provide significant support for the 
hypothesis that obesity is a major risk factor for NAFLD and NASH, with bariatric 
surgery patients also showing advanced fibrosis [56]. The likelihood of developing 
fibrosis in obese individuals varies depending on the fibrosis type. Although 67% of 
patients undergoing gastric bypass surgery exhibited portal fibrosis, perisinusoidal 
fibrosis was found in approximately 4% [86, 89–91]. Interestingly, NAFLD rates in 
obese nondiabetic patients range from 57 to 98% [89, 92, 93]. Moreover, a study 
reported that central obesity rather than an increased BMI was found to be a risk 
factor for NAFLD [94]. According to experts, central obesity, as measured by the 
waist-to-hip ratio, is significantly linked to insulin resistance.

Another crucial component of the MetS is elevated cholesterol, or more precisely 
hypertriglyceridemia, which is usually linked to both obesity and T2DM [46]. 
Dyslipidemia is acknowledged as a known risk factor for NAFLD development.

Furthermore, it was recently suggested that polycystic ovarian syndrome (PCOS) 
is the ovarian manifestation of the MetS [95]. In one study, it was observed that 
hepatic steatosis and elevated HOMA-IR values were present in 55% of PCOS 
patients [96]. According to hepatic steatosis and elevated ALT levels, 41% of PCOS 
patients had concurrent NAFLD [97]. Additionally, several research have revealed 
that obese PCOS patients had even greater rates of being diagnosed and a higher 
likelihood to develop NAFLD or NASH [98].

3.4	� Natural History of Nonalcoholic Fatty Liver Disease

3.4.1	� Evolution of Simple Steatosis

A comprehensive understanding of NAFLD progression is summarized in Fig. 3.4. 
Whereas previous research suggested that NAFL/simple steatosis had a benign nat-
ural history [99], later research has shown that even NAFL has the potential for 
progression [100]. Notably, while progression from NAFL to NASH and severe 
fibrosis is possible in a subgroup of individuals, regression from NASH to NAFL 
under certain circumstances can also occur over time. Therefore, although patients 
with NAFL may have the smallest progression risk, the presence of NAFL or NASH 
on a baseline histological assessment offers minimal overall prognostic value. 
According to current theories, NAFL and NASH cycle dynamically throughout 
NAFLD initial phases [101].

3  Natural History of Nonalcoholic Fatty Liver Disease



28

Fig. 3.4  The progression spectrum of NAFLD. Abbreviations: HCC Hepatocellular carcinoma, 
NAFL Nonalcoholic fatty liver, NAFLD Nonalcoholic fatty liver disease, NASH- Nonalcoholic 
steatohepatitis

Approximately 80% of patients who experience some liver fibrosis progress to 
mild stages of fibrosis (F0–F2) [101]. Nevertheless, 20% of individuals experience 
a substantial progression of fibrosis, leading to advanced fibrosis (F3–F4) within a 
couple of years. The prolonged disease duration and the fact that steatosis typically 
precedes NASH may help to explain the advanced fibrosis stages seen in NASH, 
compared with NAFL. In recent research, patients with NASH were found to be 
9 years older than NAFL patients, supporting this hypothesis [102]. A total of 39% 
and 23% of participants with simple steatosis had advanced to borderline and defi-
nite NASH, respectively, according to a longitudinal Asian cohort study including 
52 patients with biopsy-proven NAFLD who underwent repeat biopsies following 
3 years [80]. In a cohort of 70 NAFLD patients with paired biopsies, of whom 25 
patients had simple steatosis, Pais et al. reported that 64% of patients with simple 
steatosis developed progression to NASH, while 24% presented with advanced 
fibrosis after an average of 3.7 years [81].

Interesting insights into the dynamic evolution of the natural history of NAFLD 
were obtained from a systematic review and meta-analysis of paired biopsies from 
11 cohort studies that included 411 patients with biopsy-proven NAFLD (150 with 
NAFL and 261 with NASH) and over 2145.5 person-years of follow-up [45]. 
Altogether, 33.6% of patients had fibrosis that progressed, compared to 43.1% who 
had stable fibrosis and 22.3% who had regression of the fibrosis [45]. In NAFL 
patients, the mean fibrosis progression rate was 0.07 stages per year, while it was 
0.14 stages per year in NASH patients. Hence, this data suggests that in NAFL and 
NASH, hepatic fibrosis progresses by one stage every 14 and 7 years, respectively. 
Interestingly, 20% of patients without fibrosis at baseline proceeded quite quickly to 
advanced-stage (F3–F4) fibrosis, regardless of the presence of NAFL or NASH on 
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baseline biopsy, while 80% of patients had little to no hepatic fibrosis progression 
[45]. In another study, 80% of NAFL patients with fibrosis progression also devel-
oped T2DM, compared to NAFL patients who did not progress, considering T2DM 
as a clinical indicator of a more aggressive disease [102].

The increased risk of T2DM and mortality in NAFLD was validated by a meta-
analysis that included 40 studies, where NASH was linked to a greater overall and 
liver-related mortality when compared to NAFL, with an odds ratio of 5.7 and 1.8, 
respectively [103]. Nevertheless, cardiovascular mortality in NASH did not differ 
significantly from NAFL (OR 0.91) [103]. Even though fibrotic NASH and NASH-
related cirrhosis patients are more likely to develop HCC, recent research reveals 
that HCC can still develop in individuals with NAFL who show no signs of fibrosis, 
hence leading to HCC arising from non-cirrhotic NASH [104, 105]. Accordingly, 
the emphasis should be on accurately and promptly identifying the small group of 
rapid progressors, with T2DM being an important risk factor [45].

3.4.2	� NASH and Evolution of Liver Fibrosis

The prognosis of each NAFLD patient can vary greatly. In contrast to simple steato-
sis, the development of NASH and associated progression risk factors were exten-
sively studied lately and are well documented in numerous studies. In patients with 
NASH, which is frequently defined by the NAFLD activity score (NAS score), a 
higher probability of progressing disease was first described [72]. The NAS score 
was initially created as a method for evaluating efficacy in clinical trials, but it has 
since been used more broadly to define NASH and evaluate histological activity. 
The NAS is the disproportionate sum of steatosis, ballooning, and lobular inflam-
mation [106].

The global prevalence of NASH in NAFLD patients has been estimated to be 
59% in a recent meta-analysis of biopsy-proven NAFLD patients [21]. Age, male 
sex, weight, insulin resistance, hypertension, total cholesterol, MetS, hyperurice-
mia, inflammation at index biopsy, low baseline AST to ALT, and specific genetic 
polymorphisms, as well as thyroid-stimulating hormone and vitamin D levels, are 
all predictors of histologic findings linked to the advancement of fibrosis in NASH 
patients [107–112].

A systematic review conducted by Argo et al. found that throughout the mean 
period of 5.3 years as follow-up, 37% of 221 patients with NASH developed pro-
gressive fibrosis [113]. In a more recent meta-analysis including 7 studies with 116 
NASH patients, it was observed that 34.5% of the patients progressed toward fibro-
sis, while 38.8% remained stable, and 26.7% developed resolution or improvement 
of their fibrosis. Accordingly, the rate of annual fibrosis progression in NASH 
patients without fibrosis at baseline was 0.14 stages (95% CI 0.07–0.21 stages), 
indicating a progression time of 7.1 years on average [45]. The pooled mean fibrosis 
progression rate was estimated to be 0.09 (95% CI 0.06–0.12) in a recent meta-
analysis of four studies involving biopsy-proven NASH patients. Moreover, the per-
centage of fibrosis progression was estimated to be 40.76% (95% CI 34.69–47.13) 
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in a meta-analysis of six studies with histologically confirmed NASH. Nevertheless, 
it is worrying to highlight that one in five individuals with progression was classi-
fied as “fast progressors,” patients who advanced from stage 0 fibrosis on the initial 
biopsy to bridging fibrosis or cirrhosis during follow-up [21]. Nevertheless, the 
design of the analysis prevented parameters linked to rapid progression from being 
identified, highlighting a critical gap in evidence of the natural history of NAFLD 
and associated fibrosis and necessitating more research.

To establish the importance of the NAFLD histologic features for long-term 
prognosis, Angulo et  al. performed an international multicenter cohort research 
[114]. Their study revealed that the most significant histological characteristic 
linked to overall survival and liver-related morbidity was fibrosis stage, not 
NASH. Noteworthy, only those with advanced fibrosis (F3–F4) had a higher risk of 
liver-related complications including ascites, encephalopathy, or varices. However, 
even patients with mild fibrosis had a higher risk for overall mortality compared to 
those with no fibrosis. Ekstedt et al. evaluated a cohort of 229 patients with biopsy-
proven NAFLD who were followed for an average of 26.4 years [115]. NAFLD 
individuals with F3–F4 fibrosis stages at baseline presented the worse outcome (HR 
3.3 [95% CI 2.27–4.76, p-value <0.001]). Furthermore, NAFLD patients presented 
higher mortality rates compared to a matched reference sample. Patients with a high 
NAS (5–8) who did not have significant fibrosis, however, did not have an increase 
in mortality rates when compared to the reference sample.

These findings highlight the necessity of routinely evaluating fibrosis in all 
NAFLD patients to determine their prognosis and, consequently, the necessity of 
monitoring and liver-specific treatment. The identification of NAFLD patients 
known as quick progressors, who can rapidly progress to advanced fibrosis in a very 
short period of time, is concerning with significant importance [45].

3.4.3	� Advanced Fibrosis and Cirrhosis

In general, we know less about the long-term effects and natural course of advanced 
fibrosis and cirrhosis caused by NAFLD. In approximately 10–25% of NASH patients, 
progressive fibrosis or cirrhosis could develop [14, 116–118]. Patients with NASH who 
develop cirrhosis have a poor prognosis because of the associated consequences.

A meta-analysis has estimated the global incidence of advanced fibrosis in 
NASH patients to be 67.95 per 1000 person-years, with fibrosis progression affect-
ing 41% of NASH patients and an average yearly progression rate of 0.09% [21]. 
NAFLD patients can develop cirrhosis in up to 25% of the cases [119, 120] and 
end-stage liver disease in 7% [121]. In NASH patients, progressive fibrosis and cir-
rhosis are predicted by carotid artery disease, T2DM, and obesity [122–124]. 
Additionally, a systematic review including ten studies that involved 221 NASH 
patients found that advanced fibrosis was independently correlated with age and 
inflammation related to baseline liver biopsy [113].

In a cohort study of 23 patients with NASH-related cirrhosis in Australia, out-
comes were contrasted to patients with chronic hepatitis C virus (HCV)-related cir-
rhosis [125]. A total of 39% of patients with NASH-related cirrhosis experienced 
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liver-related complications over a 7-year follow-up period, while survival was not 
significantly different between the NASH and HCV-related cirrhosis groups [125]. 
On the contrary, another study comparing 152 NASH-related cirrhosis patients to 
150 matched HCV-related cirrhosis patients found a decreased mortality rate, as 
well as a lower likelihood of developing ascites, hyperbilirubinemia, and HCC dur-
ing a 10-year follow-up duration. Nevertheless, patients with NASH-related cirrho-
sis had a higher frequency of cardiovascular mortality [126]. NAFLD patients 
showed lower risks of liver-related complications than age- and sex-matched 
patients with HCV-related advanced fibrosis or cirrhosis, including HCC, in a pro-
spective, multinational analysis of 247 patients with biopsy-proven NAFLD 
advanced fibrosis (grade 3) or cirrhosis. The two groups’ rates of cardiovascular 
events and total mortality were comparable [127].

Powell et  al. observed that the progression of advanced fibrosis/cirrhosis was 
accompanied by a decrease in steatosis and inflammatory modifications, which was 
highlighted as one significant finding regarding the natural history of NASH to cir-
rhosis [10]. Patients with NAFLD-related cirrhosis appear to experience less liver-
related morbidity and mortality compared to HCV-related cirrhosis. Hui et  al. 
compared patients with NASH-related cirrhosis and HCV-related cirrhosis, report-
ing that both had similar rates of liver-related complications and overall mortality, 
while NASH-related cirrhosis patients presented lower rates of HCC [125].

There is growing acknowledgment that NASH makes up a significant amount of 
what was formerly known as cryptogenic cirrhosis, the term used to describe any cir-
rhosis with an undetermined origin. Data on cryptogenic cirrhosis may provide indirect 
information regarding the natural course of NAFLD-related cirrhosis [125]. Powell’s 
preliminary findings justify reclassifying a significant number of patients who were 
first diagnosed with cryptogenic cirrhosis as having burned-out NASH [10]. Many of 
these patients have established risk factors for MetS [11, 12], despite not presenting 
histological NASH features. This might be due to regression concomitantly with fibro-
sis progression [11, 128]. The increasing prevalence of NASH in patients who under-
went liver transplants for cryptogenic cirrhosis confirms this theory [129].

The assumption that progressive NASH accounts for a considerable proportion of 
cryptogenic cirrhosis is further supported by the fact that these patients have a high 
prevalence of diseases linked to MetS and that NASH can recur after liver transplant 
[129]. It is also important to remember that in the USA, burned-out NASH is now 
thought to have been the primary cause in most subjects with cryptogenic cirrhosis. 
Subacute liver failure can occasionally be evident in patients with cirrhosis who had 
not previously been diagnosed. Uncertainty surrounds the triggering factors for such 
a severe deterioration. These patients have a higher chance of developing HCC.

3.4.4	� Hepatocellular Carcinoma

Nearly all types of CLD, including NAFLD, carry a considerable likelihood of 
developing HCC [128]. The occurrence of HCC provides additional proof of the 
progressive character of some NAFLD subsets. HCC incidence has been rapidly 
rising in developed countries such as the USA and Europe, formerly thought of as 
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having low HCC prevalence, concomitant with the NAFLD epidemic [130]. This 
may reflect the rising prevalence of NAFLD [131]. Patients with cirrhosis are likely 
to be at risk for developing HCC among the NASH cohorts. The incidence of HCC 
is increasing worldwide, and it is one of the six most frequent cancers in the world 
[131, 132]. It is also the third most common cause of cancer-related mortality.

Patients with HCC attributable to NAFLD tend to be older and of female sex than 
those with HCC compared to alternative CLD etiologies such as viral hepatitis, 
autoimmune, or metabolic liver disease that add to the overall burden of HCC [133]. 
Numerous studies have shown a link between MetS, T2DM, and obesity with HCC, 
indicating that NAFLD is significantly contributing to the increased incidence of 
HCC [132, 134, 135]. In the absence of cirrhosis, the possible processes linking 
MetS, obesity, T2DM, NAFLD, and HCC are likely connected to the etiology of the 
underlying condition rather than to fibrosis solely. Insulin resistance, hepatic 
steatosis-promoting adipose tissue-derived inflammation, adipokines, oxidative 
stress, lipotoxicity, activation of insulin-like growth factor, gut microbiome, nutri-
tion, genetics, and other factors all contribute to liver carcinogenesis [134–138].

Patients with NASH cirrhosis and cryptogenic cirrhosis linked to prior NASH 
are two main risk groups [23]. In a cohort of 1500 US veterans with HCC identified 
over a 6-year period, NASH was identified to be the third most prevalent risk factor 
for HCC [139]. Due to insufficient surveillance, delayed diagnosis of HCC can 
commonly occur [140]. According to a recent study conducted using data from the 
Surveillance, Epidemiology, and End Results (SEER) database, individuals with 
NAFLD had a 2.6-fold higher risk of developing HCC, and the prevalence of 
NAFLD-related HCC may be rising by roughly 10% yearly [141]. With cumulative 
incidence rates reported to be between 2.4 and 12.8% [142], advanced fibrosis con-
tinues to be a significant risk factor for the development of HCC. In some areas, it 
has been reported that more than 40% of NASH-related cirrhosis patients would 
progress to develop HCC [143]. Although it is currently unknown if the biology of 
NAFLD-associated HCC exhibits special features, this can be assumed and may 
present distinctive therapeutic options [104]. A recently published systematic review 
and meta-analysis showed a pooled incidence rate of HCC being 1.25 per 1000 
person-years (95% CI 1.01–1.49; I2 = 94.8%) [144]. Moreover, the incidence rate of 
HCC was 14.46 per 1000 person-years in NAFLD patients with advanced liver 
fibrosis or cirrhosis (95% CI 10.89–18.04; I2 = 91.3%) [144].

HCC is still a rare consequence of NAFLD, while liver cirrhosis plays an impor-
tant influence for disease progression. A Japanese study involving 6508 ultrasound-
diagnosed NAFLD patients found that after 8 years, the incidence of HCC was just 
0.2%, whereas patients with advanced fibrosis as defined by the AST-platelet ratio 
index (APRI) had higher risk with a 25-fold [145]. Alarmingly, it has been reported 
that HCC developed in non-cirrhotic NAFLD patients without considerable fibrosis, 
pointing to the possibility that steatosis itself increases the risk of cancer [42, 142, 
146]. Due to limited surveillance, HCC is commonly discovered at an advanced 
stage compared to individuals with viral hepatitis, hence possibly providing an 
explanation for the worse outcomes reported in various studies [140]. The extent of 
this risk has yet to be determined.
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3.5	� Liver Transplantation

Patients with decompensated NASH-related cirrhosis can become candidates for LT 
[147]. Since T2DM and cardiovascular risk factors are prevalent in this group, other 
underlying risk factors most likely also aggravate matters. According to published 
research, the outcomes of LT in NASH-related cirrhosis patients are comparable to 
those of patients receiving transplants for liver disorders caused by different etiolo-
gies. Recurrence occurs often in the posttransplant liver, appearing in 20–33% of 
cases, and periportal fibrosis is detected in 18% of patients by 18  months, with 
reported 5-year survival rates ranging from 71 to 75% [148, 149].

The connections between developing NASH and LT for severe cirrhosis have 
been concealed by a variety of factors [23]. First off, a lot of these individuals have 
coexisting MetS-related diseases that preclude them from being transplant candi-
dates. In addition to diseases like CVD, a BMI >35–40 is another frequent exclusion 
criterion. Second, early series might not have recognized the underlying disease 
because the connection between NASH and cryptogenic cirrhosis has only been 
more apparent in the last decade. Finally, throughout time, the established terminol-
ogy and nomenclature for NASH-related cirrhosis have changed. This may be seen 
in the UNOS databases, as cryptogenic cirrhosis has marginally decreased during 
this period while NASH-related cirrhosis has become more widely recognized since 
the early 2000s. It should come as no surprise that systemic comorbidities have a 
considerable impact on the outcome of LT in this group [150].

Additionally, it has been shown that individuals who have undergone LT experi-
ence recurrence of NAFLD and NASH, which is linked to the continuation of the 
MetS after LT and is adversely correlated with weight loss following LT [148, 151, 
152]. This topic was assessed by several systematic reviews and meta-analyses. 
Saeed et  al. conducted a meta-analysis of 17 studies, representing 2378 patients 
[153]. The authors reported mean incidence rates for recurrent NAFLD of 59%, 
57%, and 82%; de novo NAFLD of 67%, 40%, and 78%; recurrent NASH of 53%, 
57.4%, and 38%; and de novo NASH of 13%, 16%, and 17%. Moreover, multivari-
ate analysis showed that hyperlipidemia and post-LT BMI were the most accurate 
outcome predictors. Using data from 12 studies and 2166 participants, Losurdo 
et  al. conducted another meta-analysis and found that the prevalence of de novo 
NAFLD was 26% (95% CI 20–31%) [154]. In another recent meta-analysis, the 
recipient age, functional status, pre-LT hepatoma, MELD score, T2DM, pre-LT 
dialysis, hepatic encephalopathy, portal vein thrombosis, hospitalization/ICU at LT, 
and year of LT were found to be predictive variables of post-LT NASH patient sur-
vival [155].

3.6	� Resolution of Nonalcoholic Fatty Liver Disease

There is scarce data in the current literature about successful NAFLD resolution. 
Large population-based studies with a lack of long-term follow-up and limited 
biopsy data further limit our knowledge regarding this topic. Studies about bariatric 
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surgery patients have provided the most convincing data to date. Inflammation was 
resolved by bariatric surgery in 50% of patients (95% CI 35–64%), ballooning 
degeneration by 76% (95% CI 64–86%), and fibrosis by 40% (95% CI 29–51%), 
according to a systematic review and meta-analysis of 32 cohort studies that 
included 3093 liver biopsy specimens. After having bariatric surgery, patients’ 
mean NAFLD activity scores were considerably lower (mean difference 2.39 [95% 
CI 1.58–3.20; p-value <0.001]) [156]. However, 12% of patients (95% CI 5–20%) 
who underwent bariatric surgery experienced new or worsening of NAFLD charac-
teristics, such as fibrosis [156].

3.7	� Conclusion and Future Perspectives

NAFLD is the most prevalent CLD worldwide, and its incidence is rising in parallel 
with the epidemic of obesity and MetS. Despite a small amount of disagreement in 
the evidence regarding the natural history of NAFLD, it appears that some subsets 
of NAFLD may be more susceptible than previously believed to disease progres-
sion, possibly leading to steatohepatitis, and subsequently to fibrosis and cirrhosis, 
as well as HCC. Metabolic risks including diabetes, obesity, and hypertension, in 
addition to several genetic and environmental factors, affect the severity of the 
underlying liver histology and are therefore likely to affect the likelihood of devel-
oping cirrhosis and HCC. With a significant clinical burden for the present and the 
future, NAFLD emerges as a serious disease entity.

It is necessary to continue researching NAFLD natural history and its conse-
quences by conducting high-quality prospective research. Enhanced prevention, 
screening, monitoring, and treatment modalities can be established with a better 
understanding of the natural history of NAFLD and the factors that influence its 
progression and long-term effects.
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4.1	� Epidemiology

Nonalcoholic fatty liver disease (NAFLD) is defined as hepatic fat accumulation 
without any other known causes of liver damage, classified as nonalcoholic fatty 
liver (simple steatosis) and nonalcoholic steatohepatitis (NASH), which is defined 
as fatty infiltration associated with necroinflammation. In the USA, NAFLD is pres-
ent in one-third of the adult population. Over time, the prevalence has increased and 
has been attributed to the obesity epidemic, increasing with a 21% from 2015 to 
2019 [1].

Rafiq et al. observed a higher mortality in those with NAFLD when compared to 
the general population; the percentage for liver-related deaths was 13% compared to 
<1% in general population, and 3% of those with NAFLD developed cirrhosis [2].

Primary liver cancer represents the sixth most common cancer and also the third 
cause of cancer-related death in the entire world, accounting 80% of all primary 
liver cancers [3].

Liver cancer encompasses a multistep process of chronic inflammation → fibro-
sis → cirrhosis → and hepatocellular carcinoma (HCC). The most important risk 
factor for HC is cirrhosis; however, 12% of patients progress in the absence of cir-
rhosis [3] (Fig. 4.1). An important percentage of people with NASH presents, dur-
ing the entire life, an evolution to fibrosis (34–42%), and to cirrhosis also.

NAFLD is the fastest growing cause of cirrhosis and HCC in the USA [4].
Patients with NASH are more likely to develop an advanced progressive liver 

disease. There are a lot of studies which demonstrated that the rates of cirrhosis in 
patients with NASH are increased compared to those with fatty liver without NASH 
(25% compared with 3%). For these people, the risk of liver disease-related death is 
increased (11% versus 2%) [2].

C. Pop (*) · S. Diaconu 
University of Medicine and Pharmacy Carol Davila Bucharest, Bucharest, Romania

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
A. Trifan et al. (eds.), Essentials of Non-Alcoholic Fatty Liver Disease, 
https://doi.org/10.1007/978-3-031-33548-8_4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-33548-8_4&domain=pdf
https://doi.org/10.1007/978-3-031-33548-8_4


46

NAFLD prevalence 21% general
population

NAFLD

NASH

34- 42% 18-22% 

NASH+ FIBROSIS F1-F3 

NASH+ CIRRHOSIS F4

HCC

2.4-
12.8%/YEAR 

Fig. 4.1  The sequential 
pathophysiological states 
of NAFLD → HCC [7]

A meta-analysis of 19 studies published in August 2022 which included 168,517 
participants determined that nonalcoholic steatohepatitis (NASH) was the most 
common cause of non-cirrhotic HCC patients [3].

A study published in 2019 in the USA showed a 2.6% yearly cumulative inci-
dence of HCC and 4% in cirrhosis in NAFLD patients [5]. Diabetes and obesity 
were two independent risk factors for HCC, and that association with NAFLD 
increased the risk for HCC.

Another study published in Germany established that NAFLD is the most com-
mon etiology of HCC (24%), followed by chronic hepatitis C (23.3%), chronic 
hepatitis B (19.3%), and alcoholic liver disease (12.7%) [5].

The incidence of HCC has increased in the USA during the past 25 years due to 
increase in HCV infection, increase in immigrants from HBV-endemic countries, 
and, the most important, increase in nonalcoholic liver disease [5].

Over the course of 20 years between 1995–1999 and 2010–2014, the prevalence of 
NASH-associated HCC increased from 2.6% to 19.5%. NASH is the second most 
common indication for liver transplantation in the USA after chronic C hepatitis [3, 6].

The development of HCC on a NASH background was described for the first 
time in literature in 1990 by Powell and colleagues when they reported a 5-year 
follow-up study of 42 patients with NASH.  In another study from the USA, the 
yearly cumulative incidence of HCC was 2.6% in patients with NASH-associated 
cirrhosis compared with 4% in HCV-related cirrhosis [7]. However, retrospective 
Korean study including 25,947 individuals, monitoring an average period of 
7.5 years, reported a higher incidence of HCC in patients with NAFLD (23.1 versus 
0.9 per 100,000 subjects) [7]. In Japanese patients, the annual cumulative incidence 
rate of hepatocarcinoma was 0.043%—similar to that reported in the USA [7]. In 
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Europe, in countries with a high incidence of HCV-associated HCC, the contribu-
tion of NAFLD-associated HCC has been less noticeable, and in countries where 
the prevalence of viral hepatitis is low, a dramatic increase in incidence has been 
noted for NAFLD-associated HCC [7].

4.2	� Mortality in NAFLD/NASH

Long-term outcomes in NAFLD have been evaluated in different studies, and it has 
been concluded that type 2 diabetes mellitus has increased the risk of liver-related 
mortality.

A study conducted in Minnesota showed that patients with nonalcoholic liver 
disease had a 30% increase in mortality compared to the general population. The 
main cause of death was due to cardiovascular disease, and the second one was due 
to liver morbidity—cirrhosis and HCC. Liver-related morbidity and mortality were 
associated with histologically advanced fibrosis [1].

In a recent meta-analysis, Younossi et  al. reported that in NASH patients the 
annual HCC incident rate was 5.29/1000 individuals, and in NAFLD patients, it was 
0.44/1000 individuals and the mortality incidence rates were 15.44/1000 person-
years versus 0.77/100 person-years [2].

However, cardiovascular events remain the main cause of death in patients with 
NAFLD/NASH [2].

4.3	� Association Between NAFLD and HCC

4.3.1	� Genetic Factor

The presence of NAFLD and also the risk of disease progression to advanced fibro-
sis are related to the single nucleotide polymorphisms (SNPs). The genes encoding 
patting-like phospholipase domain-containing 3 (PNPLA3) and transmembrane 6 
superfamily member 2 (TM6SF2) have been associated with the severity of steato-
sis, NASH, and fibrosis. Patients who present the PNPLA3 have an important risk 
of steatohepatitis and fibrosis and also have a more than threefold increased risk of 
liver cancer [7].

Uncertain data remain about the patients carrying the TM6SF2 polymorphism as 
an independent risk factor for HCC.

In 2017, a variant in the gene MBOAT1 has also been associated with HCC from 
a non-cirrhotic UK-Italian study [7].

4.3.2	� Environmental Factors

The most important environmental factors associated with NAFLD include alcohol, 
dietary habits, physical activity, and socio-economic factors.
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Several studies suggest that patients with NAFLD adopt unhealthy eating habits 
such as a high intake of carbohydrates (fructose), high amounts of processed food, 
sugary sweetened beverages, and high-salt diets and also have a sedentary life-
style [7].

4.4	� Pathogenesis of HCC

Cirrhosis is the precursor lesion and the most important risk factor for HCC, but 
20–30% of cases occur in the absence of cirrhosis. The progression from NAFLD to 
HCC is a continuous process, involving various factors: insulin resistance, lipid 
accumulation, liver immune microenvironment, and oxidative stress. These deter-
mine continuous proliferation and expansion of preneoplastic cells. There are sev-
eral experimental models for identifying the transition from NAFLD to HCC; in 
2022, an isogenic B6/129 hybrid strain of genetically modified mice was described 
as a new animal NASH-associated HCC preclinical model in this transition of dis-
ease [3].

The most important trigger factors for chronic inflammation are represented by 
insulin resistance, infiltration of proinflammatory cells, and lipotoxicity.

4.4.1	� Metabolic Dysregulation

4.4.1.1	� Lipid Metabolism and Insulin Resistance
The most important factor toward NASH-derived cancer is represented by a dys-
regulation of the hepatic lipid metabolism, with triglycerides being the predominant 
lipid accumulation in NASH. In normal metabolism, the liver is involved in oxida-
tion or exporting of the lipids as very-low-density lipoproteins (VLDLs) and also 
storage fat by shunting excess lipids for the synthesis of triglycerides. The adipose 
tissue could produce cytokines, which prevent the absorption of fatty acids and 
promote the adipose depots to release them. In response, the delivery of fatty acids 
and triglyceride formation is increased [3].

Insulin resistance suppresses the inhibitory effect of insulin on adipose tissue 
lipolysis, increases the flux of free fatty acids (FFAs) to the liver, and causes over-
production of VLDLs. It also determines the liver to be overloaded by glucose and 
insulin. The high values of these promote hepatic de novo lipogenesis by inducing 
the sterol regulatory element-binding protein 1c (SREBP-1c) and the carbohydrate 
response element-binding protein (Ch REBP).

The lipid-overloaded liver initiates adaptative changes in free fatty acid metabo-
lism, which increase the secretion of monocyte chemoattractant protein-1 (MCP-1) 
into circulation and determine the activation of macrophages and release of proin-
flammatory cytokines (TNF-α, IL-6). TNF-α could promote lipolysis and down-
regulates triglyceride biosynthesis and triglyceride storage in adipose tissue, which 
causes more damage to hepatocytes [3].
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4.4.1.2	� Reactive Oxygen Species (ROS) and Free Fatty Acids (FFAs)
Increase of FFAs (lysophosphatidylcholine, cholesterol, ceramides, palmitic acid) 
and also lipid accumulation in hepatocytes determine mitochondrial damage and 
increase the production of mitochondrial reactive oxygen species. The overproduc-
tion of these is followed by lipid peroxidation and oxidative damage to mitochon-
drial DNA, leading to a reduced capacity for mitochondria to oxidize fatty acids. 
Increasing FFAs and lipid accumulation establish a vicious cycle, which exacer-
bates oxidative stress and mitochondrial dysfunction [3].

4.4.1.3	� Unfolded Protein Response (UPR) and Endoplasmic 
Reticulum (ER) Stress

Lipid accumulation in hepatocytes and oxidative stress could trigger endoplasmic 
reticulum stress and activate the unfolded protein response, which fails to restore 
ER homeostasis and promotes apoptosis [3].

4.4.2	� Alteration of the Liver Immune Microenvironment

The immune microenvironment is represented by various immune cells, includ-
ing dendritic cells (DCs), natural killer (NK) cells, Kupffer cells (KCs), and T 
and B lymphocytes. The NASH pathogenesis (insulin resistance, reactive oxy-
gen species, endoplasmic reticulum stress, lipid accumulation) induces altera-
tion of the immune microenvironment that causes chronic inflammation and 
fibrosis [3].

4.4.2.1	� Kupffer Cells (KCs)
These cells are resident macrophages in the liver, representing the first line of host 
defense against invading microorganisms and particles. When a liver injury appears, 
KCs precede other immune cells by producing cytokines and chemokines, which 
recruit and instruct other immune cells.

In NASH, metabolic dysregulation leads to liver injury and determines damage 
to the intestinal barrier. In the early stage of liver injury, Kupffer cells are pushed 
toward an M1-like proinflammatory phenotype, followed by the change in polariza-
tion and wound healing. Once the disease is advanced, dysregulated inflammation 
and tissue repair response appear, followed by fibrillar connective tissue formation 
(causing fibrosis and tumorigenic properties) [3].

4.4.2.2	� Natural Killer (NK) Cells and Hepatic Stellate Cells (HSCs)
The activation of hepatic stellate cells leads to the formation of a fibrogenic extra-
cellular matrix and fibrosis. Activated NK cells are able to kill hepatic stellate cells 
(newly activated and senescent), protecting the liver from an excessive fibrogenic 
response [3].

A cycle of hepatocyte death and hepatic stellate cell proliferation represented the 
trigger for aberrant proliferation and hepatocytic transformation [3].
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4.4.2.3	� CD4+ T Cells and Regulatory T (T Reg) Cells
T cells play an important role in the development and progression of NASH (CD4+ 
helper T and CD8+ cytotoxic). In studies, high levels of fructose diet failed to 
induce hepatic inflammation and steatosis in T cell-deficient mice. Ma et al. reported 
that NASH induced a selective loss of intrahepatic CD4+ T cells and accelerated 
tumor development [7].

Hepatic Treg cells inhibit the immune response and maintain immune homeosta-
sis. In NASH, the number of Treg cells is decreased due to reactive oxygen species-
induced apoptosis.

Dysregulation of lipid metabolism produces a selective loss of intrahepatic 
CD4+ T cells and also an activation of cellular oncogene c-Fos signaling [3].

4.4.2.4	� Dendritic Cells (DCs)
Dendritic cells are key antigen-presenting cells that play a role in bridging innate 
and adaptive immunity. These cells have a dual effect in NASH (produce cytokines 
that determine adaptive immune response and activation of hepatic stellate cells and 
increase the secretion of the anti-inflammatory cytokines) that needs to be further 
studied [3].

4.4.2.5	� Natural Killer (NK) Cells and CD8+ T Cells
In NASH, type I NK cells secrete proinflammatory cytokines (INF γ, IL-4, and 
osteopontin that play an important role in hepatic stellate cell activation and fibro-
sis) and chemokines (IFN-γ and IL-4 that induce the infiltration of CD8+ T and 
facilitate NASH to HCC transition) [7]. Also, type I NK cells could cause hepatic 
cell death [3].

4.4.2.6	� B Cells
In NASH, adipocytes secrete B cell-activating factor (BAFF) that promotes B cell 
maturation, development, and production of proinflammatory cytokines and medi-
ates the activation of T cells, hepatic stellate cells, and Kupffer cells [3].

The increase in the level of immunoglobulin A produced by B cells determines 
the progression of NASH, favoring the inflammation-to-cancer transition [3].

4.4.2.7	� Neutrophils
Infiltration of neutrophils is the most important characteristic of NASH. A lot of 
studies demonstrated that mice deficient in neutrophils or neutrophil effector mol-
ecules were protected from diet-induced nonalcoholic steatohepatitis [3].

HCC in Non-cirrhotic NAFLD/NASH
A significant proportion of patients with NAFLD-associated HCC do not have cir-
rhosis. The estimated data shows that half of the cases of NASH-induced HCC 
occur in non-cirrhotic patients [8].

In a study of Kawada et al., they suggested that the presence of cirrhosis in 
NASH-associated HCC was lower than in HCV-associated HCC. Paradis et  al. 
reported a significant number of patients with NASH who developed liver cancer 
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in the absence of fibrosis compared with other underlying chronic liver dis-
eases [2].

A small number of published reports have suggested that the hepatocellular ade-
noma, in the presence of metabolic syndrome, may suffer a malignant transforma-
tion [2].

HCC can appear associated with metabolic syndrome and NAFLD in the absence 
of NASH and fibrosis [5].

HCC in Cirrhotic NAFLD/NASH
Cirrhosis is an important risk factor for HCC. An important number of studies pub-
lished in the last 5 years showed that 60% of HCC-associated NAFLD/NASH had 
cirrhosis before or at the time of diagnosis [2].

The true prevalence of NASH-related HCC is likely underestimated. The preva-
lence of NAFLD/NASH-associated HCC is not well defined; the increasing inci-
dence of diabetes and obesity determines the increase of NAFLD/NASH-associated 
HCC [2].

Some factors are associated with a higher risk of severe/fibrosis cirrhosis and 
HCC occurrence: the presence of diabetes mellitus, older age, and concurrent alco-
hol intake all increase the risk of liver cancer [8].

4.5	� Diagnosis

The tests used for diagnosis include radiologic studies and pathologic diagnosis 
through biopsy.

Given the specificity of contrast enhancement for typical lesion (in the presence 
of cirrhosis), current guidelines (AASLD and EASL) advocate for the use of imag-
ing rather than pathologic diagnosis [7].

When cirrhosis has not been previously diagnosed and NAFLD-associated HCC 
has been suspected, it is more likely to confirm the diagnosis using biopsy [7].

The EASL criteria establish the following:

	1.	 The diagnosis of HCC in cirrhotic patients should be based on noninvasive crite-
ria and/or pathology (evidence high, recommendation strong).

	2.	 The diagnosis of HCC in non-cirrhotic patients should be confirmed by pathol-
ogy (evidence moderate, recommendation strong).

	3.	 The pathological diagnosis of HCC should be established on the International 
Consensus recommendations (evidence high, recommendation strong).

	4.	 Noninvasive criteria (applied to cirrhotic patients for nodule(s) ≥1 cm) are based 
on imaging techniques using multiphasic CT, dynamic contrast-enhanced MRI 
(evidence high, recommendation strong), or contrast-enhanced ultrasonography 
(CEUS) (evidence moderate, recommendation weak).

	5.	 Diagnosis is based on the identification of the typical hallmarks of HCC, which 
differ according to imaging techniques or contrast agents (arterial phase hyper-
enhancement with washout in the portal venous or delayed phases on computed 
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tomography (CT) and magnetic resonance imaging (MRI) using extracellular 
contrast agents or gadobenate dimeglumine, arterial phase hyperenhancement 
with washout in the portal venous phase on MRI using gadoxetic acid, arterial 
phase hyperenhancement with late-onset (>60  s) washout of mild intensity 
on CEUS).

	6.	 Because of their higher sensitivity, CT or MRI should be used first (evidence 
high, recommendation strong).

	7.	 Positron-emission tomography (PET) scan is not used for early diagnosis 
because of the high rate of false-negative results (evidence low, recommendation 
strong) [8].

Due to delay in diagnosis, obese patients may be at an advanced stage, with a 
poor prognosis of the disease [9].

4.6	� Surveillance

The decision to enter into a surveillance program is determined by the level of risk 
for HCC, age of the patient, functional status, health, and also ability to comply with 
surveillance program [10].

The ideal interval of surveillance for HCC should be dictated by two main fea-
tures: rate of tumor growth and tumor incidence in the population.

Based on the available knowledge regarding HCC volume doubling time, guide-
lines established a 6-month interval for surveillance; a shorter interval of 3 months 
does not have any clinical benefit, and a longer interval of 12 months is not cost-
effective and is associated with fewer early-stage HCC diagnosed [8].

The EASL and AASLD recommended screening for HCC in all patients with 
NASH-related cirrhosis every 6–12 months using abdominal ultrasonography [2]. 
According to AASLD guidelines, surveillance benefit is uncertain in the cases of 
NAFLD without cirrhosis [10]. Also, EASL sustained that the incidence of HCC in 
these non-advanced patients is expected to be insufficiently high to deserve univer-
sal surveillance (Table 4.1) [8].

The sensitivity of ultrasonography is operator dependent and more challenging 
in overweight patients when cross-sectional imaging with MRI might be appropri-
ate. In this case, the benefit of long-term MRI surveillance is debatable [2].

In a cohort study of 941 patients, three- to eightfold is the higher risk for obese 
patients to have an inadequate surveillance examination. The delaying in detection 
determined an advanced stage at diagnosis [9].

Table 4.1  Categories of patients in whom surveillance is recommended [8]

Cirrhotic Child-Pugh A and B Evidence low, recommendation strong
Cirrhotic Child-Pugh C awaiting liver transplantation Evidence low, recommendation strong
Non-cirrhotic F3 based on an individual risk 
assessment

Evidence low, recommendation weak
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The patients with metabolic syndrome or NASH who have severe fibrosis or cir-
rhosis either by histology or by elastography diagnosed should undergo surveil-
lance, whereas the risk of HCC development is insufficiently established in 
individuals without severe fibrosis/cirrhosis [8].

In patients with high risk of developing HCC, nodule(s) less than 1 cm in diam-
eter detected by ultrasonography should be followed at ≤4-month intervals in the 
first year. If there is no increase in the size or number, surveillance could be returned 
to the 6-month interval.

In cirrhotic patients, diagnosis of HCC for nodules of ≥1 cm in diameter can be 
confirmed with noninvasive criteria and/or biopsy.

In cases of inconclusive histological or discordant findings and in cases of growth 
or changes in enhancement pattern, repeated biopsy sampling is recommended [8].

4.7	� Staging and Treatment

According to EASL guidelines, staging systems in HCC should include tumor bur-
den, performance status, and liver function [8].

The algorithm used by the AASLD and EASL is Barcelona Clinic for Liver 
Cancer (BCLC) staging system that is recommended for prognostic prediction and 
treatment selection (Fig. 4.2) [8].

The performance status test (PST) represents a score that estimates the patient’s 
capacity to perform certain activities without the help of others and is an important 
factor in cancer care:

STAGE  BLCL-0 and 
BLCL-A 
Early stage 30% 

BLCL-B 
Intermediate 
20% 

BLCL-C 
Advanced 
disease 40% 

BLCL-D 
Very advanced 
disease +poor 
liver function 

Newcastle  
NAFLD stage 

15% 17% 45- 50% 20- 25% 

Treatments -resection 
-liver 
transplantation 
-ablation 

-TACE -kinase 
inhibitors 
-supportive care 

-supportive care 

Median 
survival 

55- 60 months 30- 36 months 9-11 months 2-3 months 

>50% 
recur

Majority 
progress

Majority 
progress

Fig. 4.2  Staging and treatment options for patients with HCC
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PST 0: Normal functional activity, without symptoms
PST 1: Minor impairment of normal activity
PST 2: Ambulatory >50% of time, occasional assistance
PST 3: Ambulatory ≤50% of time, nursing care needed
PST 4: Bedridden

However, the BCLC algorithm is less useful for patients with NAFLD-associated 
cancer because a high number of patients are classified in stage BCLC-C or BCLC-D 
[7]. Treatment options are illustrated in Table 4.2.

Patients included in early-stage BCLC-0 or BCLC-A had a preserved liver func-
tion, a single tumor smaller than 5 cm or three tumors each smaller than 3 cm, and 
a normal functional activity (performance status test 0). For NAFLD-associated 
HCC, the detection of an early-stage cancer is rare, and even if tumors are small, 
advanced age and comorbidities are associated with limited curative procedures [7].

Patients in intermediate stage have multifocal tumors without large-vessel inva-
sion, with PST-0 and preserved liver function. The treatment of these patients is 
transarterial chemoembolization (TACE)—first-line palliative arterial therapy [7].

An important part of the patients with NAFLD-associated HCC are classified 
into BCLC-C based on performance status with a major impact of survival. These 
patients have chronic comorbidities and are often old, with a PST more than 1, so 
that the effect on survival is less certain, not because of cancer, but because of 
comorbidities. For a single small growing tumor, when we do not use medical treat-
ment, using TACE is an alternative to supportive care [7].

For patients classified as BCLC-D, the treatment is represented only by support-
ive care. For this reason, detecting patients at earlier stage represents a major chal-
lenge for NAFLD-associated HCC [7].

For all patients with HCC, the treatment should be discussed in multidisciplinary 
teams to decide which is the first line and when to stop one treatment and start 
another [8].

Table 4.2  Treatment options for HCC [5]

Surgery –  Partial hepatectomy
–  Liver transplantation

Local ablative therapies –  Cryosurgery
–  Microwave ablation
–  Ethanol, acetic acid injection
–  Radiofrequency ablation
–  Stereotactic body radiation therapy (SBRT)

Regional therapies –  Transarterial radioembolization (TARE)
–  Transarterial chemotherapy
–  Transarterial embolization
–  Transarterial chemoembolization (TACE)
–  Transarterial yttrium-90 microspheres
–  Transarterial I-131-lipiodol

Systemic therapies –  Chemotherapy
–  Immunotherapy
–  Hormonal therapy

Supportive care
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The most important risk factors for NAFLD are represented by obesity, meta-
bolic syndrome, chronic inflammation, and insulin resistance, which are also risk 
factors for liver cancer. Prevention and control strategies must be developed against 
these factors [3].

4.7.1	� Lifestyle Change

The lifestyle change is the first step in the management of NAFLD for reducing the 
cardiovascular risk and also for the prevention of progression to fibrosis, cirrhosis, 
and liver cancer. Weight loss through diet and exercise remains the only evidence-
based means of delaying the transition from NAFLD to HCC [3].

In patients with NAFLD and HCC, diet represents a part of standard supportive 
care, maintaining a well-balanced diet to combat malnutrition and weight loss [7].

There are a lot of treatment options for HCC, which can be divided into curative 
and noncurative treatment. Curative treatment is represented by surgical resection 
and orthotopic liver transplant. For small tumors, ablation and radiotherapy may 
also be curative, improving survival [10].

4.7.2	� Surgical Treatment

Liver resection is an important option for the non-cirrhotic patient because they 
generally have normal liver function with acceptable morbidity and low mortality.

In cases of NAFLD-associated HCC in cirrhotic patients, the degree of hepatic 
dysfunction and portal hypertension is important for the prognosis and the indica-
tion for surgical treatment.

For cirrhotic and non-cirrhotic patients, for surgical treatment, the comorbidities 
are very important [5].

4.7.3	� Allogenic Liver Transplantation

Mazzaferro et al. have defined Milan criteria as a single tumor <5 cm or ≤3 tumors 
all individually <3 cm with a very favorable outcome, including a 4-year survival 
rate of 85% [5]. It is the ideal therapy in cirrhotic NAFLD patients because it treats 
both the underlying parenchymal disease and the liver cancer [5].

4.7.4	� Adjuvant and Neoadjuvant Therapy

4.7.4.1	� Adjuvant Therapy
Sorafenib used like adjuvant therapy was studied in STORM trial versus placebo 
after surgery, percutaneous alcohol injection, and radiofrequency ablation. 
Unfortunately, there was no difference in recurrence-free survival [5].
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4.7.4.2	� Neoadjuvant Therapy
Two randomized controlled trials which studied preoperative transarterial chemo-
therapy showed, unfortunately, no survival advantage. Both therapies do not have an 
important role in NAFL-associated HCC [5].

4.7.5	� Ablative Therapy for Localized Tumor

	(a)	 Chemical ablation
This technique consists of destroying tumor tissue, frequently used in devel-

oping countries, but requires a great number of applications. It has been replaced 
by thermal ablation.

	(b)	 Radiofrequency ablation
This technique is currently the most used ablative technique for the treat-

ment of small tumor, introducing an electrode into the tumor.
	(c)	 Microwave ablation

The microwave ablation uses electromagnetic waves to obtain heating; for 
large tumors, two applicators are needed [5].

4.7.6	� Embolic Therapies for Regional Disease

The most commonly used treatments for multifocal liver-predominant disease are 
represented by transcatheter ablative methods: transarterial chemoembolization 
(TACE), radioembolization (RAE), and bland hepatic artery embolization.

The chemotherapeutic agents used are doxorubicin, mitomycin C, and aclaru-
bicin [5].

4.7.7	� Radiation Therapy (RT) as Local Ablation

Radiation therapy is used when tumors are larger than 3 cm or are located near the 
diaphragm, gallbladder, or large vessel (not to be treated by radiofrequency abla-
tion) [5].

4.7.8	� External Beam Radiotherapy

	(a)	 Fractionated treatment
This technique is used to treat residual disease (after TACE and RT) and to 

treat tumor thrombus in the portal vein. A study from Taiwan reports a 25% 
response rate [5].

	(b)	 Stereotactic body radiotherapy (SBRT)
It is a new method of delivering high-precision, high-dose therapy, and the 

biologic effect is better than other radiation methods [5].
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4.7.9	� Systemic Therapy

Several drugs are involved in carcinogenic pathways in NASH-associated 
HCC, suggesting the possibility to be used in prevention strategies: metformin, 
aspirin, statins, and pioglitazone. But several serious side effects limit their use 
for long-term prevention, and also international guidelines do not recommend 
them for NASH-derived HCC (large, randomized, controlled trials are neces-
sary) [3].

4.7.9.1	� First-Line Single-Agent Therapies
Systemic chemotherapies did not prove to offer an important increase in survival.

Sorafenib represents a multityrosine kinase inhibitor, which is used in a great 
number of studies. The survival benefit of sorafenib was independent of the stage of 
the disease or the performance status.

A lot of receptor tyrosine kinase inhibitors were studied (sunitinib, lenvatinib, 
brivanib, linifanib), but overall survival was not superior to sorafenib therapy [5].

4.7.9.2	� First-Line Combination Therapies
Bevacizumab and erlotinib offer a favorable patient outcome with a median sur-
vival of 13.7 months. Oxaliplatin and gemcitabine have proven efficacy in liver 
cancer and are used with sorafenib in different studies promising encouraging 
results [5].

4.7.9.3	� Second-Line Therapies
Regorafenib, a multityrosine kinase inhibitor, is approved for patients failing 
sorafenib. There are a lot of drugs used in different studies (tivantinib, cabozantinib, 
ramucirumab) for second-line treatment [5].

4.7.9.4	� Immunotherapy
An important number of drugs have been studied in the treatment of HCC with 
encouraging results: nivolumab, pembrolizumab, tremelimumab, and dur-
valumab [5].

For patients with advanced disease (the most part of NAFLD-associated HCC), 
the treatment with sorafenib had a shorter duration, because studies reported higher 
rates of hepatic decompensation [5].

4.8	� Conclusions

Actually, NAFLD represents the leading cause of chronic liver disease in Europe 
and also in the USA. Understanding the mechanism of NAFLD-associated HCC is 
an important step in the management of the disease. Alternative screening modali-
ties may be established for NAFLD patients to increase an accurate diagnosis and 
early detection of HCC for a better prognosis.
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5Genetics and Epigenetics 
in Nonalcoholic Fatty Liver Disease

Andra-Iulia Suceveanu, Sergiu-Ioan Micu, 
Anca Pantea Stoian, Laura Mazilu, Viorel Gherghina, 
Irinel Raluca Parepa, and Adrian-Paul Suceveanu

5.1	� Introduction

Although it is a known pathology, described and studied for more than 200 years, 
nonalcoholic fatty liver disease (NAFLD) remains a complex entity to treat and 
establish a prognosis.

The marked increase in the prevalence of risk factors among the general popula-
tion, associated with the asymptomatic nature of this disease, makes NAFLD, for 
some people, a “silent killer.”

NAFLD is an umbrella term for a range of liver conditions. As the name implies, 
the common feature is excess fat stored in the liver cells. From here, the spectrum 
can evolve. In some patients, inflammation, necrosis, and fibrosis can be present, or 
they can be limited only to the fatty loading of the hepatocytes.

The interesting element in the pathogenesis of this disease, which has intrigued 
clinicians over the years, is its selective character: Why do only some of the patients 
end up with liver cirrhosis or liver cancer?
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The transition from simple steatosis to fibrosis and cirrhosis is gradual and 
potentially reversible. This pathogenesis is based on the complex interaction of 
metabolic, hormonal, nutritional, and genetic factors, with the latter playing a criti-
cal role (Fig. 5.1).

A more intensive study of genetic and epigenetic factors can lead to the improve-
ment in the identification of patients at risk as well as the development of new thera-
peutic tools in the management of this disease.

5.2	� Genetic Implications in NAFLD

Even if environmental factors represent an essential link in the etiopathogenesis of 
NAFLD, the prevalence of the disease varies markedly in various populations, with 
the highest being in Western countries and Europe, where it reaches 20–30% [1]. 
The disease spectrum varies from simple fatty loading of hepatocytes to cirrhosis 
and liver cancer (Fig. 5.1). These inter-individual and inter-ethnic differences and 
difference in the severity and progression of liver disease among patients with 
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Fig. 5.1  NAFLD spectrum and influencing factors (created with Paint and Paint 3D softs)
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NAFLD suggest the involvement of factors other than environmental ones in its 
etiopathogenesis.

The “inherited” side of NAFLD was considered when several studies observed 
that members of the same family, especially first-degree relatives, presented fea-
tures suggestive of NAFLD, even liver cirrhosis [2, 3]. Studies conducted on mono-
zygotic and dizygotic twins related to the correlation between serum alanine 
aminotransferase (ALT) level and liver fat content showed that in approximately 
60% of patients, ALT levels were heritable. Also, higher serum ALT levels were 
found to be more frequent in monozygotic twins versus dizygotic twins. Other stud-
ies showed a much higher prevalence of liver fibrosis among monozygotic twins 
diagnosed with NAFLD. In contrast, researchers revealed a high rate of progression 
to fibrosis and cirrhosis among first-degree relatives of patients diagnosed with 
NAFLD-associated cirrhosis, emphasizing the importance of genetic factors, not 
only in the etiology but also in the progression of this disease [4–6]. Finally, 
genome-wide association studies have discovered many genes involved in the 
occurrence and progression of NAFLD. These gene disturbances affect several lipid 
and carbohydrate metabolism pathways, which ultimately lead, through different 
mechanisms, to the excess accumulation of triglycerides at the level of the hepato-
cyte, inflammation, necrosis, and fibrosis (Table 5.1).

5.2.1	� Patatin-Like Phospholipase Domain-Containing 3 
(PNPLA3) Gene

The polymorphism of the PNPLA3 gene has been the most studied and is consid-
ered one of NAFLD’s most critical genetic traits. The association between NAFLD 
and PNPLA3 was described for the first time in 2008 following a genome-wide 
association study (GWAS) made on individuals with Hispanic, African, American, 
and European origin. Alterations in PNPLA3 gene are involved in the process of 
steatosis, inflammation, liver fibrosis, and development of hepatocarcinoma [7].

Table 5.1  Summary of genes and their mutations/variants involved in NAFLD

Gene Mutation/variant
PNPLA3 
gene

Cytosine-to-guanine nucleotide transversion mutation at codon 148, giving 
rise to the I148M variant

TM6SF2 gene TM6SF2 E167K variant
HSD17B13 
gene

rs72613567 TA, rs6834314 G, rs143404524 variants

LIPA gene G-to-A transition at position 1 of the exon 8 splice donor (E8SJM, exon 8 
splice junction mutation)

MTTP gene MTTP-493G>T (rs1800591) variant

TNF-α gene Polymorphisms at position −238
IL-6 gene 174C variant
IRS-1 gene Substitution glycine-arginine at codon 972
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Being located on chromosome 22 (22q13.31), PNPLA3 is known in the literature 
under several names, including adiponutrin (ADPN), calcium-independent phos-
pholipase A2-epsilon (IPLA2epsilon), and chromosome 22 open reading frame 20 
(C22orf20) and is mainly expressed in the liver and moderately in the adipose tis-
sue, brain, kidney, and skin [8].

Normally, PNPLA3 is mostly bound to lipid droplets and exhibits lipase activity 
on triglycerides, phospholipids, and retinyl esters, mediating the hydrolytic produc-
tion of oleate and other unsaturated fatty acids, including arachidonic acid [9]. What 
ensures susceptibility to the disease is a mutation of this gene, namely a cytosine-
to-guanine nucleotide transversion mutation at codon 148, giving rise to the I148M 
variant [10].

The mutant PNPLA3 I148M impairs, through complex mechanisms, lipid drop-
let hydrolysis, which will lead to their excessive accumulation at the hepatocyte 
level. Also, the turnover of this variant is much lower than the normal one, causing 
excess protein accumulation on lipid droplets’ surface [11, 12].

The role of the mutant variant is not limited to the accumulation of lipids on 
hepatocytes (simple steatosis) but also to the appearance of inflammation and fibro-
sis. PNPLA3 is also found in Ito stellate liver cells, having an essential role in the 
metabolism of retinol—a component of these cells. The mutant variant alters the 
metabolism of retinol. It causes the proliferation and activation of stellate cells, their 
transformation into myofibroblasts, the synthesis of collagen fibers, and the release 
of proinflammatory cytokines, leading to inflammation and fibrosis [13, 14].

The presence of the I148M variant is also associated with an increased risk of 
hepatocarcinoma, this being highlighted by several studies, among which we men-
tion the one carried out by Burza et al., which compared two groups of patients who 
underwent treatment for obesity (conventional vs. bariatric surgery) [15].

Multiple studies support the hypothesis that the mutant PNPLA3 gene (variant 
I148M) represents one of NAFLD’s most critical genetic traits. It looks to deter-
mine susceptibility to the disease through complex mechanisms, being involved in 
the process of steatosis, inflammation, and fibrosis and even in hepatocarcinoma 
occurrence (Fig. 5.2).

5.2.2	� Transmembrane 6 Superfamily 2 (TM6SF2) Gene

It is a gene found on chromosome 19, more precisely 19p12, consisting of 377 
amino acids. Main sites of expression are the liver and intestine, and in smaller 
amounts, the brain, lungs, kidneys, and adipose tissue. At the intracellular level, it is 
found within the endoplasmic reticulum and at the level of the Golgi apparatus [16]. 
The role of this gene is not fully elucidated, being involved in lipid metabolism.

Its role in the pathogenesis of NAFLD is reflected in the metabolism of 
triglyceride-rich lipoproteins, being considered a gene that regulates their hepatic 
excretion. The inhibition of this gene, through different mutations, is associated 
with a decrease in the excretion of triglycerides from the hepatocyte level, with the 
secondary excess accumulation of them causing the appearance of steatosis. Patients 
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with this gene mutation are characterized by hepatic steatosis and low serum con-
centrations of triglycerides [16]. Several mutations of this gene were discovered, 
among which we mention the TM6SF2 E167K variant, which strongly correlates 
with NAFLD [17].

5.2.3	� HSD17B13 Gene

HSD17B13 is a gene found on chromosome 4q22.1, is made up of eight exons and 
seven introns, and encodes nine different protein isoforms. In humans, HSD17B13 
is most abundantly expressed in the liver, with low levels in the ovary, bone marrow, 
kidney, brain, lung, skeletal muscle, bladder, and testis. Within the liver, genetic 
sequence analysis showed that HSD17B13 is mainly localized in hepatocytes, with 
shallow expression in other liver cells such as macrophages, hepatic stellate cells, 
and liver sinusoidal endothelial cells. This gene is found exclusively on the surface 
of lipid droplets within the hepatocyte. From a functional point of view, the gene 
participates in lipid metabolism. It possesses short-chain dehydrogenase/reductase 
and retinol dehydrogenase activity, being involved in the homeostasis of hepatic 
lipid droplets [18].

Several studies have shown that the overexpression of HSD17B13 was associ-
ated with excessive hepatocyte lipogenesis and accumulation of lipid droplets lead-
ing to NAFLD. In contrast, the presence of variants (e.g., rs72613567 TA, rs6834314 
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G, rs143404524) of this gene shows an inverse correlation with NAFLD. Mutations 
of this gene reduce the risk of liver steatosis through the mechanism of reducing the 
synthesis of lipid droplets at the hepatocyte level. Such variants were discovered 
following different genome-wide association studies in humans and studies on ani-
mals [18].

5.2.4	� LIPA Gene

It is a gene located on chromosome 10q23.31, which encodes lipase A. Lipase A, 
the lysosomal acid lipase (also known as cholesterol ester hydrolase), is hosted by 
the lysosome and has the role of catalyzing the hydrolysis of cholesteryl esters and 
triglycerides. It is expressed primarily in the small intestine, spleen, lymph nodes, 
and liver and in smaller amounts in the brain, urinary bladder, kidneys, and adipose 
tissue [19].

Mutations in this gene, such as G-to-A transition at position 1 of the exon 8 
splice donor (E8SJM, exon 8 splice junction mutation), give rise to isoforms of 
the lipase A enzyme. These isoforms alter the homeostasis of lipid droplets, caus-
ing the accumulation of hepatic cholesteryl esters and triglycerides due to defec-
tive lysosomal hydrolysis and impaired LD autophagy, generating a severe form 
of NAFLD called Wolman disease. Wolman disease is caused by the homozygous 
lysosomal acid lipase D [20]. It is a rare disease, with less than 5000 cases in the 
USA, which is characterized by excessive accumulation of lipids in the spleen, 
lymph nodes, and adrenal glands, which leads to hepatosplenomegaly and liver 
failure [21].

5.2.5	� Microsomal Triglyceride Transfer Protein (MTTP) Gene

MTTP is a gene located on chromosome 4q24. It encodes the large subunit of the 
heterodimeric microsomal triglyceride transfer protein, which has been shown to 
play a central role in lipoprotein (apolipoprotein B) assembly. In humans, MTTP is 
most abundantly expressed in the small intestine and the liver. Within the hepato-
cyte, it is found mainly at the level of the Golgi apparatus and the endoplasmic 
reticulum [22].

MTTP has an essential role in triglyceride homeostasis; generally, hepatic tri-
glycerides are exported from the liver as VLDL particles mediated through plasma 
apoB-lipoprotein and MTP.

Studies showed that polymorphism of MTTP gene might contribute to an 
increased risk of NAFLD. MTTP-493G>T (rs1800591) variant is one of the most 
common and widely investigated polymorphisms whose presence was strongly 
associated with NAFLD. MTTP-493G>T polymorphism may decrease its protein 
and aberrant alterations of MTTP synthesis and secretion and influence the capacity 
for lipid export and excess accumulation of triglycerides at the hepatocyte level, 
thus contributing to the occurrence of NAFLD [23].

A.-I. Suceveanu et al.
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5.2.6	� Polymorphisms of Inflammatory Cytokine Genes

As we have already mentioned, NAFLD encompasses a histopathological spectrum 
of clinical conditions ranging from the simple fatty loading of hepatocytes to inflam-
mation, necrosis, and fibrosis. Genes influencing inflammation and immune 
responses modify the susceptibility to NAFLD. Cytokines play an active role in 
disease development but also in the progression by regulating the inflammatory 
process [24].

Tumor necrosis factor-α (TNF-α) is part of the TNF superfamily, a cytokine 
involved in cellular signaling within the immune response. The gene encoding 
TNF-α is found on chromosome 6 and comprises four exons. TNF-α is a proinflam-
matory cytokine that mediates hepatic inflammation, oxidative stress, and apoptosis 
or necrosis of liver cells. Several clinical studies have investigated the role of TNF-α 
as a marker for NAFLD. They have established a directly proportional positive cor-
relation between the serum levels of this marker and the degree of inflammation and 
liver fibrosis [25]. A study analyzed TNF-α gene mutations and concluded that 
TNF-α gene polymorphisms at position −238 are significantly higher in patients 
with NAFLD than those in the control subject, determining susceptibility for this 
disease [26].

Interleukin-10 (IL-10) is an anti-inflammatory cytokine encoded by the IL-10 
gene on chromosome I, consisting of five exons. The primary routine function of 
IL-10 appears to limit and ultimately terminate inflammatory responses. Different 
liver cells, including stellate cells, hepatocytes, and cells, have shown the presence 
of IL-10. Few studies identified the protective role of IL-10 against hepatic steatosis 
[27]. In an animal model of diet-induced fatty liver disease, inhibition of IL-10 pro-
moted increased expression of inflammatory cytokines, worsened insulin signaling, 
and activated gluconeogenic and lipogenic pathways [28].

Interleukin-6 (IL-6) is a cytokine with multiple and varied roles in the immune 
response, tissue regeneration, and metabolism. Mainly, its role has been studied in 
the immune response, considered a pleiotropic proinflammatory cytokine specially 
secreted by monocytes. It is encoded by the IL-6 gene, located on chromosome 
7p21. Studies made in animal models and humans showed that IL-6 expression was 
markedly increased in the NASH livers. In addition, a positive correlation was 
observed between hepatocyte IL-6 expression, degree of inflammation, and stage of 
fibrosis [29].

Furthermore, a study conducted on patients with NAFLD showed that the IL-6 
polymorphism, specifically the 174C variant, was present in over 80% of the biop-
sied patients, with the authors concluding that IL-6-174C genetic polymorphisms, 
involved in inflammation and insulin resistance, are associated with NASH [30].

5.2.7	� Insulin Receptor Substrate-1 (IRS-1) Gene

IRS-1 gene is the first discovered member of the family of the insulin receptor 
substrate (IRS) proteins, cytoplasmic adapter proteins that play a critical role in 
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insulin signaling. The genetic polymorphisms of these receptors lead to altera-
tions in insulin signaling and, consequently, a decrease in cellular sensitivity to 
this hormone. IRS-1 is encoded by the IRS-1 gene, which is located on chromo-
some 19. Liver insulin resistance is associated with NAFLD, and it seems that 
substitution (glycine-arginine) at codon 972 of the IRS-1 gene is associated with 
reduced insulin sensitivity. This variant was shown to affect insulin receptor activ-
ity, predisposing to liver damage and decreased hepatic insulin signaling in 
patients with NAFLD playing a causal role in the progression of liver damage in 
these patients [31].

5.2.8	� Other Genetic Modifiers in NAFLD

The spectrum of genetic changes involved in the etiopathogenesis of NAFLD is 
dynamic. Research is constantly coming up with results regarding the genetic alter-
ations associated with this condition. Apart from the established gene polymor-
phisms, which were debated in the previous sub-chapters, several candidate genes 
are involved in the occurrence and progression of NAFLD but are waiting to be vali-
dated by more extensive studies. MnSOD gene mutations look to be associated with 
excessive oxidation of free fatty acids, leading to oxidative stress, casing apoptosis, 
and liver injury [32]. ENPP1 121 Gln gene mutation is associated with insulin resis-
tance and liver fibrosis [33]. Glucokinase regulatory protein (GCKR) polymor-
phism rs780094 is associated with increased serum triglycerides and liver fibrosis, 
SLC2A1 variants promote lipid accumulation and oxidative stress, MBOAT7 gene 
variant rs641738 leads to a reduced MBOAT7 expression favoring increase in free 
arachidonic acid and hepatocyte inflammation, and SOD2 polymorphism, rs4880 
CD 14 C(−159) T polymorphism, CDKN1A rs762623 variant, and KLF6 rs 
3,750,861 variant are associated with liver fibrosis [34–38]. Uncoupling protein 2 
(UCP2)-866 A/A genotype is associated with increased hepatic UCP2 expression 
and reduced risk of NASH [39].

5.3	� Epigenetic Implications in NAFLD

The term epigenetics occurred in the mid-1900s and was introduced by the biologist 
Conrad Waddington. The researcher defined the term as “the branch of biology 
which studies the causal interactions between genes and their products which bring 
the phenotype into being” [40].

Over time, the definition has undergone changes, today being accepted as “the 
study of changes in gene function that are mitotically and/or meiotically heritable 
and that do not entail a change in DNA sequence” [41].

Epigenetic changes in NAFLD are of great importance because, unlike genetic 
alterations that cannot be changed, epigenetic factors can be influenced, leading to 
a broadening of the horizon regarding the treatment of this disease, even its 
reversibility.
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The processes altering the gene activity without changing the DNA sequence 
target all the molecular pathways that modulate the expression of a genotype in a 
phenotype and can be represented by alterations in DNA methylation, posttransla-
tional modifications of amino acids, changes in histone proteins, and microRNAs 
(miR) [38, 42].

5.3.1	� DNA Methylation

DNA methylation is a process through which a methyl group is added to cytosine in 
position C5, giving rise to 5-methylcytosine (5mC). This addition is usually realized 
in cytosine–guanine dinucleotide-rich regions known as CpG islands. 
Hypermethylation of CpG islands determines the gene repression because the 
methyl group blocks the binding of transcription factors to the DNA. It can also act 
as a binding site for transcriptional repressors [43]. DNA methylation is catalyzed 
by a family of enzymes called DNA methyltransferases (DNMTs). These enzymes 
have the role to transfer the methyl group from an S-adenyl methionine (SAM) to 
DNA [44]. Several studies have analyzed methylation changes in NAFLD patients 
showing alterations in the methylation signature of many genes involved in lipid 
and carbohydrate metabolism.

For example, a study using liver biopsies taken before and after bariatric surgery 
from 45 obese patients with all stages of NAFLD showed methylation and expres-
sion differences in nine key enzymes implicated in intermediate metabolism and 
insulin signaling:

–– Pyruvate carboxylase (PC)
–– ATP citrate lyase (ACLY)
–– Phospholipase C-gamma-1 (PLCG1)
–– Insulin-like growth factor 1 (IGF1)
–– Insulin-like growth factor-binding protein 2 (IGFBP2)
–– Protein kinase C epsilon (PRKCE)
–– Putative polypeptide N-acetylgalactosaminyl-transferase-like protein 4 

(GALNTL4)
–– Glutamate receptor delta-1 (GRID1)
–– Inositol hexaphosphate kinase 3 (IP6K3)

The comparison of serial liver biopsies before and after bariatric surgery showed 
NAFLD-associated methylation changes to be partially reversible, providing an 
example of treatment-induced epigenetic organ remodeling in humans [45].

Diet habits play an essential role in the occurrence and progression of NAFLD 
but also determine DNA methylation alterations. A diet rich in processed fats and 
sugars induces hypermethylation in promoter regions of peroxisome proliferator-
activated receptor alpha (PPARA), a transcriptional regulator of genes involved in 
mitochondrial beta-oxidation, fatty acid transport, and hepatic production of glu-
cose. PPARA hypermethylation showed a decrease in gene expression and induced 
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fatty accumulation in the liver in a rat model [46]. In human models, a study con-
ducted on 120 participants who followed a low-fat and low-carbohydrate diet for 
18 months analyzed the intrahepatic fat accumulation and the CpG-specific DNA 
methylation levels of 41 selected genes known to be associated with NAFLD. After 
an 18-month lifestyle intervention, different DNA methylation patterns were 
observed [47].

5.3.2	� Modifications in Histone Proteins

Histones are a family of structural proteins that condense DNA into chromatin, 
which can undergo acetylation, methylation, and phosphorylation under the action 
of different enzymes.

Acetylation is a process that causes the activation of gene transcription and 
deacetylation repression. The imbalance between enzymes causing acetylation and 
deacetylation may influence phenotypic gene expression [38].

This is the case of cyclic AMP-responsive element-binding protein 3-like 3 
(CREBH), a hepatocyte-specific transcription factor localized in the endoplasmic 
reticulum membrane activated by endoplasmic reticulum, stress, or inflammation. 
CREBH enters the cell nucleus and activates the expression of genes involved in the 
acute-phase response, gluconeogenesis, lipogenesis, fatty acid oxidation, and lipol-
ysis. Modulation of CREBH acetylation can lead to altered lipid homeostasis asso-
ciated with NAFLD [38, 48].

5.3.3	� MicroRNAs

MicroRNAs (miRNAs) are single-stranded noncoding RNAs made up of 18–25 
nucleotides long that can regulate gene expression at the posttranscriptional level 
by inhibiting translation or inducing degradation of target messenger RNAs. 
More than 2000 human miRNAs have been discovered, accounting for 1–5% of 
the human genome. These are predicted to regulate up to 60% of human genes 
[43, 49].

miRNAs play a role in many cellular processes. miRNA dysregulation looks to 
be associated with several liver diseases, including NAFLD, viral hepatitis, fibrosis, 
and liver cancer. Data in NAFLD patients suggests that miR-21, miR-34a, and 
miR-182 are upregulated in NAFLD while miR-122 is downregulated [38].

5.4	� Conclusions

In an era where metabolic disorders are alarmingly high, NAFLD represents the 
worldwide most common liver disease and is considered the leading cause of liver-
related morbidity and mortality. Hence, the new terminology “metabolic associated 
fatty liver disease” starts to be more and more accepted.
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Although initially considered a disease primarily determined by environmental 
factors (diet, physical exercise), in the last decades, research has shown impressive 
results regarding the genetic and epigenetic alterations found in this broad spectrum 
of conditions that represent NAFLD. Knowing them is the first step in drawing new 
directives regarding managing patients at risk of developing NAFLD, its treatment, 
and achieving a degree of reversibility of the characteristic liver lesions.
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6The Place of Transabdominal Liver 
Biopsy in Nonalcoholic Fatty Liver 
Disease

Cristina Muzica, Anca Trifan, Irina Girleanu, 
Camelia Cojocariu, and Carol Stanciu

6.1	� Introduction

The medical field of hepatology encompasses a wide range of diseases which are 
characterized by a large variability regarding etiologies and risk factors; thus, liver 
diseases have different ways of development and disease course, which conse-
quently need different therapeutical approach. During the recent years, liver dis-
eases have been intensely studied with great results in terms of not only diagnosis 
but also treatment and prognostic factors, prolonging both the life expectancy and 
quality of life in patients. The discovery of direct-acting antivirals for the therapy of 
hepatitis C virus, the development of new targeted agents for hepatocellular carci-
noma, and the implementation of noninvasive scoring systems for liver fibrosis in 
clinical practice are a few cornerstone discoveries that changed the course of these 
diseases. Furthermore, recent years brought new definitions and classifications that 
made it easier for clinicians to diagnose and treat liver diseases. Such an example is 
represented by nonalcoholic fatty liver disease (NAFLD), which has gained major 
attention since it was first described in 1980 [1]. Accordingly, there is large data 
coming from many studies regarding the epidemiology, risk factors, diagnosis, ther-
apy, and prognosis of NAFLD. In terms of diagnosis, there are various tests with 
varying sensitivities and specificities.

According to current guidelines, the initial evaluation of patients with NAFLD 
should include a comprehensive assessment of all associated metabolic disorders 
(i.e., type 2 diabetes mellitus, obesity, sleep apnea, insulin resistance, hypothyroid-
ism) and exclude other competing etiologies (viral hepatitis, metabolic hepatitis, 

C. Muzica (*) · A. Trifan · I. Girleanu · C. Cojocariu · C. Stanciu 
Gastroenterology Department, Grigore T. Popa University of Medicine and Pharmacy,  
Iasi, Romania 

St. Spiridon Emergency Hospital, Institute of Gastroenterology and Hepatology, 
Iasi, Romania

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
A. Trifan et al. (eds.), Essentials of Non-Alcoholic Fatty Liver Disease, 
https://doi.org/10.1007/978-3-031-33548-8_6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-33548-8_6&domain=pdf
https://doi.org/10.1007/978-3-031-33548-8_6


74

alcoholic liver disease, etc.) [2]. Next steps in the diagnosis workup of NAFLD 
should include blood tests for liver function, liver enzymes, complete blood count, 
lipid and glycemic profile, uric acid, testing for viral hepatitis, and ultrasound.

A very important part in the evaluation of NAFLD is establishing the presence/
grade of liver fibrosis. Currently, there are numerous noninvasive tests based on 
several scores for the prediction of liver fibrosis in patients with NAFLD, such as 
AST to platelet ratio index (APRI), the NAFLD fibrosis score, BARD score, fibro-
sis-4 score (FIB-4), enhanced liver fibrosis (ELF) score, HAIR score, Palekar’s 
score, and BAAT score [3–7]. Furthermore, the high accuracy in predicting the liver 
fibrosis in NAFLD patients by advanced imaging techniques such as vibration-
controlled transient elastography, 2D shear wave elastography, and acoustic radia-
tion force impulse has led to their immediate acceptance in daily practice by 
hepatologists [8]. However, the liver biopsy (LB) has been used as a standard for 
diagnosing and grading NAFLD among these tests and techniques, being currently 
the gold standard. The diagnosis of NAFLD is based on the presence of macrove-
sicular steatosis in at least 5% of hepatocytes, and, moreover, LB is the only method 
to document NASH.

There are three different techniques for liver tissue sampling: transabdominal 
LB, transjugular LB, and surgical LB.

6.2	� Principles of Transabdominal LB

6.2.1	� Indications of Transabdominal LB

The indications for LB in general include those of transabdominal LB.  A liver 
biopsy serves three main purposes: (1) making a diagnosis, (2) determining the 
prognosis or disease stage, and (3) assisting with clinical management and thera-
peutic options.

Numerous liver diseases can be diagnosed via a liver biopsy, which also provides 
extra information that blood tests may not be able to provide. If another workup is 
unremarkable, a biopsy, for instance, can help with analyzing abnormal liver func-
tion tests [9].

Transabdominal LB aids in the confirmation of the diagnosis and directs treat-
ment in patients in whom autoimmune hepatitis (AIH) is highly suspected despite 
negative autoantibodies and/or normal IgG levels. Those who have an “overlap” 
syndrome combining primary biliary cirrhosis (PBC) and AIH can also be identified 
through a biopsy [10]. The degree of fibrosis can help guide treatment decisions for 
people with PBC [11].

Other liver diseases whose diagnosis could benefit from LB are drug-induced 
liver injury (DILI), acute or chronic rejection in patients after liver transplantation, 
and infiltrative and/or storage disease.

Furthermore, it is important to assess the degree of inflammation and fibrosis in 
people with chronic viral hepatitis. Additionally, among individuals with hemochro-
matosis, those whose biopsy revealed advanced fibrosis had a higher risk of 
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developing hepatocellular carcinoma (HCC) than those whose biopsy revealed no 
fibrosis [12].

6.2.2	� Contraindications of Transabdominal LB

There are a few contraindications that limit the use of transabdominal LB in certain 
patients. The contraindications are relative and absolute (Table 6.1). Relative con-
traindications in patients with urgent need of LB need careful considerations of the 
benefits and risks and a judicious decision regarding whether to perform the proce-
dure or search for another noninvasive surrogate for LB.

6.2.3	� Technique of Transabdominal LB

In a percutaneous liver biopsy, a needle is inserted through the skin and eventually 
into the liver tissue to collect a sample for use in staging, diagnosing, and/or devel-
oping therapy options for a range of liver illnesses. Since the very first report of 
transabdominal LB use in the year of 1923 [13], advances in the field allowed for a 
more precise target of liver lesion by using imaging techniques such as ultrasound, 
computed tomography (CT), and magnetic resonance imaging (MRI). Furthermore, 
with the use of imaging technique-guided transabdominal LB, there is a lower risk 
of complications and a higher rate of success in attaining the targeted liver tissue 
[14]. Transabdominal LB is the most common type of LB chosen in clinical practice.

6.2.3.1	� Description of the Technique
Three alternative methods can be used to do a percutaneous liver biopsy: real-time 
image guidance, image guidance, and palpation/percussion guidance.

The most popular technique is the palpation/percussion method, which is based 
on physical examination. Before inserting the needle for the image-guided proce-
dure, the biopsy site is marked using ultrasound. The real-time image-guided 
method uses tissue samples and the US concurrently. The patient is lying on his or 

Table 6.1  Contraindications for transabdominal LB

Absolute contraindications Relative contraindications
•	 The inability of a patient to fully cooperate with the 

procedure
•	 Significant coagulopathy or thrombocytopenia 

(unless corrected before the liver biopsy)
•	 Large ascites
•	 NSAID use (including aspirin) within the last 

5–7 days
•	 Patient refusal to accept blood transfusion or inability 

to provide blood transfusion support
•	 Hemangioma, vascular tumor, or echinococcal cyst
•	 Extrahepatic biliary obstruction

•	 Morbid obesity
•	 Mild ascites
•	 Hemophilia
•	 Infection within the right 

pleural cavity
•	 Infection below the right 

hemidiaphragm
•	 Amyloidosis
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her right side, close to the edge of the bed, in a supine position. The lower extremi-
ties should be shifted away from the torso to best allow for intercostal space expan-
sion before the patient’s right arm is raised over the head. The skin is uncovered, and 
percussion is applied to the upper right quadrant. The midaxillary line, which is the 
location of maximum dullness, is normally between the seventh and eighth intercos-
tal spaces and serves as the typical biopsy site. After designating the location, a 
bedside ultrasonography can verify its suitability and rule out the possibility of 
intestinal tissue covering the biopsy tract. The skin is then prepared and sterilely 
draped. To avoid the neurovasculature that runs along the lower border of each rib, 
lidocaine solution (1% or 2% solution is an alternative) is injected along the top 
border of the rib. At the location of the biopsy, a small surgical incision is per-
formed. The chosen biopsy needle is then inserted through the skin incision parallel 
to the floor and toward the xiphoid process (Fig. 6.1). In the phase of expiration, a 
tissue sample is obtained. Following the removal of the needle, the biopsy site is 
subjected to pressure for a short period of time before being bandaged. After that, 
the patient is positioned in the right lateral decubitus position, likely to stop bleed-
ing by applying pressure on the liver against the abdominal wall.

Following the procedure, the patient’s vital signs—including their blood pres-
sure, heart rate, and level of pain—are checked every 15 min for the first hour, every 
30 min for the following, and then every hour until they are ready to be released. 
The American Association for the Study of Liver Diseases states that patients should 
be monitored between 2 and 4 h after the procedure [15]. Patients are advised not to 
carry more than 4.5–7 kg for 1 week following the procedure.

6.2.3.2	� The Choice of the Needle
There are three primary groups of needles, each with different sizes and varieties: 
suction needles, cutting needles, and spring-loaded cutting needles with triggering 

7th and 8th
intercostal space at
the mid-axillary line

Fig. 6.1  The technique of 
transabdominal liver 
biopsy
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mechanisms The operator’s desire, the availability of the device, and the clinical 
picture essentially determine the needle to use [16]. For instance, if there is a strong 
suspicion of cirrhosis, a cutting needle may be preferable over a suction needle 
since suction needles have a tendency to fracture fibrotic tissue [17].

6.2.4	� Complications of Transabdominal LB

Complications can rarely occur after transabdominal LB, but the risk exists and can 
result in death. Approximately 60% of the complications happen during the first 2 h, 
and 96% happen within the first 24 h after transabdominal LB [13]. A cohort study 
which included about 60,000 individuals which were evaluated for various liver 
diseases by LB demonstrated that the overall mortality risk was approximately 
0.2% [16]. Pain at the biopsy site or pain that refers to the right shoulder is the most 
typical consequence [17]. Other complications are illustrated in Table 6.2.

6.2.5	� The Place of Transabdominal LB in the Diagnostic Workup 
for NAFLD

The gold standard for distinguishing steatohepatitis from simple steatosis and deter-
mining the stage of fibrosis is still liver histology. Thus, LB remains an important 
diagnostic tool, particularly in patients with NASH in which the diagnosis as well 
as the staging of the disease is difficult to be done with only the use of noninvasive 
tests. All recommendations concur that LB should only be taken into consideration 
in a small number of people due to its invasive nature and related costs. But further-
more, the limitations of LB are not related only to the invasive nature of the 

Table 6.2  Complications of transabdominal LB

Complication Commentary
Transient 
hypotension

As a result of vasovagal response or hemorrhage

Hemorrhage Subscapular, intrahepatic, intraperitoneal, hemobilia*, hemothorax
Pneumothorax After the injury of pleura or lung or right diaphragm
Biliary peritonitis Standard care of biliary peritonitis requires a multidisciplinary approach 

with endoscopic and surgical management
Portal vein 
thrombosis

Probably as a result of the damage to a branch of portal vein during biopsy

Transient 
bacteremia

Can occur in patients with biliary obstruction and cholangitis or when the 
colon is incidentally punctured

Subphrenic 
abscess
Carcinoid crisis The main manifestations are hypotension or hypertension, diarrhea, 

bronchoconstriction, flushing, and an acidosis
Death The main cause of death is intraperitoneal bleeding

*Quincke’s triad: Gastrointestinal bleeding, biliary pain, and jaundice
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procedure; it has also been associated with a high inter- and intraobserver variabil-
ity, sampling errors, and poor patient acceptance [8].

The American and European recommendations concur that patients with NAFLD 
suspected of advanced fibrosis should undergo a liver biopsy to confirm findings 
because this would have prognostic implications and result in therapy adjustments 
[2, 18]. The Asian recommendations are different in that they only advocate for LB 
when it is impossible to rule out the existence or severity of concomitant chronic 
liver disease or when the assessment of fibrosis by noninvasive tests is unclear [19].

All guidelines acknowledge that noninvasive methods should be performed to 
categorize individuals as low or high risk for advanced fibrosis; however, the 
American and Asian guidelines do not provide a preferred order of testing. The 
European recommendation offers a suggested diagnostic algorithm with recom-
mendations to help with hepatology referral. Additionally, it offers a suggested fol-
low-up plan to keep track of illness development with the caution that the best 
follow-up method has not yet been established.

The detection of NASH is crucial from a therapeutic standpoint since it signals a 
higher risk of fibrosis progression and the requirement for prompt treatment and 
vigilant monitoring. Currently, there are no reliable noninvasive methods to distin-
guish between simple steatosis and steatohepatitis. The US guidelines advise doing 
an LB in patients with the metabolic syndrome since it raises the risk for steatohepa-
titis. However, this strategy is clinically unworkable because the majority of NAFLD 
patients have at least one metabolic syndrome component. Furthermore, many clini-
cians are still hesitant to perform a biopsy because there is currently no pharmaceu-
tical therapy for NASH approved by regulatory authorities.

6.3	� Conclusions

Despite all limitations of LB, it remains the gold standard for the differentiation of 
steatohepatitis from simple steatosis, which is a mandatory step in the evaluation of 
patients suspected of NASH. Transabdominal LB should be performed only in a 
small proportion of patients, particularly in those included in a high-risk group, 
after a close evaluation of all indications and contraindications stated above.
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7Alternative Methods for Liver Biopsy: 
Endoscopic Ultrasound-Guided 
and Transjugular Liver Biopsy

Catalin Victor Sfarti, Stefan Chiriac, and Gheorghe G. Balan

7.1	� Introduction

Liver biopsy (LB) has long been considered the gold standard for the diagnosis of 
liver fibrosis in patients with nonalcoholic fatty liver disease (NAFLD) [1]. The 
traditional percutaneous method is the most preferred approach. However, alterna-
tive LB methods can be used in certain settings. Transjugular liver biopsy (TJLB) 
can reduce the risks of complications in patients with coagulopathy and ascites and 
can provide simultaneous portal pressure measurement if indicated [2].

Another recently introduced technique for LB is endoscopic ultrasound (EUS)-
guided LB. Although initially designed to improve the visualization of the pancre-
aticobiliary system, endoscopic ultrasound (EUS) has been increasingly used for 
the diagnostic and treatment of various conditions in the field of hepatology [3].

7.2	� Endoscopic Ultrasound-Guided Liver Biopsy 
(EUS-Guided LB)

EUS-guided LB can present several advantages compared to the other methods, 
such as decreased post-procedure pain, better patient tolerance, as well as possibil-
ity of performing several parenchymal passes without puncturing the liver capsule 
multiple times [4]. It seems that EUS-guided LB gains more and more popularity as 
patients tend to consider an endoscopic procedure under deep sedation preferable to 
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the conventional endovascular approach. Nevertheless, EUS-guided LB combines 
the advantages of tissue acquisition to those of a high-resolution ultrasonographic 
examination of the liver parenchyma that can involve additional features like elas-
tometry and contrast enhancement analyses.

7.2.1	� Indications and Contraindications for EUS-Guided LB

EUS-guided LB can be offered to all patients that require an LB. However, the most 
adequate and judicious use of this procedure would be in patients that also require 
endoscopic or EUS evaluation for associated indications. The main advantages and 
disadvantages of the procedure are presented in Table 7.1. EUS-guided LB is con-
traindicated in patients with coagulopathy, defined as platelets <50,000/microliter 
or an international normalized ratio >1.5. Patients that are not sedation candidates 
should be offered alternative LB methods [6].

7.2.2	� EUS-Guided LB Technique

7.2.2.1	� Description of the Technique
The procedure should be carried out with moderate or deep sedation, in accordance 
with the American Society of Anesthesiologists (ASA) score as well as with local and 
national endoscopy sedation protocols [5, 8, 9]. There are various techniques used for 
EUS-guided LB. As in all EUS-guided tissue acquisition procedures, the search for 
the optimal needle and method has led to an ample debate that has not yet produced a 
definite conclusion [10]. Ultimately, the choice of needle as well as method is in the 
hands of the endoscopists, in accordance with personal preference and expertise.

The patients rest in general in prone position. The echoendoscope is advanced at 
the level of the cardia, and endosonographic examination is used in order to identify 
the left lobe of the liver. The echoendoscope can be slowly advanced distally and 

Table 7.1  Advantages and disadvantages of EUS-guided LB [5–7]

Advantages Disadvantages
•  Less post-procedure pain
•  Faster recovery time
•  Adequate specimen
•  Real-time assessment and possibility to target and to avoid 
specific areas of the liver
•  Access of both the liver lobes
•  Can be performed in obese patients
•  Can be performed in patients with ascites
•  Can be performed in the same setting in patients that require:
 �� –  Portal pressure gradient measurement
 �� –  Screening and/or treatment of esophageal and/or gastric 

varices
 �� –  EUS-guided biliary drainage

•  High cost
•  Need for experienced 
operator
•  Requires sedation
•  Low availability
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gently torqued as needed to visualize the hepatic parenchyma. If access to the right 
lobe of the liver is desired, the echoendoscope should be positioned at the level of 
the duodenal bulb. Counterclockwise torque should then be applied until the liver 
parenchyma is visualized. In cases of altered anatomy, such as Roux-en-Y gastric 
bypass, EUS-guided LB can be performed from the transgastric route [5–7].

When the position of the echoendoscope is deemed stable and the liver paren-
chyma intended to be punctured is visualized, the needle is advanced through the 
working channel of the echoendoscope and fixed with the Luer-lock system. Color 
Doppler can be used to ensure that no visible vessels are interposed in the needle tra-
jectory. The sheath is consequently advanced until it is seen on the endosonographic 
image and locked. The needle is then advanced into the liver parenchyma with a rapid 
motion. Several passes can be performed. After each pass, the needle should be 
removed and the tissue obtained should be placed in formalin [6, 7].

7.2.2.2	� The Choice of the Technique
Various techniques have been proposed in order to maximize the quantity as well as 
the quality of the tissue obtained [5]. Traditionally, dry suction has been used for 
EUS-guided tissue acquisition [10]. This implies the attachment of an empty nega-
tive pressure syringe at the proximal end of the needle after it has been passed into 
the parenchyma. However, recent prospective data concerning EUS-guided LB 
showed that the wet suction technique allows better results in terms of the length of 
the biopsy obtained as well as the number of complete portal tracts (CPTs) when 
compared to dry suction [11]. In this setting, the needle is primed either with saline 
solution or with heparin prior to its use [10]. Several authors have used either the 
no-suction or the slow-pull techniques, which consist of completely removing the 
stylet before the procedure or slowly removing the stylet during the procedure, with 
different but overall good outcomes [12].

7.2.2.3	� The Choice of the Needle
There are many needles commercially available, both for fine needle aspiration 
(FNA) or fine needle biopsy (FNB), with different calibers, ranging from 19 to 25 
gauge. There is much published data regarding the quality of the sample obtained by 
FNA or by FNB with different types of needles. A recent meta-analysis including 23 
studies and a total of 1488 liver biopsies performed in 1326 patients concluded that 
FNB needles, especially third-generation ones, were superior in terms of CPTs than 
FNA. However, in terms of caliber, the authors did not find any significant differ-
ence when comparing 19–22 gauge FNB needles [13].

7.2.3	� Adverse Events of EUS-Guided LB

Adverse effect (AE) rate after EUS-guided LB is under 10%; significant AEs are 
found in about 1% of the cases [13]. The most common adverse effect is post-
procedural abdominal pain. Rare AEs include bleeding, subcapsular hematoma, bile 
leak, and death [13].
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7.3	� Transjugular Liver Biopsy

Transjugular liver biopsy (TJLB) has long been one of the main tools used in liver 
tissue acquisition in patients with acute or chronic liver diseases, especially in cases 
which are associated with severe coagulopathy or ascites [14]. Such method is an 
alternative to classic liver biopsy and includes obtaining liver tissue through a rigid 
cannula introduced into one of the hepatic veins, by means of jugular venous access, 
most frequently through the right internal jugular vein. It was first described by 
Dotter in 1964 and clinically performed for the first time by Hanafee in 1967. The 
method is characterized by several advantages, with the most important one being 
decreasing the risk of hemorrhage after biopsy since bleeding secondary to liver 
injury will drain into the hepatic veins [15].

Quality standards in TJLB include obtaining a tissue specimen of at least 15 mm 
long and/or containing at least six complete portal tracts (CPTs) as minimal stan-
dards [14, 16]; nevertheless, at least 20 mm specimens and/or 11 CPTs have been 
associated with best results and optimal reliability in staging and grading [17–19]. 
Furthermore, the number of CPTs has been regarded as the most reliable tool for 
assessing the adequacy of a tissue specimen mainly because specimens obtained by 
a transjugular technique used to be viewed as suboptimal compared with the sam-
ples obtained with percutaneous approach as they were smaller and relatively more 
fragmented [14, 20]. The quality core tissue obtained by TJLB has significantly 
improved once automatic cutting-type Tru-cut needles entered the market, and now 
samples obtained by transjugular approach are considered comparable to those 
obtained by percutaneous technique [20, 21].

7.3.1	� Indications and Contraindications of TJLB

The most determinant aspect regarding indications of TJLB is the fact that it can be 
used in patients where percutaneous approach is either challenging or contraindicated. 
Thus, the main indication is tissue acquisition in diffuse liver diseases, which is asso-
ciated with severe coagulopathy and/or ascites where standard percutaneous, endo-
sonographic, or surgical approach is associated with a higher risk of severe coagulation 
abnormalities or ascites, where standard percutaneous liver biopsy is associated with 
a high risk of a potentially life-threatening hemoperitoneum [14, 22, 23]. Thus, as 
shown in Table 7.2, indications for TJLB may be either absolute or relative.

TJLB may also be used as an adjacent technique for the measurement of hepatic 
venous pressure gradient (HVPG)—a reliable prognostic marker for survival and 
response to pharmacologic treatment in patients with clinically significant portal 
hypertension [24]. Moreover, TJLB plays an important role in the workup of patients 
who received liver transplantation to histologically assess recipients with HCV rein-
fection or suspected acute rejection and preservation-reperfusion injury and to mea-
sure HVPG [25]. However, the main indication of TJLB has always been represented 
by the histological assessment of acute alcoholic hepatitis, to guide early corticoste-
roid therapy [26].

C. V. Sfarti et al.



85

Table 7.2  Absolute and relative indications for transjugular liver biopsy (after Dohan et al., 2014)

Absolute

1.  Abnormalities of coagulation
    �� (a)  Platelets <50,000 per mm3

    �� (b)  Prothrombin time >4 s over control
2.  Massive ascites
3.  Anticoagulant or antiplatelet aggregation treatment that cannot be interrupted
4.  Vascular tumors, hereditary hemorrhagic telangiectasia, or liver peliosis
Relative
1.  Need to perform other vascular procedures (hemodynamic study and portography)
2.  Inability to perform percutaneous liver biopsy or previously failed percutaneous biopsy
3.  Evaluation prior to cardiac and kidney transplant
4.  Severe obesity
5.  Budd-Chiari syndrome
6.  Atrophic liver
7.  Suspected amyloidosis
8.  Cardiac liver
9.  Hemodialysis and chronic kidney disease

While no specific contraindication of TJLB has so far been cited, common rec-
ommendations state that the risk-benefit ratio should always be assessed in a case-
by-case scenario. However, it is commonly acknowledged that TJLB should not be 
performed when there is no central venous access available (inferior vena cava 
obstruction). Moreover, TJLB is contraindicated due to the lack of feasibility in case 
of thromboses of the right jugular vein [19, 21, 22]. In such cases, expert opinions 
suggest several alternative access routes like the right external jugular vein, the left 
internal jugular vein, or the femoral vein. Nevertheless, such techniques are associ-
ated with a higher risk for adverse events and should be referred to expert and high-
volume centers.

There are some other clinical conditions considered as relative contraindications 
where TJLB should be avoided due to the increased likelihood for adverse events 
and complications. Among such conditions are the following [19, 21]: polycystic 
liver disease, hepatic hydatid disease, acute cholangitis, uncontrolled sepsis and 
septic shock, focal hepatic lesions and liver trauma, and not the least allergy to con-
trast agent. Proper patient cooperation and full disclosure and informed consent are 
also prerequisites for proper TJLB procedure quality.

7.3.2	� Technique and Puncture Procedure

Proper preparation requires abdominal ultrasound prior to the procedure to assess 
liver size, identify any focal lesions, and assess the hepatic veins. Procedure details 
should be presented to patients, and a written informed consent form should be 
provided and signed. Using a pre-procedural checklist is encouraged, and it should 
include (i) ruling out contrast allergy, (ii) 6-h fasting to reduce the chances of aspira-
tion, (iii) ruling out coagulopathy and proper management of antithrombotic agents, 
and (iv) assessing kidney function. The patient may receive by mouth light sedation 
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using a premedication consisting of anxiolytics and/or antalgics administered 2 h 
before the procedure. An anesthetic patch may be applied to the puncture site on the 
neck 1 h before the procedure.

The biopsy should be performed in an interventional radiology room, under 
strictly aseptic conditions, and the patient’s vital signs need to be checked repeat-
edly by recording arterial pressure and continuous heart monitoring to detect tran-
sient arrhythmias which might occur during the transit through the right atrium [23]. 
In order to increase patient safety, ultrasonographic localization of the right internal 
jugular vein and real-time guidance of puncture are mandatory as they avoid acci-
dental puncture of the carotid artery and pneumothorax [27]. After the puncture, a 
guide wire (0.035  in. for 18G) is passed through the needle and a 9Fr sheath is 
placed. The wire is advanced along the superior vena cava-right atrium-inferior 
vena cava and into the right hepatic vein. Suitable specimens should be at least 
15 mm long and contain at least 6 CPTs, and reliable grading and staging of liver 
disease require a biopsy of at least 20 mm in length and at least 11 portal tracts 
[19, 20].

7.3.3	� Adverse Events of TJLB

The overall adverse event rate of TJLB is relatively low, with most studies report-
ing cumulative incidences of under 10%, with minor complications occurring in 
up to 6.5% of patients, major complications in no more than 1%, and extremely 
rare cases of death in up to 0.1% of patients [19, 28]. Nevertheless, when pain, 
abdominal discomfort, and patient intolerance are added on, adverse event rates 
may reach 30% [23]. Moreover, high-intensity new-onset right upper quadrant 
pain and worsening of previous dyspnea are highly suggestive for complicated 
TJLB, and appropriate workup should be indicated to early detect such events. 
The most frequent adverse events are related to the venous access and puncture 
and include neck pain, local hematoma, and accidental puncture of carotid artery. 
Hence, the use of US guidance for venous access has substantially decreased the 
incidence of such events.

7.4	� The Specific Role of EUS-Guided LB and TJLB in NAFLD

Histologic evaluation with liver biopsy is still considered by most authors as the 
gold standard to diagnose NAFLD as tissue acquisition adds on the diagnosis 
through its findings that can range from triglyceride deposition as droplets in the 
hepatocyte to more extensive forms of nonalcoholic steatohepatitis [29]. However, 
a preemptive diagnosis that would include the medical history, physical examina-
tion, and laboratory and imagistic workup seems mandatory. Thus, main indications 
for tissue acquisition in patients with NAFLD are to confirm or exclude the diagno-
sis in patients that still have an unclear diagnosis after noninvasive assessments and, 
in specific cases, to assess the extent of histologic liver damage [30–32].
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7.5	� Conclusions

Given the constantly growing obesity pandemics and the higher and higher preva-
lence of metabolic comorbidities, achieving proper workup and management of 
patients with NAFLD and its complications will clearly require all the complex 
tools. Among these, EUS-guided LB and TJLB will not only hold their position and 
gold standard for NAFLD diagnosis but also gain an extension to their applications 
towards achieving proper differential diagnosis and risk stratification of liver histo-
logic damage.
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8Morphopathology of Nonalcoholic Fatty 
Liver Disease

Mirela Marinela Florescu and Dan Ionuț Gheonea

8.1	� Introduction

Nonalcoholic fatty liver disease (NAFLD) is a disorder outlined by redundant con-
glomeration of triglycerides within the hepatocytes that outstrip 5% of liver weight, 
in a liver with no history of alcohol abuse. NAFLD includes a large spectrum of 
disease such as simple steatosis or even nonalcoholic steatohepatitis (NASH).

Past studies considered that these entities can rarely lead to cirrhosis and hepato-
cellular carcinoma, but as chronic viral hepatitis C is targeted for worldwide elimi-
nation, NAFLD and NASH are expected to lead to more and more cases of cirrhosis 
and even hepatocellular carcinoma [1, 2].

Histopathologically, lobular inflammation, macrovesicular steatosis, and hepato-
cyte ballooning determinate the presence of NASH. In most of the cases, the pathol-
ogy of NASH is not much different from alcoholic fatty liver disease. Therefore, the 
diagnosis can only be made in the total or significant absence of alcohol consump-
tion or in the case of ingestion of less than 30 g/day of alcohol for men and 20 g/day 
of alcohol for women [3].

NAFLD is becoming one of the most common liver diseases today, being identi-
fied by imaging studies in approximately 20–33% of the adults [3–5]. NAFLD is 
frequently diagnosed from the fourth to the sixth decades of life, although the 
increase in childhood obesity has also influenced the increased rate of NAFLD in 
children.

The prevalence of this disease also varies according to the ethnicity of the 
patients, affecting ~45% of the Hispanic population, 33% of the white population, 
and 24% of the African American population. Among the white population, NAFLD 
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Table 8.1  Secondary causes of NAFLD

Disorders of lipid metabolism Medications
Nutritional 
causes Other causes

Abetalipoproteinemia Highly active 
antiretroviral therapy

Total parenteral 
nutrition

Celiac disease

Familial 
hypobetalipoproteinemia

Tamoxifen Severe surgical 
weight loss

Hepatitis C 
infection

Familial combined 
hyperlipidemia

Amiodarone Starvation Wilson’s disease

Glycogen storage disease Methotrexate Environmental 
toxicity

Weber–Christian syndrome Corticosteroids
Lipodystrophy

is more common in men than in women, in contrast to the Hispanic and African 
American population where the ratio between men and women is 1:1 [6].

NAFLD is included in the metabolic syndrome, being considered a hepatic man-
ifestation of it. From an etiological point of view, NAFLD is associated with hepatic 
and systemic insulin resistance, obesity, type 2 diabetes, and dyslipidemia [1, 2].

However, quite a few cases of NAFLD result from various specific secondary 
causes (Table 8.1) [7–13].

8.2	� Histopathological Diagnosis of NAFLD/NASH

In order to be able to diagnose NAFLD/NASH, we usually have to clinically exclude 
other liver diseases such as alcoholic hepatic steatosis, Wilson’s disease, acute and 
chronic viral hepatitis, or liver lesions caused by medication (antiretroviral thera-
pies, amiodarone, tamoxifen, corticosteroids, methotrexate). From a histopathologi-
cal point of view, the diagnosis of NAFLD/NASH is highlighted by the presence of 
macronodular steatosis accentuated in zone 3 (Figs. 8.1 and 8.2) and the presence of 
a slight polymorphic inflammation and hepatocellular ballooning, also most fre-
quently found in zone 3. The presence of fibrosis can also be observed quite fre-
quently but does not represent a diagnostic criterion for this type of disease [14–16].

Histopathological aspects of NAFLD/NASH include:

•	 Steatosis
•	 Portal and lobular inflammation
•	 Mallory-Denk bodies
•	 Hepatocellular ballooning
•	 Apoptotic hepatocytes
•	 Glycogenated nuclei
•	 Megamitochondria
•	 Iron deposits
•	 Fibrosis
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Fig. 8.1  Macrovesicular 
steatosis in nonalcoholic 
fatty liver disease. 
Masson’s trichrome 
staining. Macrovesicular 
steatosis predominant in 
zone 3

Fig. 8.2  Macrovesicular 
steatosis in nonalcoholic 
fatty liver disease. 
Hematoxylin and eosin 
staining. Macrovesicular 
steatosis predominant in 
zone 3

8.2.1	� Steatosis

Steatosis represents the most important aspect of NAFLD. Hepatocellular steatosis 
can be of two types: microvesicular steatosis (hepatocytes contain small fat vacu-
oles in the cytoplasm, with the nucleus located centrally) and macrovesicular steato-
sis (hepatocytes contain large or small well-defined fat vacuoles that can converge 
and push the nucleus to the periphery). In most cases of NAFLD, the steatosis is 
macrovesicular. In order to make a diagnosis of NAFLD, it is necessary that steato-
sis is present in more than 5% of hepatocytes [17–20].

8.2.2	� Portal and Lobular Inflammation

Also, both intralobular inflammation and portal inflammation are present in NAFLD/
NASH. The intralobular inflammation is frequently mild and is expressed by a poly-
morphic inflammatory infiltrate that contains both neutrophils and lymphocytes, 
plasma cells, Kupffer cells, and eosinophils. This type of inflammation is more 
common in NASH [20]. Moreover, also in NASH, agglomerations of sinusoidal 
Kupffer cells and lipogranulomas consisting of fat vacuoles, collagen fibers, and a 
polymorphic inflammatory infiltrate are observed. Portal inflammation is usually 
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mild or even absent in NAFLD/NASH, composed mainly of chronic inflammatory 
cells (lymphocytes). In cases where the portal inflammation is severe, several stud-
ies have shown that the possibility of autoimmune hepatitis or even a viral hepatitis 
with virus C should be considered. Medium or severe chronic portal inflammation 
has always been associated with the localization of steatosis, hepatocyte ballooning, 
and appearance of advanced fibrosis [21, 22]. Thus, in an untreated NAFLD, moder-
ate or even severe chronic portal inflammation can be perceived as a marker of 
advanced liver diseases [22, 23].

8.2.3	� Mallory-Denk Bodies

Mallory-Denk bodies (MDBs) are frequently observed in ballooned hepatocytes, 
especially in zone 3 (centrolobular). These structures are represented by cyto-
keratin 8 and 18, p16, and ubiquitin. They stand out as eosinophilic aggregates 
with an irregular shape that are found in the cytoplasm of hepatocyte cells, with 
their role being still unclear [24]. The immunohistochemical examination helps 
to identify these aggregates of cytokeratins 8 and 18 if they are present in the 
ballooned cells. The presence of MDBs is very useful in the diagnosis of NASH, 
but these structures are also found in other liver pathologies such as chronic cho-
lestasis or alcoholic hepatitis [25]. For a differential diagnosis, we can take into 
account the presence of MBDs in non-ballooned cells in the case of alcoholic 
hepatitis [8, 21].

8.2.4	� Hepatocellular Ballooning

The process by which ballooned hepatocytes appear was highlighted following the 
alteration of the intermediate filament of the cytoskeleton. Thus, cytokeratins 8 and 
18 (hepatocyte keratins) are dispersed and are found only in the periphery of the 
cytoplasm [26]. Hepatocyte ballooning is highlighted in hematoxylin-eosin staining 
by large, swollen hepatocytes with rarefied cytoplasm. Fat vacuoles and/or MDBs 
can be highlighted inside them. Because in hematoxylin-eosin staining ballooned 
hepatocyte cells can be recognized with difficulty, it is important to use the immu-
nohistochemical marker cytokeratin 8/18 to highlight the lack of immunostaining. 
This is considered an objective marker of ballooned hepatocytes [27].

8.2.5	� Apoptotic Hepatocytes

In NASH, apoptotic hepatocytes can also be present, which are frequently found in 
the sinusoids. These acidophilic bodies are represented by intensely eosinophilic 
and round bodies, with/or without the presence of hyperchromatic nuclear frag-
ments [28].
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8.2.6	� Glycogenated Nuclei

The presence of glycogenated nuclei is frequently found in NAFLD. These are vis-
ible vacuolated nuclei in the periportal hepatocytes. The identification of these 
nuclei is important in differentiating NASH from alcoholic steatohepatitis (ASH), 
because in ASH they are rarely found [29].

8.2.7	� Megamitochondria

Megamitochondria are frequently found in hepatocytes with microvesicular steato-
sis. They are represented by the round structure or in the form of crystals, as eosino-
phils located in the cytoplasm of liver cells. Although the mechanism of production 
of these lesions is poorly understood in NASH, they could represent an adapted 
change of mitochondria or may be caused by lipid peroxidation [30].

8.2.8	� Iron Deposits

Iron deposits can be present in NAFLD/NASH both in liver cells and in sinusoidal 
lining cells of the reticuloendothelial system [21, 31, 32]. Some specialized studies 
highlight the fact that the accumulation of iron predominantly in hepatocytes leads 
to the appearance of advanced fibrosis in NASH. There are also studies that demon-
strated that iron accumulations at the level of the reticuloendothelial system were 
associated with advanced fibrosis, compared to patients in which iron accumula-
tions were at the level of hepatocytes [33, 34].

8.2.9	� Fibrosis

Perisinusoidal or pericellular fibrosis (chicken wire) is characteristic in NASH and 
is frequently found in zone 3. To highlight the fibrosis, special stains can be used 
such as Masson’s trichrome stain or stains for reticulin fibers. In NAFLD, fibrosis is 
often accompanied by an active necroinflammatory reaction. In the evolution of 
NASH, portal/periportal fibrosis may appear, afterwards bridging fibrosis, and 
finally liver cirrhosis may also develop [35, 36]. In a meta-analysis of ten histologi-
cal studies carried out by Argo CK et al. in 2009, the following were highlighted as 
independent markers of progression to advanced fibrosis in NASH: parenchymal 
inflammation or portal inflammation, but also the older age of patients in the case of 
the first biopsies performed [37]. There is also the notion of burnout NASH, which 
is used in the event that during the onset of advanced fibrosis or cirrhosis, necroin-
flammatory reactions and steatosis disappear [26, 38]. NAFLD/NASH is one of the 
main causes of cryptogenic cirrhosis [39], and the macroscopic appearance of cir-
rhosis associated with NASH can be both macronodular and mixed [40, 41].

8  Morphopathology of Nonalcoholic Fatty Liver Disease



94

Table 8.2  Grading and staging system of NASH

Grading
Steatosis Ballooning Intralobular inflammation Portal inflammation

Grade 1 (mild) +++ ± In zone 3 + Polymorphs
± Lymphocytes

±

Grade 2 
(moderate)

+++ ++ In zone 3 + Polymorphs
+ Lymphocytes

+/++

Grade 3 (severe) ++++ +++ In 
zone 3

+ Polymorphs
± Lymphocytes

+/++

Staging
Stage 1 Perisinusoidal fibrosis, focal/extensive
Stage 2 Perisinusoidal and periportal fibrosis, focal/extensive
Stage 3 Perisinusoidal and periportal fibrosis + bridging fibrosis
Stage 4 Cirrhosis

8.3	� Grading and Staging System of NASH

In 1999, Brunt et  al. classified NASH into three grades, in which hepatocellular 
steatosis, presence of portal or intralobular inflammation, and ballooning of hepato-
cytes are analyzed. Grade 1 was described as the mild form, grade 2 as the moderate 
form, and grade 3 as the severe form (Table 8.2). At the same time, the same authors 
proposed a score based on the location and extent of the fibrosis. Thus, three stages 
resulted: stage 1 in which the fibrosis is located in perisinusoidal zone 3, stage 2 in 
which the fibrosis is located both perisinusoidally and at the periportal level, stage 
3 in which bridges of porto-portal and porto-centrolobular fibrosis are formed, and 
stage 4 cirrhosis (Table 8.2) [14]. Several years later from the classification made by 
Brunt et  al., the NASH Clinical Research Network (NASH CRN) subclassified 
stage 1 into stage 1A in which mild fibrosis is observed in zone 3, perisinusoidal; 
stage 1B in which a moderate fibrosis appears in zone 3; and stage 1C in which only 
portal and periportal fibrosis can be noted (Table 8.2) [14, 17].

8.4	� Differential Diagnosis

NAFLD requires histological differentiation from alcoholic liver disease, which can 
be a demanding task even when considering anamnesis and clinical aspects of the 
patients. There are a few histological dissimilarities that have been outlined.

More regular aspects in ASH embrace canalicular cholestasis, frequent and well-
proportioned MDBs, prominent ductular reaction, as well as acute inflammation 
and fibrosis in the portal extent. In a few occasions, other aspects can be noticed in 
alcoholic liver disease such as sclerosing hyaline, necrosis, and veno-occlusive 
lesions, whereas in NAFLD, such lesions have not been reported [21].

Regarding the necroinflammatory activity, data reports suggest that it is more 
severe in ASH than in NASH [27]. On the other hand, there are histological aspects 
like glycogenated nuclei or lipogranulomas that are more common in NASH. In a 
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similar manner, severe steatosis is a common feature as well; hence, steatosis is a 
prime pathological aspect of NASH, which can be absent in some cases of ASH.

There are differences regarding fibrosis in both ASH and NASH that show dis-
tinct patterns. Fibrosis pattern in ASH is a firm pattern on reticulin-strained slides, 
whereas in NASH, the fibrosis reveals in a lattice pattern [41].

8.5	� Evolution

NASH is considered to be involved in the development of liver cirrhosis and hepa-
tocellular carcinoma. In the course of developing antiviral treatment of chronic 
hepatitis B and elimination of chronic hepatitis C through interferon-free treatment, 
5-year incidence estimates of HCC suggest increasing cases for cirrhotic NASH 
compared to viral hepatitis in the past [42, 43].

There is undergoing research to fully clarify specific pathological aspects regard-
ing HCC development in patients with NASH. Past research indicated a character-
istic HCC histological type developed in cases of extensive steatosis.

These variants were described as steatohepatitis hepatocellular carcinoma 
(SH-HCC), and several histological aspects were enhanced such as large droplet 
steatosis, ballooning of malignant hepatocytes, MDBs, as well as chronic inflamma-
tion or pericellular fibrosis [42]. Other reports also indicate that the prevalence of 
SH-HCC is increasing in patients with NASH or ASH, and most cases develop on 
severe steatohepatitis, hence the hefty interconnection of SH-HCC and NASH. Also, 
new data shows that SH-HCC tends to develop more often in cirrhotic NAFLD 
patients in contrast with ASH [43].

There are literature reports that suggest the possibility of NAFLD regression, but 
at the same, it is estimated that over 20% of patients with NASH and bridging fibro-
sis progress to liver cirrhosis and first liver decompensation within the first 2 years 
of the diagnosis [44].
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92D Shear Wave Elastography 
Performance in the Diagnosis 
of Nonalcoholic Fatty Liver Disease

Ioan Sporea and Alina Popescu

9.1	� Introduction

Nonalcoholic fatty liver disease (NAFLD) currently represents an important public 
health problem, due to its high and increasing frequency in the general population 
[1]. It can be divided from the point of view of prognosis into simple hepatic steato-
sis, generally without the potential of progression to liver cirrhosis, and nonalco-
holic steatohepatitis (NASH), in which the central element is inflammation [2]. The 
prognosis, however, in this last category, is given by the presence of fibrosis, with 
potential evolution towards cirrhosis and hepatocellular carcinoma, respectively, 
hence the importance of evaluating the severity of liver fibrosis in NAFLD, for the 
stratification of the prognosis and the modulation of therapeutic interventions.

The method currently considered the “gold standard” for evaluating liver fibrosis 
is liver biopsy, an invasive procedure, burdened by the possibility of complications 
[3] and generally being more difficult to be accepted by patients. However, there are 
currently noninvasive evaluation methods, which have the advantage of much easier 
acceptance by patients, being free of complications, and having elements that rec-
ommend them also in the case of the need for repetitive evaluations.

The role of noninvasive assessment would be to identify people at risk of 
NAFLD among people at increased metabolic risk, among those with NAFLD, to 

I. Sporea (*) · A. Popescu 
Department of Internal Medicine II, Division of Gastroenterology and Hepatology, Center for 
Advanced Research in Gastroenterology and Hepatology, “Victor Babeș” University of 
Medicine and Pharmacy, Timișoara, Romania 

Department of Gastroenterology and Hepatology, “Pius Brânzeu” Clinical Emergency County 
Hospital, Timișoara, Romania 

Regional Center of Research in Advanced Hepatology, Academy of Medical Sciences, 
Timișoara, Romania
e-mail: isporea@umft.ro

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
A. Trifan et al. (eds.), Essentials of Non-Alcoholic Fatty Liver Disease, 
https://doi.org/10.1007/978-3-031-33548-8_9

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-33548-8_9&domain=pdf
mailto:isporea@umft.ro
https://doi.org/10.1007/978-3-031-33548-8_9


100

identify those with a more severe prognosis requiring specific interventions, to 
monitor the evolution of the disease, and to assess the response to therapeutic 
interventions [2].

Ultrasound-based elastography is a method that has developed rapidly recently, 
due to its applications in multiple liver pathologies, due to the fact that it is a fast 
method, and due to it being easily accepted by patients, which can be repeated and 
is not very expensive [4]. It is also the most frequently used method at present, for 
the noninvasive evaluation of liver fibrosis.

International guidelines classify these US elastography techniques into strain 
elastography (developed mainly for breast, thyroid, and prostate nodule assessment) 
and shear wave elastography (SWE—in which the speed of shear waves generated 
inside the liver is measured by ultrasound) [4, 5].

Based on the type of external impulse and the technology used to measure the 
shear wave speed, SWE elastography is subdivided into transient elastography 
(TE), point SWE (pSWE), and real-time elastography which includes 2D-SWE and 
3D-SWE [4, 5].

9.2	� 2D-SWE Technique

For 2D-SWE, acoustic radiation force impulse (ARFI) is used to interrogate the tis-
sue and create tissue displacement at multiple points [4, 5]. A large quantitative 
color-coded elasticity map (elastogram) is displayed, usually overlaid on the con-
ventional B-mode ultrasound image, and, in addition, a quantitative measurement 
can be obtained by placing smaller regions of interest (ROIs) inside the color-coded 
elasticity map (Figs. 9.1 and 9.2). The result of one measurement is displayed usu-
ally as the mean and standard deviation, either in m/s or in kPa. This technique is 
available on multiple ultrasound systems including Aixplorer SuperSonic Imagine 
(Hologic), General Electric Healthcare, Canon, Philips, Siemens, Samsung, 
Mindray, and others.

The technique is simple; for the measurements, patients will be held in a supine 
position with their right arm in maximal abduction for a better approach of the right 
liver lobe through the intercostal spaces. Patients should be fasting (for at least 3 h) 
and rest for a minimum of 10 min before the assessment, and large vessels, artifacts, 
and respiratory movements should be avoided [4, 5]. Compared to other elastogra-
phy techniques, for 2D-SWE, ultrasound experience is useful for better performance 
of the examiner [6]. The technique has the advantage that can be performed also in 
patients with ascites, but an adequate B-mode conventional ultrasound image is 
necessary for reliable results.

The technique is the most recent one available implemented in ultrasound sys-
tems, and already several studies have showed its good accuracy for predicting 
significant fibrosis and liver cirrhosis, in chronic liver diseases of different 
etiologies.
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Fig. 9.1  Liver stiffness measurement by 2D-SWE using Aixplorer system (SuperSonic Imagine) 
(Hologic)

Fig. 9.2  Liver stiffness measurement by 2D-SWE using E10 system (General Electric Healthcare)
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9.3	� Accuracy of 2D-SWE for Liver Fibrosis Assessment 
in NAFLD Patients

Several studies evaluated the accuracy of 2D-SWE techniques for liver fibrosis 
assessment in NAFLD patients. Table 9.1 summarizes these studies and the pro-
posed cutoff values for the different stages of fibrosis.

One of the first studies that compared 2D-SWE, TE, and pSWE with liver biopsy 
in 291 NAFLD patients [7] showed similar good accuracies for all three techniques, 
slightly better for 2D-SWE: the AUROCs for 2D-SWE, TE, and pSWE (VTQ) were 
0.86, 0.82, and 0.77 for diagnosing ≥F2; 0.89, 0.86, and 0.84 for ≥F3; and 0.88, 
0.87, and 0.84 for F4, respectively. The cutoff values for 2D-SWE and TE for pre-
dicting different stages of fibrosis with a sensitivity ≥90% were very close: 
6.3/6.2 kPa for ≥F2, 8.3/8.2 kPa for ≥F3, and 10.5/9.5 kPa for F4.

Several other studies had similar results for different 2D-SWE techniques. 
Table 9.2 summarizes the accuracy of 2D-SWE for diagnosing different stages of 
fibrosis reported by different studies.

In a study performed by our group [18], that included 204 consecutive adult 
patients with NAFLD, liver fibrosis was evaluated by the 2D-SWE technique 
embedded on the Aixplorer MACH 30 system-shear wave elastography (2D-SWE 
PLUS), using TE as reference method. A strong correlation between LSMs by 
2D-SWE PLUS and TE (r = 0.89) was found, with a best 2D-SWE PLUS cutoff 
value for the presence of significant fibrosis (F ≥ 2) of 7 kPa, and the assessment of 
steatosis and inflammation was also possible by the same system.

Table 9.1  Cutoff values of 2D-SWE for liver fibrosis assessment in NAFLD patients

Study
No. of 
patients Elastography

Cutoff values for each fibrosis stage
F1 F2 F3 F4

Cassinotto 
(2016) [7]

291 2D-SWE – >6.3 kPa >8.3 kPa >10.5 kPa

Herrmann 
(2017) [8]

156 2D-SWE – >7.1 kPa >9.2 kPa >13 kPa

Lee (2017) 
[9]

94 2D-SWE – >8.3 kPa >10.7 kPa >15.1 kPa

Takeuchi 
(2018) [10]

71 2D-SWE >6.6 kPa >11.6 kPa >13.1 kPa >15.7 kPa

Jamialahmadi 
(2019) [11]

90 2D-SWE >5.6 kPa >6.6 kPa >6.8 kPa >6.8 kPa

Imajo (2020) 
[12]

221 2D-SWE >6.65 kPa >8.04 kPa >10.6 kPa >12.37 kPa

Furlan (2020) 
[13]

57 2D-SWE – >5.7 kPa >8.1 kPa –

Sharpton 
(2021) [14]

114 2D-SWE >7.5 kPa >7.7 kPa >7.7 kPa >9.3 kPa

Podrug 
(2021) [15]

164 2D-SWE >7.9 kPa >10 kPa >11.4 kPa

METAVIR fibrosis stage: F1: mild fibrosis; F2: significant fibrosis; F3: severe fibrosis; F4: cirrhosis
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Table 9.2  Accuracy of 2D-SWE for liver fibrosis assessment in NAFLD patients

Study No. of patients Fibrosis stage AUROC
Cassinotto (2016) [7] 291 ≥F2

≥F3
F4

0.86
0.89
0.88

Herrmann (2017) [8] 156 ≥F2
≥F3
F4

0.86
0.93
0.92

Takeuchi (2018) [10] 71 ≥F1
≥F2
≥F3
F4

0.82
0.75
0.82
0.90

Jamialahmadi (2019) [11] 90 ≥F1
≥F2
≥F3
F4

0.77
0.72
0.77
0.70

Furlan (2020) [13] 57 ≥F2
≥F3

0.80
0.89

Sugimoto (2020) [16] 111 ≥F1
≥F2
≥F3
F4

0.79
0.88
0.90
0.95

Podrug (2021) [15] 164 ≥F2
≥F3
F4

0.91
0.92
0.95

Zhou (2022) [17] 116 ≥F2
≥F3
F4

0.86
0.89
0.90

METAVIR fibrosis stage: F1: mild fibrosis; F2: significant fibrosis; F3: severe fibrosis; F4: cirrho-
sis. n: sample size. AUROC: area under receiver operating characteristics curve

In a more recent study [19] that included 104 patients with NAFLD evaluated by 
TE and 2D-SWE, with liver biopsy as reference method, the correlation between 
fibrosis based on histology and liver stiffness measurements (LSMs) was signifi-
cantly stronger for 2D-SWE as compared to TE (Spearman’s correlation coefficient 
of 0.71; P < 0.001 vs. 0.51, P < 0.001; Z = 2.21, P = 0.027). Inflammatory activity 
was an independent predictor of LSM by TE, but not of LSM by 2D-SWE.

Similar to all elastography techniques, 2D-SWE has better accuracy for diagnos-
ing severe stages of fibrosis. In a study that included 552 patients with NAFLD that 
underwent LSM by 2D-SWE and TE at the same visit [20], the median LSMs were 
5.5 (2.8–75) kPa for TE and 6.2 (3.7–46.2) kPa for 2D-SWE. LSMs by TE and 
2D-SWE were correlated regardless of the obesity status (r = 0.774; P < 0.001; 
r = 0.774; P < 0.001; r = 0.75; P < 0.001  in BMI <25, 25–30, and ≥30 kg/m2, 
respectively) or the degree of liver steatosis (r = 0.63; P < 0.001 and r = 0.743; 
P  <  0.001  in mild and moderate/severe steatosis, respectively). The correlation 
between the two methods was strong in patients with at least severe fibrosis (r = 0.84; 
P < 0.001) or cirrhosis (r = 0.658; P < 0.001), with an excellent accuracy of 98.8 and 
99.8% in diagnosing severe fibrosis and cirrhosis for 2D-SWE using TE as reference.
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9.4	� Conclusions

Thus, 2D-SWE techniques are proved to be reliable also for the evaluation of liver 
fibrosis in NAFLD patients, and the guidelines recommend to use them especially 
for ruling out liver cirrhosis [4, 5, 21]. To avoid the confusion created by the differ-
ent cutoff values available in the literature, the experts suggested the use of “rule of 
four” for the interpretation of liver stiffness values obtained also by 2D-SWE in 
NAFLD patients: ≤5  kPa—normal, <9  kPa—excludes advanced fibrosis, 
9–13 kPa—suggests advanced fibrosis, >13 kPa—diagnostic for cACLD (advanced 
fibrosis), and >17 kPa—suggests CSPH [22].
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10Vibration-Controlled Transient 
Elastography and Controlled 
Attenuation Parameter for Staging 
Nonalcoholic Fatty Liver Disease
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10.1	� Introduction

According to most recent epidemiologic data, the most widespread chronic liver 
condition is nonalcoholic fatty liver disease (NAFLD). The prevalence of NAFLD 
is much more common than previously believed and is increasing at an alarming 
rate, according to a recent study [1]. Men have a much greater incidence and preva-
lence of NAFLD compared to women. Greater awareness of NAFLD and develop-
ment of cost-effective risk stratification techniques are required to combat the 
increasing prevalence of NAFLD. Although, formerly, the prevalence of NAFLD 
was estimated to be 32.4% globally (95% CI: 29.9–34.0%), prevalence has grown 
considerably over time, from 25.5% (20.1–31.0) before 2005 to 37.8% (32.4–43.3) 
after 2016 [1], becoming a significant cause of hepatocellular carcinoma (HCC) in 
the United States and the second cause of liver transplantation, respectively [2].

Nonalcoholic steatohepatitis (NASH) is the driver of disease progression among 
the NAFLD severity characteristics, while liver fibrosis is the connection between 
liver damage and cirrhosis and associated consequences. Multiple meta-analyses 
have conclusively revealed a substantial dose-response connection between the 
stage of histologic fibrosis and liver-related morbidity and death [3]. In addition, a 
recent prospective research revealed that the overall mortality rate of NAFLD 
patients rose with increasing fibrosis stage [4]. Although liver biopsy (LB) is the 
sole acknowledged approach for diagnosing NASH and the gold standard for evalu-
ating fibrosis, it is an intrusive operation that cannot be used on a large scale [5]. 
Additionally, it is unsuitable as a monitoring test. In addition to being a substandard 
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reference standard, LB exhibits substantial sample bias and intra- and interobserver 
variability.

Therefore, noninvasive diagnostics for hepatic steatosis, steatohepatitis, and 
fibrosis have been a subject of intense study. For clinical usage, several noninvasive 
diagnostics have been developed in recent years. In deciding which tests to utilize 
in different clinical circumstances, doctors may encounter ambiguity. It is necessary 
to create and verify a consensus scoring system for clinical use [6]. Noninvasive 
tests are preferred for early detection due to the enormous number of NAFLD 
patients and the fact that only a small proportion of people experience liver-related 
illness and death. Among the several noninvasive procedures, hepatologists in 
Europe, the United States, and Asia frequently use vibration-controlled transient 
elastography (VCTE) (FibroScan®, Echosens, Paris, France) [7]. The machine was 
certified by the Food and Drug Administration of the United States in 2013 and has 
since been swiftly implemented in several countries. Various probe sizes (S, M, and 
XL) are available on the most recent versions of TE to accommodate individuals of 
various sizes.

10.2	� Vibration-Controlled Transient Elastography (VCTE) 
and Controlled Attenuation Parameter (CAP)

10.2.1	� CAP: Mechanism

The most recent model of TE concurrently with CAP assesses liver stiffness and 
severity of hepatic steatosis [8]. Ultrasound energy dissipates more rapidly in a liver 
with steatosis. On abdominal ultrasonography, fatty liver is characterized by a bright 
liver echotexture, profound signal attenuation, and vascular blunting [7]. The latter 
two characteristics are a result of the quicker attenuation of ultrasonic wave ampli-
tude in a liver with steatosis. CAP makes use of this physical attribute to calculate 
the ultrasonic attenuation at the central frequency of TE, assuming a uniform fat 
distribution and appropriate penetration in order to determine the severity of hepatic 
steatosis [9].

10.2.2	� CAP: Performance

Although abdominal ultrasound is frequently the initial diagnostic procedure for 
NAFLD, it is operator dependent and insensitive to mild hepatic steatosis [8]. 
Typically, more than 30% of hepatocytes must be affected by hepatic steatosis for 
ultrasonography to accurately detect fatty liver [10]. Table 10.1 provides a summary 
of studies comparing the performance of CAP and liver histology in detecting vari-
ous stages of steatosis [9–22]. Overall, the areas under receiver-operating character-
istics (AUROCs) curves for S1 (steatosis ≥5–10% of hepatocytes), S2 (33%), and 
S3 (66%) steatosis are 81–84%, 85–88%, and 86–91%, respectively. The observed 
sensitivities (Ss) for S1, S2, and S3 are, correspondingly, 60–75%, 69–84%, and 
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Table 10.1  Performance of controlled attenuation parameter in studies using histology as 
reference

Study (year)

Number of patients 
included in studies 
according to 
etiologies

Histological 
percentage of 
fat hepatocytes

Cutoff 
(dB/m)

Sn 
(%)

Sp 
(%)

PPV 
(%)

NPV 
(%)

Sasso et al. 
[10] (2012)

CHC: 615 S1–S3 (S1 
11–33% 
steatosis)
S2–S3
S3

222
233
290

43
26
78

93
99
93

71
77
15

79
90
100

de 
Lédinghen 
et al. [11]
(2012)

ALD: 6
NAFLD: 28
CHC: 40
Other etiologies: 38

S1–S3 (S1 
11–33% 
steatosis)
S2–S3
S3

263
311
318

71
57
87

93
94
91

81
81
65

74
83
97

Myers et al. 
[9] (2012)

Viral hepatitis: 67
NAFLD: 72
Other etiologies: 14

S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

289
288
283

68
85
94

88
62
47

94
55
17

49
88
98

Chan et al. 
[12] (2014)

CHB: 133
NAFLD: 93
Other etiologies: 12

S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

263
281
283

92
89
93

94
74
54

96
70
16

88
91
99

Shen et al. 
[13] (2014)

CHB: 100
NAFLD: 52

S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

253
285
310

89
93
92

83
83
79

88
70
29

84
97
99

Chon et al. 
[14] (2014)

NAFLD: 56
CHB: 47
CHC: 12
Other etiologies: 20

S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

250
299
327

73
82
78

95
86
84

97
67
26

62
94
98

Mi et al. 
[15] (2015)

CHB: 340 S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

224
236
285

76
92
1

75
70
93

68
21
23

80
99
1

Imajo et al. 
[16] (2016)

NAFLD: 127 S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

236
270
302

82
78
64

91
81
74

99
73
76

67
76
94

(continued)
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Table 10.1  (continued)

Study (year)

Number of patients 
included in studies 
according to 
etiologies

Histological 
percentage of 
fat hepatocytes

Cutoff 
(dB/m)

Sn 
(%)

Sp 
(%)

PPV 
(%)

NPV 
(%)

de 
Lédinghen 
et al. [17]
(2016)

NAFLD: 261 S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

–
310
311

–
79
87

–
71
47

–
86
43

–
59
88

Park et al. 
[18] (2017)

NAFLD: 104 S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

261
305
312

72
63
64

86
69
70

98
56
26

23
75
92

Chan et al. 
[19] (2018)

NAFLD: 156
CHB: 7
CHC: 3
Other etiologies: 14

S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

253
294
294

93
85
88

71
59
36

97
77
24

50
70
93

Garg et al. 
[20] (2018)

NAFLD: 124 S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

323
336
357

59
74
100

83
76
78

97
57
20

15
87
1

Siddiqui 
et al. [21] 
(2019)

NAFLD: 393 S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

285
311
306

80
77
80

77
57
40

99
70
32

16
66
85

Eddowes 
et al. [22] 
(2019)

NAFLD: 415 S1–S3 (S1 
5–33% 
steatosis)
S2–S3
S3

302
331
337

80
70
72

83
76
63

97
84
52

37
58
80

Steatosis was graded according to the percentage of hepatocytes containing fat: S0 5% or 10%, S1: 
5–33% or 11–33%, S2: 34–66%, S3 67%; Sn Sensitivity, Sp Specificity, PPV Positive predictive 
value, NPV Negative predictive value, CHC Chronic hepatitis C, ALD Alcoholic liver disease, 
NAFLD Nonalcoholic fatty liver disease

77–96%. The associated specificities (Sp) are between 76 and 90%, 75 and 88%, 
and 72 and 82%. A meta-analysis with 19 trials including 2735 patients reveals 
comparable results, with pooled Ss and Sp of 69% and 82% for S1, 77% and 81% 
for S2, and 88% and 77% for S3. CAP’s ideal cutoffs for S1 and S2 are 248 dB/m 
and 280 dB/m, respectively [23]. It should be emphasized that in certain studies, 
liver steatosis-free controls consisted of individuals with various liver disorders. 
Due to the fact that these individuals received LB for various reasons, they do not 
reflect a healthy population. This may have had an impact on the determination of 
appropriate cutoffs and the evaluation of test performance. Moreover, patient 
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composition affects the test assessment. In Europe and North America, research 
based on more obese NAFLD cohorts often suggests higher cutoff values for each 
steatosis degree [21, 22].

The CAP threshold is also a topic of dispute. In the two meta-analyses, the best 
cutoffs for detecting fatty liver using the M and XL probes were 248 dB/m and 
297  dB/m, respectively [23, 24]. Two recent prospective investigations reported 
detection thresholds of 244 and 295 dB/m for S1 steatosis, respectively [25, 26]. 
However, investigations conducted in the United States have consistently shown 
appropriate cutoffs of roughly 300 dB/m [27]. It is uncertain if the greater BMI in 
American cohorts caused the disparity. Patients with an interquartile range of CAP 
of >40 dB/m were more likely to have erroneous results, according to a multicenter 
international investigation, although these findings require independent validation 
[28]. The most recent version of VCTE supports the SmartExam and continuous 
CAP assessment. In the original model, CAP measurements are obtained and the 
median value is used to reflect the degree of steatosis. The new continuous CAP 
enables continuous CAP measurements during the whole examination and takes 
around 200 CAP readings in the same amount of time. According to preliminary 
statistics, continuous CAP offers less measurement variability than the traditional 
approach [29].

10.2.3	� CAP: Clinical Use

Although MRI-PDFF offers higher performance to CAP, its cost and availability 
restrict its use. When 30% of hepatocytes are lipidic inclusions, abdominal ultra-
sound may be mistakenly negative in clinical settings [30]. CAP has a high connec-
tion with metabolic syndrome, body mass index (BMI), and chronic hepatitis C 
(CHC), according to studies [10, 23]. Therefore, CAP is an essential and noninva-
sive approach for screening for fatty liver in the general population or high-risk 
population, such as individuals with type 2 diabetes (T2DM), obesity, and other 
chronic liver disorders (Fig. 10.1).

10.2.4	� VCTE: Liver Stiffness Measurement (LSM)—Mechanism

During LSM via TE, the transducer transmits vibrations of moderate amplitude and 
low frequency (50 Hz), creating an elastic shear wave that propagates through the 
underlying tissues [31]. Pulse-echo ultrasonic acquisition is utilized to determine 
the velocity of the shear wave, which is directly proportional to tissue stiffness: the 
stiffer the tissue is, the quicker the shear wave propagates, and lower LSM levels 
suggest a more elastic liver [8] (Fig. 10.2). LSM values vary from 1.5 to 75 kPa 
[32]. TE assesses liver stiffness in a volume of at least 100 times larger than a biopsy 
sample and is thus considerably more representative and accurate compared to 
LB [33].
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Fig. 10.1  Clinical applications of vibration-controlled transient elastography and controlled 
attenuation parameter

a b c

Fig. 10.2  Elastic wave propagation in hepatic parenchyma with different fibrosis degrees and 
steatosis stages: (a) S0/F0, (b) S2/F2, (c) S3/F4. The blue slope dotted arrow line represents the 
propagation of velocity of the wave pattern that increases from an oblique to vertical line as a func-
tion of fibrosis degree

10.2.5	� VCTE: Performance

TE is noninvasive, quick, and simple to conduct in the hospital or clinic. It permits 
noninvasive and fast assessment of hepatic fibrosis in patients with chronic liver 
disorders such as CHC, chronic hepatitis B (CHB), and NAFLD [34–36]. Studies 
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comparing the performance of LSM and LB in NAFLD patients are included in 
Table 10.2 [16, 18, 20–22, 38–42]. Overall, the AUROCs of LSM were 0.82, 0.85, 
0.94, and 0.96 for stages F1, F2, F3, and F4, respectively. The LSM cutoff values for 
F2–4 fibrosis vary between 6.2 and 11 kPa, with 62–90% Ss and 74–100% Sp. For 

Table 10.2  Performance of liver stiffness measurement in NAFLD studies using histology as 
reference

Study (year)
Number of 
patients

VCTE 
probe

Liver 
fibrosis 
histology

Cutoff 
(kPa)

Sn 
(%)

Sp 
(%)

PPV 
(%)

NPV 
(%)

Yoneda et al. 
[37] (2007)

67 M F1–F4
F2–F4
F3–F4
F4

5.6
6.7
8.0
17.0

83
82
88
100

81
91
84
98

94
90
64
83

59
84
96
100

Yoneda et al. 
[36] (2008)

97 M F1–F4
F2–F4
F3–F4
F4

5.9
6.7
9.8
17.5

86
88
85
100

89
74
81
97

97
79
64
75

59
85
83
100

Wong et al. 
[38] (2010)

246 M F2–F4
F3–F4
F4

7.0
8.7
10.3

79
84
92

76
83
88

70
60
46

84
95
99

Gaia et al. 
[39] (2011)

72 M F1–F4
F2–F4
F3–F4

5.5
7.0
8.0

84
76
65

57
80
80

80
75
48

62
78
86

Wong et al. 
[40] (2012)

193 M F2–F4
F3–F4
F4

5.8
7.9
103

94
88
81

42
68
83

54
51
35

90
94
98

XL F2–F4
F3–F4
F4

4.8
5.7
7.2

92
91
92

37
54
70

54
45
31

84
93
98

Kumar et al. 
[41] (2013)

120 M F1–F4
F2–F4
F3–F4
F4

6.1
7.0
9.0
11.8

78
77
85
90

68
78
88
88

87
75
68
41

53
81
95
98

Imajo et al. 
[16] (2016)

142 M F1–F4
F2–F4
F3–F4
F4

7.0
11.0
11.4
14.0

62
65
86
100

100
89
84
76

100
88
75
73

87
66
92
100

Lee et al. 
[42] (2016)

183 M F1–F4
F2–F4
F3–F4
F4

6.7
8.0
9.0
11.0

66
83
96
100

85
85
86
90

88
64
55
45

63
94
99
100

Park et al. 
[18] (2017)

104 M F1–F4
F2–F4
F3–F4
F4

6.1
6.9
7.3
6.9

67
79
78
63

65
85
78
66

69
70
45
15

62
90
94
95

Garg et al. 
[20] (2018)

124 XL F1–F4
F2–F4
F3–F4

6.0
7.3
12.5

80
70
64

56
59
88

87
53
47

43
76
93

(continued)
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Table 10.2  (continued)

Study (year)
Number of 
patients

VCTE 
probe

Liver 
fibrosis 
histology

Cutoff 
(kPa)

Sn 
(%)

Sp 
(%)

PPV 
(%)

NPV 
(%)

Siddiqui 
et al. [21] 
(2019)

393 M F1–F4
F2–F4
F3–F4
F4

8.6
8.6
8.6
13.1

53
66
80
89

87
80
74
86

93
78
59
39

37
70
89
99

Eddowes 
et al. [22] 
(2019)

415 M + XL F2–F4
F3–F4
F4

8.2
9.7
13.6

71
71
85

70
75
79

78
63
29

61
81
98

NAFLD Nonalcoholic fatty liver disease, Sn Sensitivity, Sp Specificity, PPV Positive predictive 
value, NPV Negative predictive value

F3–4 fibrosis, the LSM cutoff values range between 8 and 12 kPa, with an Ss of 
84–100% and an Sp of 83–97%. The LSM cutoff values for F4 vary from 9.5 to 
20 kPa, with 90–100% Ss and 74.9–98.4% Sp. The appropriate threshold differs 
between studies because it is a compromise between Ss and Sp, and it may be 
affected by the underlying liver diseases. Magnetic resonance elastography (MRE) 
is an MRI-based technique for measuring tissue stiffness quantitatively. Multiple 
studies have demonstrated that MRE is an effective approach for the early detection 
of liver fibrosis in NAFLD patients. Imajo et  al. compared TE and MRE in 142 
Japanese patients with biopsy-proven NAFLD in a cross-sectional investigation 
[16]. Using MRE and TE, the AUROC curves for diagnosing liver fibrosis stages 1, 
2, 3, and 4 were 0.80 vs. 0.78, 0.89 vs. 0.82, 0.89 vs. 0.88, and 0.97 vs. 0.92, respec-
tively. The observed Ss for F1–4, F2–4, F3–4, and F4 fibrosis were 75% compared 
to 61.7%, 87.3% compared to 65.2%, 74.5% compared to 85.7%, and 90.9% com-
pared to 100%, respectively. The comparable Sp were 85.7% vs. 100%, 85% versus 
88.7%, 86.9% versus 83.8%, and 94.5% versus 75.9%. The findings were supported 
by a second American research that compared the two procedures head-to-head 
[18]. The results show that MRE is more accurate than TE in assessing liver fibrosis, 
while the absolute difference is minimal. LSM by use of TE is remarkably repeat-
able. In the research by Fraquelli and colleagues, 800 TE exams were done on 200 
patients with chronic liver disorders, and the overall intraclass correlation coeffi-
cient (ICC) for interobserver agreement was 0.98 [43].

10.2.6	� VCTE: Predicting Liver-Related Complications

Not only does TE allow for early identification of patients with fibrosis and cirrho-
sis, but it also plays a crucial role in predicting complications of compensated 
advanced chronic liver disease (cACLD), such as gastroesophageal varices, HCC, 
and liver-related deaths. Hemorrhage from varices is a common and serious conse-
quence of cACLD. Current recommendations advocate screening for the existence 
of esophageal varices (EV) using esophagogastroduodenoscopy (EGD, the gold 
standard), although EGD is expensive and cumbersome. Numerous investigations 
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have demonstrated that TE may be useful for EV prediction. Patients with LSM 
20 kPa with a normal platelet count (≥150 × 109/L) are unlikely to have varices 
requiring therapy and may be avoided endoscopy, according to the Baveno VII 
agreement [44]. This concept is based on previous studies, such as Petta and col-
leagues established the relevance of probe-specific LSM and platelet count in a 
large multicenter cohort of patients with NASH-related cirrhosis. The study also 
recommends that the criteria might be loosened (LSM 30  kPa for M probe and 
25 kPa for XL probe; platelet count 110 × 109/L) to lower the number of patients 
undergoing endoscopy without compromising the false-negative rate. In addition to 
EV, HCC is one of the most significant consequences of liver fibrosis advancement. 
Based on the considerable link between the risk of HCC development and the degree 
of liver fibrosis, several studies have shown that TE can be used to evaluate the risk 
of HCC development. Singh et al. conducted a systematic review and meta-analysis 
that supports these findings [45]. In addition, recent research have demonstrated a 
correlation between LSM and survival rate. Pang and colleagues found that in 2052 
patients with chronic liver disease, LSM by TE accurately predicted the likelihood 
of mortality [46]. CAP did not appear to predict liver-related outcomes, however. 
This is consistent with LB studies indicating that steatosis is not as significant a 
prognostic indicator as other histological characteristics [47].

10.2.7	� VCTE: Clinical Applications

TE can evaluate the degree of liver fibrosis in NAFLD patients in both primary and 
secondary care settings. A recent meta-analysis of nine studies involving 1047 
NAFLD patients indicates that TE is excellent for diagnosing F3–4 (85% Ss, 82% 
Sp) and F4 fibrosis (92% Ss, 92% Sp) and has moderate accuracy for diagnosing 
F2–4 fibrosis (79% Ss, 75% Sp) [48]. Second, TE can aid in the selection of indi-
viduals for clinical trials or pharmaceutical therapy. Not only does TE have strong 
accuracy and high repeatability in the detection of liver fibrosis, but it is also nonin-
vasive, easy to learn, and well accepted by patients, which makes it frequently used 
in scientific study [49]. Thirdly, TE can be utilized to screen the general population 
of high-risk patients (e.g., T2DM and obesity) for liver fibrosis. Current practice 
grossly underestimates the influence of obesity, T2DM, and other metabolic risk 
factors on liver fibrosis. Both BMI >30 kg/m2 and T2DM were substantially linked 
with liver stiffness ≥8 kPa, as determined by TE in a population-based investigation 
of adults aged 45 and older [50]. In another research including 1918 individuals 
with T2DM, 72.8% had fatty liver and 17.7% had significant liver stiffness indica-
tive of advanced fibrosis, underscoring the necessity of case discovery or even 
screening in this group at high risk [51]. Varices, HCC, and liver-related mortality 
may be predicted with LSM in patients with cirrhosis caused by NASH. The Baveno 
VII criteria and their adaptations are excellent beginning points for patient selection 
for endoscopic screening. Some studies suggest that TE can be used to monitor 
fibrosis changes following therapy; however, this needs to be validated by addi-
tional research utilizing paired LB [52].
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10.2.8	� VCTE: M and XL Probes, Reliability Criteria, 
and Confounding Factors

The reduced success rate of TE examinations in obese people is one of its greatest 
obstacles. This is especially pertinent for NAFLD because of its tight relationship 
with obesity. To address this issue, the producer of TE has developed several probes 
to accommodate individuals of varying body types. The M probe is designed for 
average-sized adults, while the S probe is designed for children and adolescents and 
the XL probe is designed for obese population. Using a lower frequency than the M 
probe (2.5 MHz as opposed to 3.5 MHz), the XL probe assesses CAP and liver stiff-
ness at a larger depth (35–75 vs. 25–65 mm) [22, 53]. In the majority of instances, 
the XL probe enables accurate readings in obese subjects. Because ultrasound-
based TE evaluates Young’s modulus and is anticipated to be impacted by ultra-
sound frequency, prospective tests revealed that the XL probe will produce a lower 
liver stiffness result than the M probe when the evaluation is performed on the same 
patient [31]. Nonetheless, as a high BMI is also associated with increased liver stiff-
ness, the effects of obesity and XL probing on LSM tend to cancel out [40, 54]. 
When the M probe was used in patients with a body mass index <30 kg/m2 and the 
XL probe was used in patients with a BMI ≥30 kg/m2, the median liver stiffness 
values by both probes were nearly identical at each fibrosis stage, indicating that the 
same interpretation may be adopted when the appropriate probe is used for the 
appropriate patient [55]. The most recent model of TE has an automatic probe selec-
tion tool that suggests the M or XL probes based on the distance between the skin 
and liver capsule. Following the probe selection tool, it appears that no cutoff modi-
fications are necessary for the two probes [22].

After an overnight or at least 8-h fast, patients are evaluated in a supine position 
with the arm maximally abducted, focusing on the right hepatic lobe in one of the 
intercostal spaces (from 9th to 11th on the midaxillary line) (Fig. 10.3). During a 
typical TE study, ten measures are taken. The median values of CAP and liver stiff-
ness reflect the degree of hepatic steatosis and fibrosis, whereas the interquartile 
range (IQR) of the ten measures shows the variability of measurements. Highly 
varied measurements are indicative of a difficult examination, inadequate method-
ology, or diverse liver parenchymal disease. In accordance with the original manu-
facturer’s specifications, a reliable LSM is characterized by ten valid measurements, 
a success rate (number of valid acquisitions divided by the number of tries) of at 
least 60%, and an interquartile range-to-median ratio (IQR/M) of less than 0.30 [38, 
40]. However, further research has shown that success rate is not a reliable indicator 
of examination validity. In a study of 1165 French patients with chronic liver dis-
eases (798—chronic hepatitis C), Boursier et al. established new reliability criteria 
based on both the IQR/M and median values for liver stiffness. IQR/M >0.30 and 
liver stiffness ≥7.1 kPa (F2–3 fibrosis) and ≥12.5 kPa (F4 fibrosis essentially) con-
stitute unreliable LSM [56]. Given that LSM has a strong negative predictive value 
but a minor positive predictive value, it is acceptable to assume that a patient with a 
liver stiffness of 7.1 kPa or less does not have severe fibrosis, independent of the 
other quality markers. This method also has the benefit of decreasing the number of 
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Fig. 10.3  An illustration regarding the positioning of the patient and the probe during the VCTE 
examination

patients with unreliable exams. In a study of 754 individuals with chronic liver dis-
ease and liver histology (349 of whom had NAFLD), our team found that an abso-
lute CAP IQR of >40  dB/m with M probe measurement was linked with a less 
accurate diagnosis of hepatic steatosis [57].

Hepatic congestion, biliary blockage, amyloidosis, and benign and malignant 
liver lesions are well-studied confounding variables for LSM that contribute to a 
false-positive diagnosis of advanced fibrosis. Moreover, after a meal, the liver stiff-
ness rises by 1–5 kPa, likely due to increased portal blood flow [58]. The rigidity of 
the liver normally reaches its peak between 20 and 40 min, although it may rise by 
180 min. Acute viral hepatitis and acute aggravation of chronic viral hepatitis both 
significantly increase liver stiffness [59]. In fact, people with CHB with blood ala-
nine aminotransferase (ALT) elevations between one and five times the usual upper 
limit had a stiffer liver than those with normal ALT levels [35]. However, it does not 
appear that ALT increase affects LSM in NAFLD patients. Two factors may explain 
this distinction. First, NASH is a condition that is not often characterized by abrupt 
exacerbations. In general, NASH is associated with a lesser degree of hepatic necro-
inflammation than viral or autoimmune hepatitis. Second, the correlation between 
the ALT level and histological necroinflammation in NAFLD patients is low [60].
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A contentious issue is whether or not severe hepatic steatosis impacts liver stiff-
ness. An Italian research found that significant steatosis enhanced the likelihood of 
a false-positive diagnosis of advanced fibrosis by LSM with the M probe in indi-
viduals with NAFLD [61]. The same holds true for patients with elevated CAP 
readings [62]. It is unclear, however, if the impact is a direct result of hepatic steato-
sis. Other studies have also demonstrated that an extremely high BMI is connected 
with a stiffer liver. Recent tests using both the M and XL probes on 496 individuals 
with biopsy-confirmed NAFLD showed that severe steatosis did not impair LSM as 
measured by the XL probe [55]. Due to the fact that the aforementioned parameters 
describe physical features of the liver parenchyma, it is anticipated that they will 
influence other types of LSMs in a similar manner, such as point-shear wave elas-
tography, 2D-shear wave elastography, and magnetic resonance elastography. In 
contrast, CAP confounding variables have not been investigated as thoroughly.

10.3	� Conclusions

The invention of TE has made it possible to measure hepatic steatosis and fibrosis 
simultaneously and with reasonable accuracy. Thus, the approach is suitable as a 
diagnostic and evaluation tool for NAFLD patients at the point of care. Multiple 
areas and patient groups have validated CAP and LSM with consistent findings. 
LSM not only represents the severity of liver fibrosis, but also predicts portal hyper-
tension, varices that require therapy, cirrhotic development, and HCC. Obesity used 
to be a typical cause of measurement failure; however, when the XL probe is used 
in obese NAFLD patients, it is feasible to acquire correct measurements in the 
majority of cases. Importantly, the automated probe selection tool enables operators 
to use the same liver stiffness cutoffs when the M and XL probes are utilized on the 
appropriate patients. However, whether the same applies to CAP interpretation mer-
its more research. Despite the fact that two research imply that the IQR also repre-
sents the dependability of CAP, findings are inconsistent and require additional 
clarity. As pharmaceutical therapy for NASH is anticipated to become accessible in 
the near future, it is crucial to evaluate the use of noninvasive diagnostics in various 
clinical contexts. Several prospective studies have demonstrated the use of basic 
fibrosis scores, fibrosis biomarkers, and TE for detecting severe liver disorders in 
primary care settings and certain patient groups. A step-by-step strategy employing 
basic fibrosis scores followed by fibrosis biomarkers or LSM will likely be the best 
course of action but must be tailored to the local context.
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11The Value of Serologic Markers/Scores 
in the Assessment of Nonalcoholic Fatty 
Liver Disease

Carmen Preda, Mircea Manuc, and Mircea Diculescu

11.1	� Introduction

Nonalcoholic fatty liver disease (NAFLD) comprises a spectrum of clinical-
pathological conditions characterized histologically by hepatic steatosis, predomi-
nantly macrovesicular, which occurs in the absence of significant alcohol 
consumption and other etiologies of liver disease [1].

The histological spectrum of the disease can vary from simple steatosis (hepatic 
accumulation of triglycerides in a proportion of 5–10% of the liver weight: NAFL) 
to steatohepatitis (NASH: characterized by hepatic steatosis, lobular inflammation, 
ballooning hepatocytic degeneration, Mallory bodies, with or without fibrosis), up 
to liver cirrhosis (CH) [1, 2].

Based on the current knowledge, an attempt has been made to identify noninva-
sive serological markers that can differentiate hepatic steatosis from NASH, assess 
the extent of fibrosis, and monitor or predict the response after therapeutic 
interventions.

11.2	� Serum-Based Steatosis Markers

Gholam shows that liver injury tests (aminotransferases), hyperglycemia, and mark-
ers of insulin resistance (insulinemia, HOMA-IR) can be predictors for the presence 
of NASH and fibrosis in patients with morbid obesity [3]. Different studies carried 
out so far have shown that the routine biochemical tests (considered as markers of 
liver damage) ALT, AST, and ALP correlate with the severity of liver damage [4].

C. Preda · M. Manuc · M. Diculescu (*) 
Gastroenterology and Hepatology Department, Carol Davila University of Medicine and 
Pharmacy, Clinic Fundeni Institute, Bucharest, Romania

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
A. Trifan et al. (eds.), Essentials of Non-Alcoholic Fatty Liver Disease, 
https://doi.org/10.1007/978-3-031-33548-8_11

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-33548-8_11&domain=pdf
https://doi.org/10.1007/978-3-031-33548-8_11


124

Depending on the cutoff value of normal established by the laboratory, more 
than half of the patients with NAFLD present laboratory liver tests within normal 
limits; an AST/ALT ratio >1 suggests advanced fibrosis or cirrhosis. AST/ALT 
>2 indicates ethanol etiology, while ALT > AST indicates the presence of 
NASH [5, 6].

Alanine aminotransferase is by far the single most important serologic marker in 
the context of nonalcoholic fatty liver disease; however, recent studies have showed 
that ALT can be in reference limits, depending on the laboratory performing the test, 
in 50–79% of patients already diagnosed with nonalcoholic fatty liver disease [7], 
so this serum marker needs to be supplemented with others.

Since liver biopsy is an invasive method, not without risks, expensive, and with 
a lack of accuracy due to the inhomogeneity of the distribution of liver lesions, a 
series of noninvasive biochemical tests have been introduced in practice that can 
differentiate steatosis from NASH and liver fibrosis.

Several other markers and scores for the diagnosis of liver steatosis that have 
been described are the fatty liver index (FLI), hepatic steatosis index (HSI), 
NAFLD liver fat score (NAFLD-LFS), SteatoTest, visceral adiposity index (VAI), 
triglyceride × glucose (TyG) index, and lipid accumulation product (LAP) 
(Table 11.1).

When analyzing Table 11.1, we can see the two noninvasive tests that stand out, 
being the visceral adiposity index and the triglyceride/glucose index, both showing 
an area under the receiver characteristic of 0.92 and 0.90, respectively.

Serum biomarkers are especially useful when describing large epidemiologi-
cal studies, as the European recommendation has supported [9]. One of the most 
recognized serum biomarkers used in diagnosing nonalcoholic fatty liver disease 
is the fatty liver index (FLI), also seen in Table 11.1. Bedogni et al. first proposed 
the fatty liver index in 2006, as an algorithm derived from the population of the 
Dionysos Nutrition and Liver Study [9]. The score that is derived to obtain FLI 
varies between 0 and 100. It includes body mass index, waist circumference, 
triglycerides, and GGT. A score of FLI less than 30 rules out nonalcoholic fatty 
liver disease, and a score of greater than or equal to 60 rules in NAFLD. Because 
this test includes multiple different markers and measurements, it has an accu-
racy of 0.84 with a 95% confidence interval [9] in detecting nonalcoholic fatty 
liver disease when compared to the gold standard. The fatty liver index has been 
proven in multiple studies, and a recent study of 2075 patients from the Regional 
Health Registry [9] demonstrated that the fatty liver index alone is shown to be 
linked to overall increased chance of cardiovascular and cancer-related 15-year 
mortality [9]. Furthermore, high fatty liver index scores have been shown to be 
associated with increased risk of type 2 DM, coronary events, and carotid athero-
sclerosis [15, 16].
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11.3	� Serum-Based Fibrosis Biomarkers

Serum noninvasive tests of liver fibrosis should accurately reflect the entire spec-
trum of liver fibrosis and must allow a fast and accessible screening, longitudinal 
tracking (reproducible), monitoring of the progression of the disease, evaluation of 
therapeutic effectiveness, and a prognostic evaluation.

The most widely used liver fibrosis biomarkers (APRI, FIB-4, and NAFLD fibro-
sis score) use routine hematological and biochemical tests and are indirect serum 
markers. These alterations do not necessarily reflect extracellular matrix turnover 
and/or fibrogenic cell changes.

Nonalcoholic fatty liver disease fibrosis score (NFS) is calculated as follows: 
−1.675 + 0.037 × age (years) + 0.094 × body mass index (kg/m2) + 1.13 × impaired 
fasting glycemia or diabetes (yes = 1, no = 0) + 0.99 × aspartate aminotransferase-
to-alanine aminotransferase ratio − 0·013 × platelet count (×109/L) − 0.66 × albu-
min concentration (g/dL) [17]. A score of >0.675 is suggestive of advanced fibrosis; 
on the contrary, patients with a low risk of having an advanced fibrosis have a score 
of less than −1.455. However, a recent meta-analysis reported indeterminate values 
in 20–58% of patients [18], and thus, NFS was not able to confirm or exclude 
advanced fibrosis.

The fibrosis-4 (FIB-4) index for liver fibrosis is calculated using the following 
formula [17]:

	

Age years aspartateaminotransferaseconcentration IU L

Pla

( )× ( )/

ttelet count L alanineaminotransferaseconcentration IU×( )×109 / //
.

L[ ]( ) 	

The study that validated the FIB-4 score enrolled 541 patients: at a cutoff of 2.67, 
the PPV was 80% and the NPV was 83%, and if a cutoff of 1.3 was used, the PPV 
decreased to 43% but the NPV increased to 90% [19].

Fib-4 and NFS have been developed in cohorts of patients 40–50 years old. Their 
sensibility is low in patients younger than 35 years, and, therefore, they should not 
be used in this category of patients. In subjects more than 65 years of age, both 
FIB-4 and NFS could provide an increased rate of false-positive results; that is why 
some authors suggest different cutoff values in this age category [7].

APRI score or the AST/platelet ratio is calculated after the formula (AST (U/L)/
(AST upper limit of normal))/(platelet count(× 109/L) × 100).

APRI was developed to predict fibrosis progression in hepatitis C, but recently, it 
was validated also for NAFLD patients. For a cutoff of 0.5, APRI has a sensitivity 
of 85% and a specificity of 71% to predict mild fibrosis (F0/F1).

The more refined markers (so-called direct serum markers) detect extracellular 
matrix turnover and/or fibrogenic cell changes. The enhanced liver fibrosis (ELF) 
test is a commercial panel of biomarkers of extracellular matrix deposits, which are 
characteristic in fibrotic liver, such as matrix metalloproteinase 1 (TIMP 1), HA, 
and PIIINP. The predictive values of ELF test were found inferior to NAFLD fibro-
sis score, but if we combine the two tests, we could improve the accuracy for 
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moderate and severe fibrosis, with an AUC 0.90 vs. 0.86 and AUC 0.98 vs. 0.89, for 
the combination ELF-NAFLD fibrosis score vs. the ELF test, respectively [20].

ELF has this complicated formula: 2.2781 + 0.851 × ln [HA] (μg/L) + 10.751 × ln 
[P3NP] (μg/L) + 10.934 × ln [TIMP 1] (μg/L).

Table 11.2 describes these noninvasive fibrosis scores and their studies.
Poynard has validated a combination of 12 clinical and biochemical markers 

(FibroMax Test), which is a combination of five commercial different noninvasive 
tests: FibroTest, ActiTest, SteatoTest, NashTest, and AshTest [9].

FibroTest measures the degree of liver fibrosis (using the following parameters: 
haptoglobin, α2-macroglobulin, apolipoprotein A1, GGT, bilirubin, age, gender); 
ActiTest determines the degree of necro-inflammatory activity in patients with 
chronic viral hepatitis B or C; NashTest evaluates the presence of nonalcoholic ste-
atohepatitis in obese patients, with dyslipidemia, insulin resistance, or diabetes; 
SteatoTest assesses the degree of steatosis liver; and AshTest measures the degree of 
liver damage in alcoholic patients [23].

BioPredictive tests use a combination of specific serum biomarkers to which the 
patient’s sex, age, weight, and height are added, with all these parameters being 
entered into a patented calculation algorithm specific to each test.

Precautions in the interpretation of the result
•	 Acute hemolysis (malaria; drugs such as ribavirin and azathioprine)
•	 Acute viral or autoimmune hepatitis
•	 Acute inflammations due to bacterial or viral infections (bronchopulmonary or 

urinary tract infections)
•	 Extrahepatic cholestasis
•	 Chronic hemolysis, especially in patients with heart valve prostheses
•	 Gilbert syndrome
•	 HIV treatment with protease inhibitors (indinavir, atazanavir, ritonavir)

Table 11.2  Serum-based biomarkers of liver fibrosis in NAFLD (after [7])

Test
Number of NAFLD 
patients AUROC/Sn/Sp/NPV/PPV

APRI [19] 145 0.67/27/89/84/37
FIB-4 [21] 1038 0.80/52/90/−/−
NFS [21] 1038 0.88/82/77/93/56
BARD [21] 1038 0.76/74/66/−/−
ELF [20] 192 0.90/80/90/94/71
FibroMeter [22] 383 0.89a/81a/84a/77a/86a

FibroTest [23] 267 0.81/92/71/98/33

APRI AST-to-platelet ratio index, AUROC area under the receiver operating characteristic, ELF 
enhanced liver fibrosis, FIB-4 fibrosis-4 score, NFS nonalcoholic fatty liver disease fibrosis score, 
NPV negative predictive value, PPV positive predictive value
aValues are for prediction of significant fibrosis
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The FibroMax test has a predictive value and a better benefit/risk ratio compared 
to liver biopsy in assessing liver fibrosis (FibroTest), steatosis (SteatoTest), and 
diagnosis of steatohepatitis (NashTest) in patients with nonalcoholic fatty liver dis-
ease [24].

Putting two serologic based scores together, the nonalcoholic fatty liver disease 
fibrosis score and the fibrosis-4 (FIB-4) index, one can determine a theoretical 
“diagnostic and referral pathway” for nonalcoholic fatty liver disease [25]. This 
pathway is important for clinicians to have in mind when suspecting a patient of 
having NAFLD and highlights the importance of noninvasive serological tests in the 
process of diagnosing NAFLD and staging the degree of fibrosis in these patients 
(see Fig. 11.1). Because of the high prevalence of nonalcoholic fatty liver disease, it 
is important for primary care physicians to have the ability to go through the diag-
nostic protocol when working up this disease process, as well as staging the degree 
of fibrosis in order to reduce overall healthcare costs. Figure 11.1 is an easy method 

Fig. 11.1  Proposed diagnostic and referral pathway for nonalcoholic fatty liver disease in primary 
care (table retrieved from [25])
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to follow in order to do just that, while using simple and noninvasive serologic 
markers and scores.

11.4	� Serum Biomarkers in the Diagnosis of NASH

Unfortunately, we cannot rely on the elevated level of aminotransferases to diag-
nose NASH, because they present a low AUC (0.6–0.7) [17].

The risk of NASH and fibrosis is increased in patients who associate nonalco-
holic fatty liver disease and metabolic syndrome.

Certain markers of inflammation (secreted by the inflammatory cells that infil-
trate the adipose and liver tissue), such as elevated levels of ferritin and high sensi-
tive CRP, correlate with the presence of NASH [26].

Due to the complexity of the pathogenesis of NASH, it has been demonstrated 
that adipocytokines (adiponectin, leptin, ghrelin, resistin), cytokines secreted from 
the adipose tissue, play an important role in the occurrence of NASH [26]. NASH 
patients have lower adiponectin compared with NAFL patients, while adiponectin 
levels have similar values in NAFL and normal individuals, according to a recent 
meta-analysis of 27 studies [27]. Leptin has been associated with NAFL, while 
higher levels may predict more advanced disease [28].

Cytokeratin 18 is a well-studied serum marker of apoptosis and hepatic necrosis, 
because it is a marker of hepatocyte caspase-3 activation in the apoptosis pathway. 
Unfortunately, the clinical utility of cytokeratin 18  in the diagnosis of NASH is 
limited by the low sensitivity (66–75%), despite the high specificity (82–77%), low 
accessibility, low reproducibility, and lack of a clear cutoff limit [29].

CK-18 was included in more complex clinical scores: for example, the NICE 
model, which combined CK-18, ALT, and metabolic syndrome, was able to predict 
NASH severity with an AUC of 0.83, sensitivity of 84%, and specificity of 86% 
[30]. Another example is NAFLD diagnostic panel, which used an undisclosed for-
mula of CK-18 fragments, adiponectin, resistin, T2D, triglycerides, and gender [31].

The NashTest combines the following parameters: age, gender, and BMI; amino-
transferases and lipids; as well as alpha-2 macroglobulin, ApoA1, and haptoglobin. 
It has low sensitivity 33%, but it can exclude NASH with a specificity of 94% and a 
negative predictive value (NPV) of 81% [32].

The OXNASH score incorporates AST, age, BMI, and a ratio of 
13-hydroxyoctadecadienoic acid (13-HODE) to linoleic acid (LA), and it correlates 
with histologic features of NASH and provides AUC 0.73 [95% CI (0.637, 0.823)] for 
inflammation, 0.72 [95% CI (0.630, 0.816)] for ballooning, 0.705 [95% CI (0.570, 
0.840)] for steatosis, and 0.673 [95% CI (0.577, 0.770)] for fibrosis [33, 81, 82].

In conclusion, even with the aid of biomarkers, the distinction between simple 
steatosis and nonalcoholic steatohepatitis remains a difficult task in clinical prac-
tice. Serum biomarkers are not yet fully validated to perform this. Fatty liver index 
(FLI) is a useful marker to screen for NAFLD in general population, and we can use 
NAFLD-Fib score and Fib-4 and transient elastography to predict advanced fibrosis 
and to select patients for whom liver biopsy is necessary.

11  The Value of Serologic Markers/Scores in the Assessment of Nonalcoholic Fatty…



130

References

1.	Diculescu M, Preda CM. Boala ficatului gras non-alcoolic. In: Gastroenterologie. Manual pen-
tru studenti. Bucuresti: Editura UMF Carol Davila; 2016.

2.	Preda CM, Diculescu M. Gastroenterologie si stil de viata. Boala ficatului gras non-alcoolic. 
In: Medicina stilului de viata. Bucuresti: Editura Medicala; 2020.

3.	Gholam PM, Flancbaum L, Machan JT, Charney DA, Kotler DP.  Nonalcoholic fatty liver 
disease in severely obese subjects. Am J Gastroenterol. 2007;102(2):399–408. https://doi.
org/10.1111/j.1572-0241.2006.01041.x.

4.	Younossi ZM, Jarrar M, Nugent C, Randhawa M, Afendy M, Stepanova M, Rafiq N, Goodman 
Z, Chandhoke V, Baranova A. A novel diagnostic biomarker panel for obesity-related nonalco-
holic steatohepatitis (NASH). Obes Surg. 2008;18(11):1430–7.

5.	Araújo AR, Rosso N, Bedogni G, Tiribelli C, Bellentani S.  Global epidemiology of non-
alcoholic fatty liver disease/non-alcoholic steatohepatitis: what we need in the future. Liver 
Int. 2018;38(Suppl 1):47–51. https://doi.org/10.1111/liv.13643.

6.	Nascimbeni F, Loria P, Ratziu V. Non-alcoholic fatty liver disease: diagnosis and investigation. 
Dig Dis. 2014;32(5):586–96. https://doi.org/10.1159/000360510.

7.	Kechagias S, Ekstedt M, Simonsson C, Nasr P. Non-invasive diagnosis and staging of non-
alcoholic fatty liver disease. Hormones (Athens). 2022;21(3):349–68. https://doi.org/10.1007/
s42000-022-00377-8.

8.	Lee JH, Kim D, Kim HJ, Lee CH, Yang JI, Kim W, Kim YJ, Yoon JH, Cho SH, Sung MW, Lee 
HS. Hepatic steatosis index: a simple screening tool reflecting nonalcoholic fatty liver disease. 
Dig Liver Dis. 2010;42(7):503–8. https://doi.org/10.1016/j.dld.2009.08.002.

9.	Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, Castiglione A, Tiribelli C. The 
fatty liver index: a simple and accurate predictor of hepatic steatosis in the general population. 
BMC Gastroenterol. 2006;6:33. https://doi.org/10.1186/1471-230X-6-33.

10.	Kotronen A, Peltonen M, Hakkarainen A, Sevastianova K, Bergholm R, Johansson LM, 
Lundbom N, Rissanen A, Ridderstråle M, Groop L, Orho-Melander M, Yki-Järvinen 
H. Prediction of non-alcoholic fatty liver disease and liver fat using metabolic and genetic 
factors. Gastroenterology. 2009;137(3):865–72. https://doi.org/10.1053/j.gastro.2009.06.005.

11.	Munteanu M, Ratziu V, Morra R, Messous D, Imbert-Bismut F, Poynard T. Noninvasive bio-
markers for the screening of fibrosis, steatosis and steatohepatitis in patients with metabolic 
risk factors: FibroTest-FibroMax experience. J Gastrointestin Liver Dis. 2008;17(2):187–91.

12.	Bedogni G, Kahn HS, Bellentani S, Tiribelli C.  A simple index of lipid overaccumulation 
is a good marker of liver steatosis. BMC Gastroenterol. 2010;10:98. https://doi.org/10.1186/ 
1471-230X-10-98.

13.	Petta S, Amato M, Cabibi D, Cammà C, Di Marco V, Giordano C, Galluzzo A, Craxì 
A.  Visceral adiposity index is associated with histological findings and high viral load in 
patients with chronic hepatitis C due to genotype 1. Hepatology. 2010;52(5):1543–52.  
https://doi.org/10.1002/hep.23859.

14.	Guerrero-Romero F, Simental-Mendía LE, González-Ortiz M, Martínez-Abundis E, Ramos-
Zavala MG, Hernández-González SO, Jacques-Camarena O, Rodríguez-Morán M. The prod-
uct of triglycerides and glucose, a simple measure of insulin sensitivity. Comparison with the 
euglycemic–hyperinsulinemic clamp. J Clin Endocrinol Metab. 2010;95(7):3347–51. https://
doi.org/10.1210/jc.2010-0288.

15.	Abenavoli L. Non-alcoholic fatty liver disease and cardiovascular disease: a close relationship. 
J Gastrointest Liver Dis. 2021;30(2):183–4. https://doi.org/10.15403/jgld-3698.

16.	van Dijk AM, Schattenberg JM, Holleboom AG, Tushuizen ME. Referral care paths for non-
alcoholic fatty liver disease-gearing up for an ever more prevalent and severe liver disease. 
United Eur Gastroenterol J. 2021;9(8):903–9. https://doi.org/10.1002/ueg2.12150.

17.	Papatheodoridi M, Cholongitas E. Diagnosis of non-alcoholic fatty liver disease (NAFLD): 
current concepts. Curr Pharm Des. 2018;24(38):4574–86.

C. Preda et al.

https://doi.org/10.1111/j.1572-0241.2006.01041.x
https://doi.org/10.1111/j.1572-0241.2006.01041.x
https://doi.org/10.1111/liv.13643
https://doi.org/10.1159/000360510
https://doi.org/10.1007/s42000-022-00377-8
https://doi.org/10.1007/s42000-022-00377-8
https://doi.org/10.1016/j.dld.2009.08.002
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.1053/j.gastro.2009.06.005
https://doi.org/10.1186/1471-230X-10-98
https://doi.org/10.1186/1471-230X-10-98
https://doi.org/10.1002/hep.23859
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.15403/jgld-3698
https://doi.org/10.1002/ueg2.12150


131

18.	Musso G, Gambino R, Cassader M, Pagano G. Meta-analysis: natural history of non-alcoholic 
fatty liver disease (NAFLD) and diagnostic accuracy of non-invasive tests for liver disease 
severity. Ann Med. 2011;43(8):617–49.

19.	McPherson S, Stewart SF, Henderson E, Burt AD, Day CP. Simple non-invasive fibrosis scor-
ing systems can reliably exclude advanced fibrosis in patients with non-alcoholic fatty liver 
disease. Gut. 2010;59(9):1265–9.

20.	Guha IN, Parkes J, Roderick P, Chattopadhyay D, Cross R, Harris S, Kaye P, Burt AD, Ryder 
SD, Aithal GP, Day CP, Rosenberg WM.  Noninvasive markers of fibrosis in nonalcoholic 
fatty liver disease: validating the European liver fibrosis panel and exploring simple markers. 
Hepatology. 2008;47(2):455–60. https://doi.org/10.1002/hep.21984.

21.	Sun W, Cui H, Li N, Wei Y, Lai S, Yang Y, Yin X, Chen DF. Comparison of FIB-4 index, 
NAFLD fibrosis score and BARD score for prediction of advanced fibrosis in adult patients 
with non-alcoholic fatty liver disease: a meta-analysis study. Hepatol Res. 2016;46(9):862–70. 
https://doi.org/10.1111/hepr.12647.

22.	Calès P, Oberti F, Michalak S, Hubert-Fouchard I, Rousselet MC, Konaté A, Gallois Y, 
Ternisien C, Chevailler A, Lunel F. A novel panel of blood markers to assess the degree of 
liver fibrosis. Hepatology. 2005;42(6):1373–81. https://doi.org/10.1002/hep.20935.

23.	Ratziu V, Massard J, Charlotte F, Messous D, Imbert-Bismut F, Bonyhay L, Tahiri M, Munteanu 
M, Thabut D, Cadranel JF, Le Bail B, de Ledinghen V, Poynard T, LIDO Study Group; CYTOL 
study group. Diagnostic value of biochemical markers (FibroTest–FibroSURE) for the predic-
tion of liver fibrosis in patients with non-alcoholic fatty liver disease. BMC Gastroenterol. 
2006;6:6. https://doi.org/10.1186/1471-230X-6-6.

24.	Morra R, Munteanu M, Imbert-Bismut F, Messous D, Ratziu V, Poynard T.  FibroMAX: 
towards a new universal biomarker of liver disease? Expert Rev Mol Diagn. 2007;7(5):481–90. 
https://doi.org/10.1586/14737159.7.5.481.

25.	Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver disease. Lancet (London, England). 
2021;397(10290):2212–24.

26.	Sirbu A, Gologan S, Arbanas T, Copaescu C, Martin S, Albu A, Barbu C, Pirvulescu I, Fica 
S. Adiponectin, body mass index and hepatic steatosis are independently associated with IGF-I 
status in obese non-diabetic women. Growth Hormones IGF Res. 2013;23(1–2):2–7. https://
doi.org/10.1016/j.ghir.2012.10.001.

27.	Polyzos SA, Toulis KA, Goulis DG, Zavos C, Kountouras J.  Serum total adiponectin 
in nonalcoholic fatty liver disease: a systematic review and meta-analysis. Metabolism. 
2011;60(3):313–26.

28.	Polyzos SA, Aronis KN, Kountouras J, Raptis DD, Vasiloglou MF, Mantzoros CS. Circulating 
leptin in non-alcoholic fatty liver disease: a systematic review and meta-analysis. Diabetologia. 
2016;59(1):30–43.

29.	He L, Deng L, Zhang Q, Guo J, Zhou J, Song W, Yuan F. Diagnostic value of CK-18, FGF-21, 
and related biomarker panel in nonalcoholic fatty liver disease: a systematic review and meta-
analysis. Biomed Res Int. 2017;2017:9729107. https://doi.org/10.1155/2017/9729107.

30.	Anty R, Iannelli A, Patouraux S, Bonnafous S, Lavallard VJ, Senni-Buratti M, Amor IB, 
Staccini-Myx A, Saint-Paul MC, Berthier F, Huet PM, Le Marchand-Brustel Y, Gugenheim 
J, Gual P, Tran A. A new composite model including metabolic syndrome, alanine amino-
transferase and cytokeratin-18 for the diagnosis of non-alcoholic steatohepatitis in morbidly 
obese patients. Aliment Pharmacol Ther. 2010;32(11–12):1315–22. https://doi.org/10.1111/ 
j.1365-2036.2010.04480.x.

31.	Younossi ZM, Page S, Rafiq N, Birerdinc A, Stepanova M, Hossain N, Afendy A, Younoszai 
Z, Goodman Z, Baranova A.  A biomarker panel for non-alcoholic steatohepatitis (NASH) 
and NASH-related fibrosis. Obes Surg. 2011;21(4):431–9. https://doi.org/10.1007/
s11695-010-0204-1.

32.	Poynard T, Ratziu V, Charlotte F, Messous D, Munteanu M, Imbert-Bismut F, Massard 
J, Bonyhay L, Tahiri M, Thabut D, Cadranel JF, Le Bail B, de Ledinghen V, LIDO Study 
Group; CYTOL Study Group. Diagnostic value of biochemical markers (NashTest) for the 

11  The Value of Serologic Markers/Scores in the Assessment of Nonalcoholic Fatty…

https://doi.org/10.1002/hep.21984
https://doi.org/10.1111/hepr.12647
https://doi.org/10.1002/hep.20935
https://doi.org/10.1186/1471-230X-6-6
https://doi.org/10.1586/14737159.7.5.481
https://doi.org/10.1016/j.ghir.2012.10.001
https://doi.org/10.1016/j.ghir.2012.10.001
https://doi.org/10.1155/2017/9729107
https://doi.org/10.1111/j.1365-2036.2010.04480.x
https://doi.org/10.1111/j.1365-2036.2010.04480.x
https://doi.org/10.1007/s11695-010-0204-1
https://doi.org/10.1007/s11695-010-0204-1


132

prediction of non alcoholo steato hepatitis in patients with non-alcoholic fatty liver disease. 
BMC Gastroenterol. 2006;6:34. https://doi.org/10.1186/1471-230X-6-34.

33.	Alkhouri N, Berk M, Yerian L, Lopez R, Chung YM, Zhang R, McIntyre TM, Feldstein AE, 
Hazen SL. OxNASH score correlates with histologic features and severity of nonalcoholic fatty 
liver disease. Dig Dis Sci. 2014;59(7):1617–24. https://doi.org/10.1007/s10620-014-3031-8.

C. Preda et al.

https://doi.org/10.1186/1471-230X-6-34
https://doi.org/10.1007/s10620-014-3031-8


133

12Nonalcoholic Fatty Liver Disease Within 
Other Causes of Chronic Liver Diseases

Liana Gheorghe and Speranta Iacob

12.1	� Introduction

Nonalcoholic fatty liver disease (NAFLD) includes a spectrum of related liver dis-
orders [steatosis, nonalcoholic steatohepatitis (NASH), fibrosis, and cirrhosis] and 
represents the leading cause of chronic liver disease in Western regions [1]. NAFLD 
is a multisystem disease, which affects extrahepatic organs and regulatory pathways 
[2], with a significant impact on quality of life, morbidity, and overall mortality 
principally due to cardiovascular complications [3].

NAFLD is defined by the existence of hepatic steatosis (accumulation of triglyc-
erides in >5% of hepatocytes) in the absence of other recognized causes of fatty 
liver (e.g., alcohol, virus, drugs, autoimmunity). NAFLD is usually found in patients 
with comorbidities, such as metabolic syndrome, obesity, insulin resistance, type 2 
diabetes mellitus, and dyslipidemia [4, 5]. However, steatosis often occurs in asso-
ciation with other conditions such as alcohol abuse, HCV-infected patients, autoim-
mune hepatitis, celiac disease, Wilson disease, and drug- or toxin-induced hepatitis 
[1, 4, 6]. The hazard ratio for NAFLD liver-specific mortality is rather low [2, 6] 
because only a small number of patients with NAFLD progress to cirrhosis, but in 
the case of other diseases, coexistence, liver-related morbidity, and mortality can be 
increased because fibrosis stage is the most important prognostic factor. However, 
the great heterogeneity in the disease severity and outcome of NAFLD is multifac-
torial, including genetic and environmental factors.

Genome-wide association studies have contributed enormously to our under-
standing of the genetic contribution to NAFLD pathogenesis and variability of 
prognosis [7, 8].
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Among the loci identified, the non-synonymous single nucleotide polymorphism 
(SNP) in PNPLA3 (phospholipase domain-containing 3) (rs738409) and a non-
synonymous SNP in TM6SF2 (transmembrane 6 superfamily member 2) 
(rs58542926) have been associated with steatosis, grade of steatohepatitis, and 
stage of hepatic fibrosis/cirrhosis, as well as hepatocellular carcinoma (HCC).

PNPLA3 has hydrolytic activity towards triacylglycerols, diacylglycerol, and 
monoacylglycerol, and the I148M substitution determines a loss of function in the 
enzyme. This genetic variant is linked with higher liver lipid content, greater NASH 
activity, and enhanced risk of liver fibrosis and development of HCC [1].

A recent meta-analysis [9] pointed out that people with the CC genotype of 
PNPLA3 rs738409 had a 52% lower chance of developing NAFLD and those with 
the CG genotype had a 19% higher risk of NAFLD. People with the GG genotype 
were 105% more likely to evolve to NAFLD than others, while the population with 
CG  +  GG genotypes were 88% more likely to have NAFLD.  In addition, these 
genes were also identified in the pathogenesis and progression of alcoholic liver 
disease (ALD).

In a representative cohort of the US population [10], the weighted allele fre-
quency of the G (risk) allele of the rs738409 at PNPLA3 was 25.4%, and there was 
a significant interaction between the PNPLA3 gene G variant and alcohol consump-
tion on hepatic steatosis; a dose-response association between alcohol consumption 
and hepatic steatosis among those with the GG genotype was noticed and a potential 
beneficial effect of moderate drinking among those with CC genotype. In patients 
with excess daily alcohol intake, the risk for cirrhosis is elevated by two- to three-
fold in rs738409[G] carriers compared to those without this allele. In patients with 
NAFLD, GG homozygotes show a fivefold higher risk of HCC compared to CC 
homozygotes. An increased risk of HCC has also been observed in rs738409[G] 
carriers with alcohol-related cirrhosis [6, 11].

PNPLA3 genotype also impacts steatosis development and fibrosis progression 
in chronic hepatitis C and B [12, 13]. In addition, PNPLA3 SNP has been related to 
steatosis and fibrosis in patients with other chronic liver diseases such as Wilson 
disease [14], hereditary hemochromatosis [15], celiac disease [16], or autoimmune 
hepatitis (also linked with progression to liver transplantation or death) [17].

Lastly, the PNPLA3 (148M) variant may shortly become an important potential 
therapeutic target for chronic liver disease in the rs738409 allele carriers, as part of 
personalized medicine. For example, the PNPLA3 variant can be targeted at the 
RNA levels by small interfering RNA, small hairpin RNA, or antisense RNA oligo-
nucleotide [18].

In 2020, a Consensus Group [19] proposed to replace the term NAFLD with 
MAFLD (metabolic dysfunction-associated fatty liver disease) since it does not 
require the elimination of alcoholic liver disease or viral hepatitis. It is a more 
appropriate terminology for persons with fatty liver and dysmetabolism. The new 
MAFLD criteria focus on the role of dysmetabolism in fat quantity in the liver, 
which is the most frequent driver of fatty liver injury progression. MAFLD is deter-
mined in patients when they have the liver expression of metabolic syndrome, which 
is diagnosed when three or more of the following settings are found: high glucose, 
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hypertension, obesity, high triglyceride, and low high-density lipoprotein 
cholesterol.

In daily practice, we still use frequently only the term NAFLD, the hepatic mani-
festation of the metabolic syndrome, and we will refer in this chapter to the coexis-
tence of this liver manifestation in other chronic liver diseases. From a clinical 
perspective, the main concerns consist of the need for further clarification and strati-
fication of MAFLD to design decision-making and prognostic.

There is great heterogeneity in the disease severity and outcome of NAFLD/
MAFLD, and there is a bidirectional linkage between fatty liver disease and all 
other causes of chronic liver injury (alcohol, viral, genetic, or autoimmune diseases).

12.2	� Alcoholic Fatty Liver Disease (ALD) and NAFLD

Alcohol-related liver disease (ALD) and NAFLD are nowadays the leading causes of 
chronic liver disease. Obesity and alcohol synergistically increase the progression of 
fibrosis and mortality and augment hepatic carcinogenesis. One of the two conditions 
is often predominant, with the other acting as a cofactor of morbimortality [6].

The World Health Organization Global Status Report on Alcohol and Health 
estimated that 2.3 billion people are ongoing alcohol drinkers, who consume a regu-
lar of 32.8  g of pure alcohol per day [20]. Global per capita alcohol drinking 
increased from 1990 to 2017 and is projected to escalate further by 2030 [21]. 
Presently, Europe has the highest levels of alcohol drinking; however, it is projected 
to be exceeded by countries in the Western Pacific region by 2030. Alcohol was 
predicted to be linked with one-quarter of global cirrhosis deaths and one-fifth of 
liver cancer deaths in 2019 since it was the second fastest growing cause of liver 
cancer fatality from 2010 to 2019 [22].

Alcohol produces a wide spectrum of direct liver injuries ranging across steato-
sis, alcoholic hepatitis, cirrhosis, and hepatocellular carcinoma (HCC). However, 
individuals with heavy alcohol consumption (defined as consumption of >40 g of 
pure alcohol/day over a sustained period) will not all develop chronic liver disease, 
emphasizing the role of cofactors such as obesity and insulin resistance. Considering 
the high prevalence of overweight/obesity and alcohol use worldwide, the existence 
of these conditions in the same individual is frequent, and the presence of a combi-
nation of inflammatory lesions (alcoholic and nonalcoholic steatohepatitis) is highly 
probable [6]. Alongside the consequences to the liver, the combination of alcohol 
and metabolic factors is associated with an elevated risk of cardiovascular disease 
and cancers [23–25]. In obese patients, large alcohol consumption is associated 
with a higher risk (>twofold) of colorectal cancer than in obese patients with low 
alcohol consumption. On the other hand, NAFLD risk, as estimated by the Dallas 
steatosis index, is related with an increased risk of liver and non-liver gastrointesti-
nal (esophageal, gastric, pancreatic, and colorectal) cancers. The elevated risks were 
similarly noted according to the history of diabetes, smoking status, and alcohol 
consumption and were generally stronger among men and individuals with higher 
body mass indexes in this very recent study [25].
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The identification of patients with excess alcohol consumption and metabolic 
syndrome is important for the liver because it is associated not only with the inci-
dence of steatosis, faster fibrosis progression, and higher mortality but also with less 
amelioration in steatosis in patients with NASH and increased liver malignancies.

Cirrhosis incidence will continue to increase by 9% over the next two decades 
secondary to NAFLD with an alarming rapid rise in ALD cirrhosis among young 
adults. NAFLD is projected to be responsible for 75% of all new cases of cirrhosis 
in the year 2040 across all birth cohorts in North America, in concordance with the 
increase in both obesity and diabetes, well-known risk factors for NAFLD. Weight 
loss of over 10% of total body weight is associated with fibrosis regression in 
patients with NAFLD and still represents the pillar of management [26]. ALD cir-
rhosis increased especially in those born after 1980 compared to a decrease in those 
born before 1946; it increased similarly in both sexes. This trend coincides with 
increases in binge drinking among the underaged and young adults in the United 
States [27].

Thus, in 2040, over 90% of all cases of cirrhosis should be, theoretically, pre-
ventable if NAFLD, ALD, and viral hepatitis can be identified and managed with 
lifestyle and public health interventions shown to decrease the progression of 
hepatic fibrosis.

The association between obesity and alcohol consumption was observed in other 
studies [28–30] as well: drinking more than three alcoholic drinks per day increased 
risks of alanine aminotransferase elevation in obese people by almost 8.9-fold; 
heavy drinkers and obese persons had a 5.8-fold higher risk of hepatic steatosis; 
binge drinking or increased weekly alcohol use (38  g/week vs. 17  g/week) was 
responsible for the progression of fibrosis.

However, other studies [31–33] have shown that light or modest alcohol con-
sumption (<20  g/day or even <10  g/day) may be associated with lower rates of 
NAFLD, particularly in male patients or obese male patients. This positive effect 
seems only to be observed in wine drinkers that may buy healthier foods in compari-
son to beer drinkers. Any alcohol consumption, however, has been associated with 
increased risks (3.6-fold) of HCC in NASH patients [34].

In a study [35] that included 504,646 Korean patients, HCC incidence was asso-
ciated with hepatitis B and C infection and each 20 g/day of alcohol intake increased 
the risk of HCC by 6%, 8%, 16%, and 30%, respectively, in subjects aged <50, 
50–59, 60–69, and 70–80 years. Another European study [36] established that alco-
hol consumption is associated with a dose-dependent risk of advanced liver disease 
and neoplasia, as well as all-cause mortality. In this regard, it is not safe to recom-
mend moderate alcohol consumption in patients with NAFLD. Also, the potential 
mechanism that may protect against NASH should be studied further. NASH 
patients have increased intestine permeability and endotoxemia, and regular drink-
ing (<140  g/week) has been associated with lower endotoxin levels and anti-
endotoxin core antibody immunoglobulin G, as well as with higher adiponectin 
levels and consecutive improved insulin sensitivity [37].

In clinical practice, we see patients with fatty liver diseases that have overlapping 
pathophysiology, frequently coexist, are rather difficult to determine the main 
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contributing factor, and have the following features: patients with ALD that have 
metabolic cofactors and patients with NAFLD that drink alcohol which contributes 
to the disease process; in between, the great majority of patients have both condi-
tions (NAFLD and ALD) with some showing an equal contribution of alcohol and 
metabolic factors (the proposed name is both alcohol and metabolic associated fatty 
liver disease, BAFLD) [37].

Although there is no agreement on the threshold of alcohol use that rules out 
NAFLD, a level of 30 g for men and 20 g daily for women, respectively, is used 
according to European and American guidelines [5, 38]. Light (1–9.9 g/day) or 
moderate (10–29.9 g/day for men and 10–19.9 g/day for women) alcohol con-
sumption in patients with NAFLD is rather frequent. Almost two-thirds of adult 
patients with NAFLD in the United States drink alcohol, most of whom drink in 
moderation (approximately 4 drinks/week) [39]. As was already shown in the 
above paragraphs, there is no secure limit for alcohol consumption that should be 
recommended because either use can be associated with liver- or non-liver-related 
complications.

Recent studies are showing that MAFLD and NAFLD have similar clinical and 
metabolic profiles at baseline and long-term outcomes. The increased liver-related 
mortality among NAFLD is driven by insulin resistance, and MAFLD is primarily 
driven by ALD [40]. Another prospective study [41] showed that those who were 
excluded by the NAFLD definition and captured by the MAFLD definition seem to 
be at higher risk of adverse metabolic outcomes and cardiovascular events than 
those excluded by the MAFLD definition but captured by the NAFLD definition.

Histologically, nonalcoholic steatohepatitis (NASH) and alcohol-related steato-
hepatitis (ASH) are difficult to distinguish. These two entities include a certain 
degree of macrosteatosis, lobular inflammation, and ballooning. However, some 
lesions are described mainly in ASH: portal acute inflammation, presence of large 
numbers of neutrophils, sclerosing hyaline necrosis, and cholestasis. Other lesions 
such as fibro-obliterative and inflammatory lesions of the outflow veins, alcoholic 
foamy degeneration, and acute cholestasis are seen during ALD but have not been 
shown in NAFLD [6, 42].

NAFLD and ALD share common pathogenic mechanisms because obesity, met-
abolic syndrome, and alcohol utilization synergistically contribute to lipid dysregu-
lation, oxidative stress, inflammation, and fibrogenesis [43]. Lipid metabolism 
dysregulation is a key factor in the pathogenesis of NAFLD and ALD. De novo 
lipogenesis and fatty acid oxidation are implicated in NAFLD pathogenesis, 
although lipid uptake, storage, and export may also play a role. Experimental mod-
els indicate that alcohol consumption further aggravates lipid dysregulation in meta-
bolic syndrome. NAFLD risk factors and ethanol consumption also contribute to 
oxidative stress in fatty liver disease by dysregulating oxidative biochemical pro-
cesses and producing reactive oxygen species (ROS). Three enzymes are decisive in 
the elimination of ROS: superoxide dismutase (SOD), catalase, and glutathione per-
oxidase. Clinical considerations illustrate that patients with NAFLD have increased 
SOD and glutathione peroxidase activities. Similarly, patients with ALD have 
upregulated SOD activity [44].
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Macrophage and neutrophil activation also plays important roles in liver injury 
in the context of metabolic syndrome and alcohol usage. Oxidative stress, inflam-
mation, and hepatocyte apoptosis contribute to hepatic fibrosis in NAFLD and ALD, 
and these pathways are mediated by hepatic stellate cells (HSCs). One significant 
fibrogenic mechanism in NAFLD and ALD is the TGFβ pathway. Another impor-
tant signaling pathway is that of toll-like receptor 4, which responds to LPS and 
produces pro-inflammatory cytokines. Activated HSCs also produce tissue inhibitor 
of metalloproteinases, which inhibits extracellular matrix-degrading matrix metal-
loproteinases [42].

MicroRNAs (miRNAs), small noncoding RNAs, have been increasingly recog-
nized as leading actors in the pathogenesis of a variety of diseases, including 
NAFLD and ALD, and as potential biomarkers for diagnosis or therapeutic targets. 
Sixteen miRNAs associated with ALD, except four (miR-199, miR-212, miR-214, 
and miR-497), are also proven to be related to NAFLD or lipid metabolism. On the 
other hand, miRNAs that are related to the pathogenesis of NAFLD (miR-122, 
miR-34a, and miR-155) are also clearly linked to ALD [45]. These results reflect the 
common mechanisms between NAFLD and ALD.

One essential point is that fibrosis is reversible in patients with ALD in a setting 
of prolonged abstinence as well as in NAFLD that lose weight; regressed fibrosis 
shares similarities in both groups and may be assessed by noninvasive methods. 
These findings highlight an important opportunity for public education and devel-
opment of new policies and health plans surrounding alcohol and metabolic risk 
factors for chronic liver disease.

12.3	� HCV Infection and NAFLD

Hepatic steatosis is frequently found in subjects with chronic HCV, occurring in 
approximately 50% of liver biopsy samples, with a reported range of 30–86%, with 
the highest prevalence in patients with HCV genotype 3 infections [46, 47]. 
Histologically, the perivenular fat distribution, ballooned hepatocytes, and pericel-
lular fibrosis characteristic of NAFLD are usually not specific to hepatitis C, and the 
inflammation in hepatitis C is portal distributed [1].

Steatosis in HCV genotype 3-infected patients is associated with viral load and 
is therefore considered to be secondary to viral effect [48], while in non-genotype 3 
patients, it is likely related to host factors (obesity, diabetes mellitus, alcohol con-
sumption) [49]. However, a marked reduction in steatosis after weight loss has been 
seen in several patients infected with genotype 3, confirming that viral factors are 
not the single cause of fat accumulation [50].

NAFLD and HCV infection are two multisystem diseases, both leading to sys-
temic and hepatic insulin resistance, partly mediated by the release of multiple pro-
inflammatory cytokines, diabetogenic hepatocytes, and reactive oxygen species [51].

Type 2 diabetes mellitus is a prominent feature of the metabolic syndrome, which 
is bidirectionally associated with NAFLD, but HCV infection is also associated 
with specific hepatitis C-associated dysmetabolic syndrome (HCADS), which was 
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first described by Lonardo et al. [52]. The characteristics of the HCADS are type 2 
diabetes mellitus, hypertension, abdominal fat distribution, and atherogenic dyslip-
idemia (after HCV cure), although during active HCV infection, reversible hypo-
cholesterolemia, hepatic steatosis (2.5- to threefold more prevalent than in other 
forms of hepatitis), hyperuricemia, accelerated atherogenesis, and increased risk of 
hepatocellular carcinoma may be acquired [51, 52].

Data from the literature suggest that improvement in NAFLD is associated with 
a decreased incidence of type 2 diabetes mellitus [51, 53]. Similarly, the prevention 
or amelioration of type 2 diabetes mellitus, as well as the reduction of cardiovascu-
lar events following HCV eradication in the era of direct-acting antiviral agents, was 
cited [54–57]. However, recent publications mentioned that HCV infection is posi-
tively correlated with insulin resistance, liver steatosis, metabolic syndrome, type 2 
diabetes mellitus, atherosclerosis, and lipid rebound after DAA successful therapy 
[58, 59].

12.4	� Copper and Iron Abnormalities and NAFLD

Wilson disease (WD) is a systemic disease with multiple clinical presentations, 
hepatic, neurological, ophthalmic, and psychiatric, that mimic other conditions. The 
first stage of liver disease histology in WD was considered to be steatosis [60]. This 
pathologic pattern mimics nonalcoholic fatty liver disease. Steatosis or nonalco-
holic steatohepatitis may be present. Nuclear glycogen of hepatocytes is common. 
In cases with steatohepatitis, similar to NASH, large droplet steatosis, ballooning of 
hepatocytes, Mallory–Denk bodies, occasional acidophilic bodies, and fibrosis are 
seen [61].

The mechanisms linking copper to dysregulated lipid and energy metabolism in 
WD are not established but seem to include direct copper binding and modifications 
to labile proteins that impair enzymes and nuclear receptor function. Hepatic de 
novo lipogenesis is downregulated, and steatosis is the result of impaired mitochon-
drial β-oxidation, reduced very-low-density lipoprotein assembly or export, 
decreased utilization of lipids, and a significant downregulation in cholesterol syn-
thesis. Altered carbohydrate metabolism may also be involved via defects in the 
alternating use of carbohydrates and fat as a metabolic fuel [62, 63]. On the other 
hand, actual evidence indicates a reciprocal connection between copper and lipid 
metabolism. Copper homeostasis is altered in many chronic conditions featuring 
dysregulation in lipid metabolism, including metabolic syndrome, obesity, and 
NAFLD [64, 65]. Patients with NAFLD have 50% less hepatic copper content com-
pared to healthy subjects or patients with other liver diseases [66]. The same authors 
showed an inverse correlation between hepatic copper content and severity of ste-
atosis, fasting glucose levels, insulin resistance, and presence of diabetes and meta-
bolic syndrome.

NAFLD patients with lower serum and hepatic copper concentrations also have 
concomitant higher serum ferritin levels and increased hepatic iron concentra-
tions [67].
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It is universally accepted that iron overburden is common in patients with 
NAFLD and iron-induced lipid peroxide is one of the major contributors to 
NAFLD.  An iron imbalance is also implicated in obesity and insulin resistance. 
Ferroptosis, a form of regulated cell death, is characterized by exaggerate accumu-
lation of intracellular lipid reactive oxygen species and lipid peroxidation resulting 
from iron-dependent depletion of glutathione and inactivation of glutathione per-
oxidase 4. Ferroptosis proved to contribute to the progression of liver damage in 
chronic liver diseases like NAFLD.  Thus, ferroptosis may be an ideal target for 
nonviral liver diseases [68]. Iron overload due to metabolic dysfunction (such as 
liver siderosis and hereditary hemochromatosis) proved to aggravate liver injury in 
patients with NASH [69], but the liver injury can be improved by iron removal in 
patients with NAFLD [68].

12.5	� Celiac Disease (CD) and NAFLD

NAFLD occurrence in CD patients is considered by some authors as a coincidence 
rather than a true relationship, due to the high frequency of both diseases in the 
general population [70].

The recorded prevalence of CD in patients with NAFLD is 2–14% [71]. Although 
approximately 50% of treatment-naïve patients with CD had their body mass index 
within normal limits as expected, 8–44% of the patients were found to be over-
weight or obese at the time of diagnosis of CD [72, 73].

Patients with NAFLD are at increased risk for a later diagnosis of CD. On the 
other hand, individuals with CD seem to be at increased risk (4–6 times) of NAFLD 
compared to the general population. The relative risk of NAFLD development after 
a CD diagnosis is higher in the first 5 years but remained statistically significant 
even 15 years after a CD diagnosis [74].

Several studies demonstrated that gluten-free diet (GFD), although it is the treat-
ment for CD, has potentially negative effects on nutritional and metabolic status 
[75, 76]. GFD can determine a higher intake of simple sugars, proteins, and satu-
rated fat and a lower intake of complex carbohydrates and fibers. Another character-
istic of gluten-free foods is represented by a higher glycemic index than that of 
equivalent gluten-containing foods. In patients with CD on a GFD, both the increase 
in nutrient absorption (as a result of the improvement of the atrophy of the gut 
mucosa) and the intake of higher calories, fats, and simple carbohydrates could 
contribute to the worsening of the metabolic status and to the increase of the preva-
lence of NAFLD in these patients [77]. Tortora et al. [78] reported an increase in the 
prevalence of metabolic syndrome from 2% at the time of diagnosis to 30% after 
12 months of GFD. Thus, patients with CD on GFD should be assessed for nutri-
tional and metabolic features at regular intervals and should be counseled about a 
balanced diet and sustained physical activity. This may be of great importance 
because GFD has become increasingly popular worldwide, with many individuals 
believing it to be more “healthful” and claiming that it has beneficial effects for 
health conditions other than CD.
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12.6	� Autoimmune Liver Diseases and NAFLD

Autoimmune hepatitis (AIH) and metabolic associated fatty liver disease (MAFLD) 
coexist rather frequently (with an overall estimated prevalence between 17 and 
30%) with a potential synergistic impact on the course of both diseases and response 
to therapy [79].

Histologically, significant fibrosis, portal inflammation, and plasma cell infiltra-
tion were demonstrated more frequently in MAFLD/AIH compared to those with 
MAFLD alone [17]. Similar findings were observed in the study by Muller et al. 
[80] that preexisting NAFLD potentiates the severity of an autoimmune condition 
of the liver, such as AIH; there was an increased cellular infiltration of the liver, 
enhanced hepatic fibrosis, and elevated numbers of liver autoantigen-specific 
T cells.

An increased prevalence (20–30%) of autoantibodies is mentioned in MAFLD 
patients, as compared to the general population, but not all MAFLD patients with 
positive autoantibodies had AIH coexistence (only about 10%) [17]. Patients with 
NASH, who were seropositive for antinuclear antibodies (ANA), proved to have 
more serious fibrosis and necroinflammation in the liver than those with seronega-
tive NASH. High titers of ANA, but not smooth muscle antibodies in NAFLD, were 
significantly associated with insulin resistance [81].

The impact of MAFLD on the treatment response of AIH is not extensively stud-
ied; however, it was hypothesized that the concurrent presence of MAFLD with 
AIH may be an explanation for the treatment failure in some patients with AIH. In 
a large Japanese study [82], patients with MAFLD/AIH were found to be signifi-
cantly more likely to receive ursodeoxycholic acid, while they were less likely to 
receive prednisolone treatment compared to AIH without MAFLD. It was shown 
that patients with MAFLD/AIH variants could have dual mechanisms for increased 
risk of mortality, either hepatic or extrahepatic (non-hepatic cancers and vascular 
events) [17].

12.7	� Drug-Induced Liver Disease and NAFLD

The relationship between DILI and NAFLD may be reciprocal: drugs can cause 
NAFLD by acting as steatogenic factors, and preexisting NAFLD could be a predis-
posing condition for certain drugs to cause DILI. Polypharmacy associated with 
obesity might potentiate the association between this condition and DILI [83]. 
There is an expanding number of clinical reports proposing that certain drugs can be 
more hepatotoxic in overweight patients with metabolic dysfunction-associated 
fatty liver disease, in contrast with the lean patient. Some of the drugs may cause 
more severe and/or more frequent acute liver injury in obese individuals, whereas 
others may trigger the transition of simple fatty liver to NASH or may worsen 
hepatic lipid accumulation, necroinflammation, and fibrosis [84].

Drug-induced fatty liver disease (DIFLD) is a specific form of DILI, character-
ized by intracellular lipid accumulation in hepatocytes with steatotic changes 
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(macro- or microvesicular) as the predominant histopathological pattern. Although 
this histopathological feature is required for the diagnosis, the finding is not specific 
[85, 86]. DIFLD is often accompanied by inflammation and oxidative stress, which 
leads to the development of drug-induced steatohepatitis (DISH).

Chronic liver injury leads to hepatocyte death, followed by the activation of stel-
late cells, which finally results in liver tissue fibrosis. The mechanisms associated 
with the induction of steatosis are increased fatty acid synthesis, decreased fatty 
acid β-oxidation, decreased lipoprotein export, and increased mobilization and 
uptake of fatty acids [86, 87].

According to EASL guidelines [84, 88–91], different categories of drugs can 
induce the following types of liver injury
	1.	 Acute liver injuries are caused by amiodarone, aspirin, acetaminophen, ibupro-

fen, isoflurane, fosinopril, halothane, vitamin A, valproate acid, tetracycline, 
telithromycin, piperacillin/tazobactam, nucleoside reverse transcriptase inhibi-
tors (NRTIs), zalcitabine, losartan, omeprazole, sorafenib, ticlopidine, and 
troglitazone.

	2.	 Exacerbation of preexisting fatty liver or MASH: androgenic steroids, benzbro-
marone, corticosteroids, irinotecan, methotrexate, tamoxifen, NRTIs, pentoxi-
fylline, phenobarbital, rosiglitazone, and tetracycline.

	3.	 Promoting the transition of preexisting fatty liver into MASH, fibrosis, or cir-
rhosis: androgenic steroids, benzbromarone, corticosteroids, irinotecan, metho-
trexate, and tamoxifen.

Special attention needs to be given to psychoactive drugs that are increasingly 
used in the long term, even beginning with early youth. This practice was even more 
pregnant during the COVID period, which was associated with an increased preva-
lence of major depressive disorder and anxiety disorders [92].

Monoamine oxidase inhibitors and tricyclic antidepressants were introduced in 
clinical practice in the 1950s and were often related to liver toxicity. They were 
replaced by safer and better tolerated new generations of antidepressants: selective 
serotonin reuptake inhibitors, serotonin and norepinephrine reuptake inhibitors, and 
serotonin antagonist and reuptake inhibitors. All these drugs demonstrate an idio-
syncratic, unpredictable, and reversible hepatic injury, usually of hepatocellular 
type and less frequently of the cholestatic or mixed pattern [93]. However, in vitro 
and animal studies provided substantial evidence that various antidepressants (espe-
cially selective serotonin reuptake inhibitors: fluoxetine and fluvoxamine) have a 
steatogenic effect. Steatogenic effects of antipsychotics were also mentioned mainly 
for clozapine, risperidone, olanzapine, and aripiprazole [93].

Management of DISH usually implies stopping the offending drug.
Although the number of drugs causing DISH is a relatively small fraction of all 

fatty liver cases, this issue assumes a far greater significance against the background 
of the fast-growing metabolic NAFLD pandemic that accompanies obesity in the 
whole world.
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In summary, NAFLD has become a relatively unknown disease to the most com-
mon cause of chronic liver disease worldwide in the last 20 years, with increased 
liver- and non-liver-related mortality. The prevalence of NAFLD, as well as the 
genetic and environmental factors that determine its associated risk, varies. NAFLD 
associated with other chronic liver diseases has an intertwined connection usually 
aggravating, but also decreasing the rate of fibrosis progression and risk of decom-
pensated liver cirrhosis. Addressing the growing burden of NAFLD will require 
setting up a multidisciplinary team and collaborating to deliver a person-centered, 
personalized care and management of people with NAFLD. Enhanced training of 
the public about risk factors for chronic liver diseases (NAFLD/MAFLD, alcohol, 
adequate therapy of Wilson disease and celiac disease, and gluten-free diet) and 
actions to prevent the occurrence of cirrhosis will be essential to reduce cirrhosis 
burden and liver-related mortality in the future.
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13Pathophysiology and Risk Stratification 
in Cardiovascular Diseases and NAFLD

Irina Girleanu and Stefan Chiriac

13.1	� The Pathophysiological Link Between Cardiovascular 
Diseases and NAFLD

The heterogeneity of NAFLD is determined by the complex pathogenesis. NAFLD 
and cardiovascular diseases are part of a multisystem disease with complex inter-
play, and thus it is difficult to discern unidirectional cause-effect relationships. 
NAFLD and cardiovascular diseases share many risk factors such as obesity, diabe-
tes, metabolic syndrome, and hypertension. Moreover, the key common pathophysi-
ological factor for all of these conditions is systemic inflammation.

13.1.1	� Lipid Metabolism and Dysfunctional Adipose Tissue

Nowadays, it is well known that NAFLD is associated with an atherogenic lipid 
profile [1]. Different pathways are involved in lipid metabolism in patients with 
NAFLD. The accumulation of triglycerides in the liver is a fat-balanced equation 
including the amounts of fatty acids produced and delivered to the liver as well as 
the elimination of these fatty acids by either oxidation or secretion in the form of 
very-low-density lipoprotein (VLDL)-triglycerides [2].

One of the main factors linking NAFLD and cardiovascular diseases is the 
increase in dysfunctional visceral fat situated in the pancreas and epicardial or skel-
etal muscles [3]. Moreover, ectopic cardiac fat plays an important role in the com-
mon pathophysiology of NAFLD and cardiovascular diseases. There are two main 
types of cardiac fat, with different influences on cardiovascular risk: the epicardial 
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fat (located between the myocardium and pericardium) and the pericardial fat (sur-
rounding the heart externally to the pericardium) [4]. The epicardial fat activates the 
cardiac nervous system and in healthy persons has the role of nourishing the myo-
cardium, and also secretes anti-inflammatory and anti-fibrotic molecules [5]. In 
NAFLD patients, particularly in those that associate obesity, the epicardial fat 
decreases the release of adiponectin and increases the production of proinflamma-
tory cytokines as interleukin (IL)-1, TNF-α, and IL-6, thus losing its protective 
characteristics [6, 7]. All of these changes promote coronary inflammation, myocar-
dial fibrosis leading to heart failure with preserved ejection fraction, atrial fibrilla-
tion, as well as development of acute or chronic coronary syndrome (Fig. 13.1).

Both subcutaneous and visceral fat, and also triglycerides rich in lipoproteins, 
can release free fatty acids (FFAs) in the systemic circulation and the portal vein, 
thus delivering them to the liver. If the fatty acids are not oxidized as fuel and incor-
porated in triglycerides as VLDL, they accumulate in the liver [8]. In addition, cir-
culating glucose and fructose can also stimulate fatty acid production through a 
mechanism known as de novo lipogenesis. The accumulation of FFA in the liver is 
influenced by adipokines, exosomes, secretion of insulin and glucagon, lifestyle 
factors, and gut microbiota [9]. It was demonstrated that the oxidation of the FFA in 
patients with NAFLD is the same as compared to the general population without 
NAFLD, although the VLDL-triglyceride (VLDL-TG) secretion rate is higher in 

Fig. 13.1  Pathophysiology of cardiovascular diseases in patients with NAFLD. DAMPs damage-
associated molecular patterns, FFA free fatty acids, IL interleukin, PAMPs pathogen-associated 
molecular patterns, sLDL small low-density lipoprotein, TG triglycerides, TNF-α tumor necrosis 
factor alpha, VLDL very-low-density lipoprotein
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patients with NAFLD. VLDL-TGs either are mostly secreted by intra-abdominal fat 
or are a consequence of intrahepatic de novo lipogenesis. This suggests that the 
lipolysis of the subcutaneous fat is not contributive to the increase in VLDL-TG 
secretion in NAFLD patients [10, 11]. De novo hepatic lipogenesis is stimulated by 
glucose and insulin. The excess of FFA and other lipids induces injury of the liver 
cells through a variety of mechanisms including increased oxidative stress due to 
generation of reactive oxygen species, lipotoxicity, and endoplasmic reticulum 
stress. The latter usually promotes cell recovery but can lead to cell death and 
inflammation in some patients with nonalcoholic steatohepatitis (NASH) [12]. Also, 
patients with NAFLD present an increase of small low-density lipoprotein (sLDL) 
cholesterol particles, containing more triglycerides and less cholesterol. These are 
very atherogenic particles that have a higher penetrability in the vessel walls [13]. 
After penetrating the subendothelial vascular wall, these molecules behave as 
damage-associated molecular patterns (DAMPs) and stimulate the immune response 
by activating toll-like receptors (TLRs), especially TLR 2 and TLR 4 [14].

NAFLD is also associated with subclinical atherosclerosis and endothelial dys-
function. In a meta-analysis including 26 observational studies including a total of 
29,439 NAFLD patients, it was demonstrated that NAFLD was associated with 
higher carotid intima-media thickness, coronary artery calcifications, and arterial 
stiffness and lower flow-mediated vasodilatation [15]. The atherosclerotic lesions 
were increased by the presence of VLDL particles presenting a high quantity of 
palmitic acid, a well-known characteristic of NAFLD dyslipidemia. It was demon-
strated that high levels of palmitic acid were associated with increased cardiovascu-
lar morbidity and mortality [16, 17].

13.1.2	� Insulin Resistance

Insulin resistance and abnormal glucose metabolism represent other mechanisms 
that link NAFLD to cardiovascular events. Visceral fat and systemic inflammation 
play an important role in the development of insulin resistance [18]. Insulin resis-
tance determines hyperinsulinism, hepatic gluconeogenesis, and activation of de 
novo hepatic lipogenesis, leading to the aggravation of NAFLD lesions [19]. At the 
same time, insulin resistance enhances progression of the endothelial dysfunction 
and atherosclerotic lesions with important negative consequences on atheromatous 
plaque stability [20, 21].

13.1.3	� Genetics

There are three genotypes associated with an increased risk of NAFLD: PNPLA3, 
TM6SF2, and MBOAT7, as well as one protective genotype—HSD17B13 [22]. The 
PNPLA3-mutated gene leads to the loss of function of triglyceride lipase and 
increased expression of the mutated gene along with proteasomal dysfunction. All 
of these changes determine the increase of proteins on the lipid droplets’ surface, 
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which allows for triglycerides to accumulate [23]. The TM6SF2 gene impairs lipid 
transport and determines an increased risk of cardiovascular diseases [24].

HSD17B13 rs72613567 gene variant is associated with decreased liver transami-
nases; reduced risk of evolution to advanced fibrosis, including liver cirrhosis in 
patients with NAFLD; and even protection from NAFLD development in patients 
with PNPLA3 gene mutation [25]. Even if genetics has a well-established influence 
on NAFLD development, the influence of these gene mutations on cardiovascular 
risk is still under debate. The majority of the studies demonstrated that PNPLA3 
and TM6SF2 gene mutations were associated with cardioprotective effects for isch-
emic heart disease, despite NAFLD [26].

13.1.4	� Inflammation

Another mechanism involved in the increase of cardiovascular risk of patients with 
NAFLD involves oxidative stress and systemic inflammation. The data from the 
Framingham study demonstrated that in patients with NAFLD, there was an 
increased level of IL-6, high-sensitivity C-reactive protein (hsCRP), intercellular 
adhesion molecule-1, P-selectin, and urine isoprostanes [27]. IL-1, IL-6, and hsCRP 
are activated via nucleotide oligomerization domain-like receptor (NLR) family-
NLRP3 inflammasome due to an increased level of DAMPs and pathogen-associated 
molecular patterns (PAMPs) [28]. IL-1 induces endothelial dysfunction, elevates 
arterial blood pressure, promotes leukocyte-endothelium interaction, stimulates the 
production of other cytokines from macrophages and endothelial cells, and modu-
lates cardiac contractility as well as myocardial metabolism [29].

Hepatokines represent other molecules recently demonstrated to be involved in 
the development of cardiometabolic syndrome in patients with NAFLD [30]. Of 
these, fetuin-A was associated with an increased cardiovascular risk [31]. 
Experimental studies have demonstrated that fetuin-A and free fatty acids activate 
inflammatory cytokines and promote atherosclerosis.

13.1.5	� Endothelial Dysfunction and Procoagulant Status

Even in the absence of advanced liver fibrosis, NAFLD patients present an increased 
intrahepatic vascular resistance due to structural hepatic alterations consisting of 
hepatocyte ballooning or more importantly dynamic alterations due to the interac-
tion between endothelium and hepatic stellate cells [32].

Endothelial dysfunction is also aggravated in patients with NAFLD due to a 
decrease in the hepatic breakdown of asymmetric dimethyl arginine (ADMA). 
ADMA, an antagonist of nitric oxide synthase (NOS), is increased in patients with 
NAFLD and is associated with a decreased nitric oxide (NO) bioavailability [33]. 
NO is also decreased by hyperhomocysteinemia, and all of these metabolic abnor-
malities contribute to increased vascular tone, platelet activation, and aggregation.
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The extracellular vesicles could be the link between NAFLD and endothelial 
dysfunction [34]. A recently published study demonstrated that lipotoxic hepatocyte-
derived extracellular vesicles promote monocyte adhesion to liver sinusoidal endo-
thelial cells; they also contain integrin beta 1 with a potential link to vascular 
inflammation and procoagulant status [35]. The procoagulant status that links 
NAFLD with an increased cardiovascular risk is also promoted by the higher aggre-
gability of thrombocytes [34]. The prothrombotic state of patients with NAFLD is 
complex and involves increased factor VIII, von Willebrand factor, and plasmino-
gen-activating inhibitor-1 (PAI-1) but also decreased protein C, protein S, and anti-
thrombin III [36].

13.1.6	� Gut Microbiota

In addition to all of these pathophysiological mechanisms linking NAFLD with 
cardiovascular diseases, gut microbiota abnormalities add insult to injury and 
accentuate the systemic inflammation due to PAMPs derived from gut dysbiosis or 
DAMPs released from damaged enterocytes [37]. The increase in gut-derived endo-
toxins secondary to imbalanced microbiota represents one of the mechanisms that 
induce systemic inflammation and consequently liver fibrosis and endothelial 
dysfunction.

13.2	� Risk Stratification in Cardiovascular Diseases 
and NAFLD

Patients with NAFLD have lower 10-year survival rates compared to the general 
population, and cardiovascular-related mortality accounts for 25% of deaths in indi-
viduals with NAFLD [38]. The question of whether NAFLD is an independent risk 
factor for cardiovascular diseases or if concurrent metabolic related factors lead to 
cardiovascular diseases remains. Risk stratification is closely related to primary pre-
vention strategies, and together they represent the basis of a personalized approach 
in NAFLD patients. NAFLD shares many risk factors with cardiovascular diseases, 
the most important ones being insulin resistance, obesity, and dyslipidemia. Also, 
NAFLD influences cardiovascular diseases, as it is associated with high levels of 
atherogenic lipoproteins as well as inflammatory and hypercoagulable states [36, 
39, 40].

Considering all the pathophysiological links and common mechanisms shared by 
NAFLD and cardiovascular diseases, the question arises whether NAFLD could 
represent an independent risk factor for cardiovascular events. In a landmark meta-
analysis including 16 studies, 34,043 adult patients, and 36.3% of NAFLD patients, 
with a median follow-up of 6.9 years, Targher et al. demonstrated that NAFLD was 
independently associated with cardiovascular outcome [39]. Recently, Meyersohn 
et al. compared the rates of major cardiovascular events (death, myocardial infarc-
tion, unstable angina) in patients with steatosis, controlling for cardiovascular risk 
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factors, and baseline atherosclerotic burden, using adjudicated cardiovascular out-
comes [41]. The authors found that steatosis was associated with a higher preva-
lence of obesity, metabolic syndrome, type 2 diabetes mellitus, cardiovascular risk 
factor burden, and arterial calcium score. Over a median follow-up of 25.5 months, 
the authors identified an overall rate of major cardiovascular events of 3.1%, 
NAFLD at baseline being associated with a higher rate of events (4.4% vs. 2.6%, 
adjusted HR 1.72, p = 0.005) [41]. In this study, the hazard ratio was adjusted for 
obesity, metabolic syndrome, and baseline severity of the coronary obstruction, sug-
gesting that NAFLD could be an independent risk factor for cardiovascular events. 
They also demonstrated that the presence of NAFLD was associated with an addi-
tional cardiovascular risk to the severity of the coronary obstruction. This study 
concluded that baseline hepatic steatosis was associated with a 70% increased risk 
of major adverse cardiovascular events; the risk was independent of the traditional 
cardiovascular risk factors and the presence or the extent of the atheroscle-
rotic plaque.

Mantovani et  al. performed a meta-analysis including 36 longitudinal studies 
evaluating 5,802,226 patients with 99,668 fatal and nonfatal cardiovascular events 
followed up for 6.5 years [42]. They demonstrated that NAFLD was independently 
associated with both fatal and nonfatal cardiovascular events with a pooled random 
effect of 1.4 and that the risk increased proportionally with the fibrosis stage.

Patients with NASH present a high risk of significant morbidity and life-
threatening liver-related complications as well as of developing cardiovascular dis-
eases, with an increased liver-specific and all-cause mortality. An important 
predictor of these severe outcomes is biopsy-confirmed liver fibrosis; however, liver 
biopsy is associated with several potential complications. The FIB-4 score and sev-
eral other noninvasive scores have emerged as alternative tools to identify patients 
with liver fibrosis and potentially act as prognostic markers of clinical outcomes 
[43]. The FIB-4 score was demonstrated to be a prognostic tool both for liver and 
for cardiovascular events. The risk of a clinical event was also shown to be signifi-
cantly higher in patients with a higher FIB-4 score after adjustment for CV risk at 
baseline [43].

A more recent study included 285 adults with biopsy-proven NAFLD without 
cardiovascular disease that were followed prospectively until either the develop-
ment of the first cardiovascular incident, liver transplantation, or death. The findings 
indicated the incidence of cardiovascular events to be 9.1%, higher than in the gen-
eral population, and the predictors of major cardiovascular events to be smoking, 
low albumin, and advanced liver fibrosis [44]. Steatosis, hepatocyte ballooning, 
lobular inflammation, or presence of steatohepatitis was not associated with a higher 
incidence of cardiovascular events. This study demonstrated that NAFLD fibrosis 
score can also predict cardiovascular events, suggesting that the noninvasive tools 
used for the evaluation of NAFLD could be included in the new cardiovascular 
risk scores.

In conclusion, as a multisystem inflammatory chronic disease, NAFLD increases 
the risk of cardiovascular diseases. However, the traditional and commonly used 
cardiovascular risk factor scoring systems may easily underestimate the 

I. Girleanu and S. Chiriac



155

cardiovascular risk burden in patients with hepatic steatosis as validated specific 
cardiovascular scores are not available for this population.
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14Type 2 Diabetes Mellitus and Insulin 
Resistance in Nonalcoholic Fatty Liver 
Disease

Catalina Mihai, Bogdan Mihai, 
and Cristina Cijevschi Prelipcean

14.1	� Introduction

Both nonalcoholic fatty liver disease (NAFLD) and type 2 diabetes mellitus (T2DM) 
are diseases with increasing incidence and prevalence, with significant morbidity 
and mortality, with important costs for the individual and society. NAFLD has 
become the most common liver disease, with a prevalence of 25–30% in the general 
population [1]. NAFLD includes a spectrum of diseases from simple steatosis to 
inflammation (nonalcoholic steatohepatitis—NASH), fibrosis, cirrhosis, or even 
hepatocellular carcinoma. Beyond liver complications, NAFLD is also a risk factor 
for heart and kidney diseases.

T2DM has a continuously increasing incidence and prevalence throughout the 
world; it is estimated that in 2035, there will be 592 million patients [2]. In turn, 
T2DM is an important risk factor for chronic kidney disease and cardiovascular 
diseases. The association of T2DM with NAFLD and chronic kidney disease (the 
“vicious triad”) implies increased morbidity and mortality, being a real public health 
problem [3].

There is a close link between obesity, T2DM, and NAFLD.  In recent years, 
experts have suggested the introduction of a new term: MAFLD (metabolic associ-
ated fatty liver disease). This underlines the role of insulin resistance (IR) and the 
metabolic syndrome in the pathogenesis of NAFLD [4].
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14.2	� Epidemiology

The prevalence of NAFLD in T2DM patients is much higher compared to the gen-
eral population, reaching, according to some studies, up to 70% [3]. NAFLD is 
found in over 50% of patients with T2DM and in 90% of those with severe obesity 
[5]. 30–40% of diabetic patients have NASH and 10–15% severe fibrosis [6]. More 
than half of the T2DM patients will develop NAFLD in the next 3 years [7]. It is 
estimated that in the next 20 years, 1/3 of liver transplants will be performed in 
diabetic patients with NASH [6].

At the same time, multiple large population-based retrospective studies showed 
that the prevalence of type 2 DM is higher in patients with NAFLD compared to the 
general population [8]. There is a 1.6–6.8 times higher risk (variable depending on 
the diagnostic method used) of DM in patients with NAFLD [9]. A recent meta-
analysis including over 500,000 patients from Europe, Asia, and the USA demon-
strated that NAFLD doubles the risk of T2DM independent of obesity or other 
associated metabolic risk factors [10]. Moreover, the risk of DM is proportional to 
the severity of hepatic steatosis and fibrosis. There is also evidence that reducing 
hepatic steatosis would decrease the risk of developing DM [11]. Current guidelines 
recommend DM screening in all NAFLD patients.

The association of NAFLD with T2DM increases the risk of cardiovascular, 
renal, and oncologic diseases.

14.3	� Pathophysiology

The pathogenesis of the association of NAFLD with T2DM is incompletely eluci-
dated, but the IR is considered the main pathogenic factor. Classically, the etio-
pathogenesis of NAFLD is explained by the two-hit theory. The first hit is given by 
IR and the accumulation of fats in the hepatocytes; the second hit is represented by 
inflammation and damage to the hepatocytes. Currently, the theory of multiple hits 
is accepted, with multiple actors playing in the show: genetic factors, glucotoxicity, 
lipotoxicity, and intestinal microbiota (Fig. 14.1) [6].

14.3.1	� Insulin Resistance

IR represents the reduction of the insulin signal in the target organs: muscle, liver, 
and adipose tissue. IR determines intrahepatic accumulation of lipids through mul-
tiple mechanisms: stimulation of de novo lipogenesis through insulin signaling 
pathway (selective IR), decrease in mitochondrial fat oxidation, and increase in the 
flow of fatty acids from adipocytes to the liver [11]. IR also plays an important role 
in the progression of fibrosis, stimulating hepatic stellate cells through both direct 
and indirect inflammatory mechanisms [12].

On the other hand, the relationship between IR and hepatic steatosis is bidirec-
tional: the intrahepatic accumulation of fats (diacylglycerol, ceramides) inhibits 
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Fig. 14.1  Nonalcoholic fatty liver disease (NAFLD); insulin resistance (IR); type 2 diabetes mel-
litus (T2DM)

insulin signaling at the insulin receptor [12]. The increased influx of free fatty acids 
from adipocytes and from the diet causes hyperglycemia [13]. The accumulation of 
lipids in the liver is associated with an increase in IR in the liver, muscles, and adi-
pose tissue and with an increased risk of T2DM [14].

14.3.2	� Genetic Factors

Multiple genetic variants have been involved in the occurrence and progression of 
NASH: patatin-like phospholipase domain-containing 3 (PNPLA3), transmem-
brane 6 superfamily member 2 (TM6SF), glucokinase regulator (GCKR), 
membrane-bound O-acyltransferase domain-containing 7 (MBOAT7), and 
hydroxysteroid 17-dehydrogenase (HSD17B13) [13]. It is interesting that the pres-
ence of NAFLD-related genetic variants increases the risk of IR and T2DM [15].

14.3.3	� Glucotoxicity

There are multiple mechanisms by which hyperglycemia can cause hepatic steatosis 
[6]. Advanced glycosylation end products (AGEs) cause inflammation at the level 
of Kupffer cells and hepatic stellate cells. Hepatic inflammation induces oxidative 
stress and causes lipid peroxidation. Also, glucotoxicity causes alteration of hepatic 
microcirculation and upregulation of genes encoding key lipogenic and glycolytic 
pathways.
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14.3.4	� Adipokines and Hepatokines

Adiponectin is a cytokine that regulates glycemic homeostasis and IR. The reduc-
tion of adiponectin leads to the impairment of fatty acid metabolism and to a pro-
inflammatory status. Leptin activates stellate cells and stimulates fibrogenesis. 
Gremlin 1 correlates with IR and T2DM in patients with NAFLD [16]. Adipokines 
can be both biomarkers and therapeutic targets. In turn, hepatokines (fetuin A and 
B, retinol-binding protein 4, angiopoietin-like proteins, fibroblast growth factor) 
can increase IR, steatosis, and fibrosis and can promote hepatic carcinogenesis [17].

14.3.5	� Lipotoxicity

Hyperglycemia and IR induce de novo lipogenesis through activation of the carbo-
hydrate response element-binding protein (ChREBP) and the sterol-regulating 
element-binding protein 1c (SREBP1c) [16]. SREBP1c regulates cholesterol syn-
thesis and lipid uptake and enhances triglyceride expression. At the same time, 
SREBP1c increases the production of diacylglycerols and ceramides. Ceramides 
exert harmful effects on liver cells through both direct toxic effects and inflammatory-
mediated effects, leading to oxidative stress and apoptosis [18].

14.3.6	� Inflammation

Lipid peroxidation will lead to oxidative stress, release of inflammatory cytokines 
(TNF-α, IL-1b, and IL-6), high reactive oxygen species, and reactive nitrogen spe-
cies with the proliferation of stellate cells and liver fibrogenesis.

14.3.7	� Intestinal Microbiota

Dysbiosis can lead to fatty acid metabolism impairment, Kupffer cell activation, 
inflammation, and fibrosis. DM, along with other endo- and exogenous factors, 
modifies the intestinal microbiota and intestinal permeability. This leads to a leaky 
mucosal barrier, with bacterial translocation and endotoxinemia. Endotoxins (lipo-
polysaccharides) increase intrahepatic accumulation of lipids, inflammation, and 
fibrosis [17].

14.4	� Identification of Steatosis and Fibrosis in T2DM Patients

The diagnosis of NAFLD involves ultrasonography, noninvasive serological and 
ultrasound-based hepatic elastography tests, and magnetic resonance imaging, 
while liver biopsy remains the gold standard. There is currently no consensus 
regarding the best cost-effective, noninvasive screening method for steatosis, 

C. Mihai et al.



163

inflammation, and fibrosis in diabetic patients with NAFLD. The American Diabetes 
Association 2019 consensus recommends screening for NASH and fibrosis in all 
diabetic patients with elevated transaminases or fatty liver on ultrasound [19]. 
Lately, most authors consider that NAFLD screening and liver fibrosis stratification 
would be necessary in all patients with type 2 DM. It is very important to differenti-
ate simple steatosis from steatohepatitis and to identify patients with significant 
fibrosis (F ≥ 2).

Ultrasonography is the first (cheap, noninvasive, accessible) method of high-
lighting hepatic steatosis [20]. However, ultrasonography has many limitations 
(impossibility of detecting mild steatosis, interobserver variability, examination dif-
ficulties in the case of obese patients), and, moreover, it cannot quantify the degree 
of liver fibrosis.

Controlled attenuation parameter (CAP), which quantifies ultrasound attenua-
tion at the center frequency of the Fibroscan probe, has become one of the steatosis 
evaluation methods most used in clinical practice. Transient elastography or 
vibration-controlled transient elastography (VCTE) and acoustic radiation force 
impulse (ARFI) quantification are elastography-based imaging techniques to assess 
hepatic fibrosis. VCTE (Fibroscan) tends to become “the new gold standard” in 
assessing fibrosis in patients with NAFLD [21]. The role of this method in the diag-
nosis, stratification, and monitoring of diabetic patients remains to be established.

Techniques derived from magnetic resonance imaging (MRI) (magnetic reso-
nance spectroscopy and MRI-proton density fat fraction) accurately quantify hepatic 
triglyceride (fat) content, but they are limited by price and accessibility [14]. 
Magnetic resonance elastography has better performances in assessing liver fibrosis 
compared to VCTE [22].

Multiple noninvasive serological scores have been used to assess the degree of 
fibrosis in patients with NAFLD: fibrosis-4 (FIB-4) index, NAFLD fibrosis score 
(NFS), AST-to-platelet ratio index (APRI), and Hepascore. These scores can iden-
tify/exclude significant fibrosis in most patients but have limited accuracy for inter-
mediate fibrosis [23]. It seems that in the case of diabetic patients, the fibrosis 
prediction scores are less accurate. Singh et al. [24] have developed a Diabetes Liver 
Fibrosis Score to detect advanced fibrosis in diabetics with NAFLD, based on six 
parameters: age, hypertension, chronic kidney disease, lipid-lowering medications, 
platelet count, and AST. This is difficult to calculate in practice and requires valida-
tion. Lee et al. [25] have developed another Diabetic Fibrosis Score that includes 
five parameters, body mass index, platelet, AST, high-density lipoprotein choles-
terol, and albuminuria, and has an area under the receiver operating characteristic 
curve of >0.80 in fibrosis detection compared to VCTE. The Homeostatic Model 
Assessment of Insulin Resistance (HOMA-IR) proved to be correlated with steato-
sis and liver fibrosis both in patients with T2DM and in nondiabetics [13, 26].

Current recommendations propose the evaluation of NASH in two stages: one 
through noninvasive biological markers and, subsequently, VCTE for those at risk. 
However, it is not known to what extent this strategy can be applied to the diabetic 
population [25]. Future studies will identify the best noninvasive methods of diag-
nosis, as well as the cutoff values of steatosis and fibrosis in diabetic patients.
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14.5	� Clinical Consequences of the NAFLD–T2DM Association

The complex interrelation between T2DM and NAFLD is summarized in Fig. 14.2. 
On the one hand, the association of DZ with NAFLD determines the acceleration of 
the progression of inflammation and fibrosis, increasing the risk of liver cirrhosis 
and hepatocellular carcinoma. Multiple studies have demonstrated an increased 
prevalence of significant fibrosis and a faster progression of liver fibrosis in diabetic 
patients compared to nondiabetic patients [14]. In a recent study, Lomonaco et al. 
[27] demonstrated that one out of six patients with T2DM had associated significant 
liver fibrosis, evaluated by transient elastography (F ≥ 2). There is an increased risk 
of hepatocellular carcinoma in patients with NAFLD; the greater, the more advanced 
the disease (advanced fibrosis, liver cirrhosis). The association of T2DM increases 
the risk of hepatocellular carcinoma more than four times in patients with NASH-
cirrhosis and represents a predictive factor of mortality [13, 28].

On the other hand, the presence of NAFLD increases the progression of predia-
betes to diabetes and the incidence of macro- and microvascular complications in 
diabetic patients [29]. In diabetic patients who have associated NAFLD, an increased 
risk of cardiovascular diseases, retinopathy, and diabetic nephropathy has been 
demonstrated [14]. The increase in mortality was also demonstrated in patients with 
DM type 2 and NAFLD compared to diabetics without liver damage [30].

Fig. 14.2  Insulin resistance (IR); nonalcoholic fatty liver disease (NAFLD); insulin resistance 
(IR); type 2 diabetes mellitus (T2DM), cardiovascular (CV)
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14.6	� Treatment

Despite the high prevalence, morbidity, and mortality, there is no approved treat-
ment for NAFLD. As long as the two diseases share common etiopathogenic links, 
the therapeutic measures address the same targets. We will review the main thera-
pies used in the treatment of both NAFLD and T2DM.

Lifestyle change (diet, exercise) remains the central pillar of any therapy. In 
NAFLD, a 10% weight loss causes regression of steatosis and improvement of liver 
tests [20]. Both the Mediterranean-type diet and physical exercises (aerobic and 
resistance training) reduce the fatty load of the liver. The DiRECT Study demon-
strated that weight loss in diabetic patients improves hepatic steatosis and IR [31].

It is not known whether a good glycemic control can determine the regression or 
slowing down of the evolution of steatosis and fibrosis.

Antidiabetic drugs can be beneficial in NAFLD through multiple mechanisms, 
from weight loss to cardio- and reno-protective effects. The American guidelines for 
the treatment of DM comorbidities recommend pioglitazone and glucagon-like 
peptide-1 receptor agonists in patients with NAFLD and T2DM [32]. The main 
therapies for NAFLD in diabetic patients are summarized in Table 14.1.

Table 14.1  Therapy in patients with T2DM and NAFLD

Peroxisome proliferator-activated 
receptor-γ (PPAR-γ) medication

Pioglitazone
Elafibranor
Lobeglitazone
Lanifibranor

 �� –  Improve steatosis, fibrosis, IR

Glucagon-like peptide-1 receptor 
agonists (GLP-1 RA)

Liraglutide
Exenatide
Semaglutide
Dulaglutide
Tirzepatide

 �� –  Reduce body weight
 �� –  Reduce blood glucose level and 

glycated hemoglobin
 �� –  Reduce cardiovascular and 

renal complications and mortality
 �� –  Reduce steatosis and 

inflammation
Dipeptidyl dipeptidase-4 inhibitors 
(DDP-4i)

Sitagliptin
Vildagliptin

 �� –  No steatosis improvement
 �� –  Decrease hepatic fat content

Sodium-glucose co-transporter-2 
inhibitors (SGLT2i)

Ipragliflozin
Canagliflozin
Empagliflozin
Dapagliflozin
Licogliflozin

 �� –  Reduce blood glucose levels
 �� –  Reduce albuminuria
 �� –  Renal protective effects
 �� –  Reduce steatosis, inflammation, 

and fibrosis
Other medication Vitamin E

Statins
Metformin

 �� –  Decrease steatosis in 
combination with pioglitazone

 �� –  Decrease the risk of 
hepatocellular carcinoma

14  Type 2 Diabetes Mellitus and Insulin Resistance in Nonalcoholic Fatty Liver Disease



166

14.6.1	� Peroxisome Proliferator-Activated Receptor-γ 
(PPAR-γ) Medication

Thiazolidinediones are among the first antidiabetic drugs that have proven their 
effectiveness in NAFLD. Pioglitazone (not rosiglitazone) increases the level of 
adiponectin and reduces steatosis [33]. The study by Cusi et al. [34] has investi-
gated the effects of pioglitazone vs. placebo in patients with prediabetes or T2DM, 
with a follow-up period of 36 months. The study demonstrated the improvement 
of steatosis, fibrosis, as well as IR.  Brill et  al. [35] showed that pioglitazone 
reduces liver fibrosis and improves IR to a greater extent in patients with T2DM 
compared to those with prediabetes. The improvement of liver fibrosis, especially 
the advanced one, was also confirmed in the meta-analysis of eight studies with 
pioglitazone in NASH [36]. At the same time, pioglitazone has numerous side 
effects: weight gain, cardiac damage, osteoporosis, and increased incidence of 
bladder cancer.

Newer selective peroxisome proliferator-activated receptor-γ modulators 
(SPPARMs) also increase adiponectin but without the side effects of thiazolidine-
diones (e.g., weight gain). CHRS131 is a SPPARM-γ with predominantly insulin-
sensitizing actions, which has proven its effectiveness in reducing glycemia and 
changing the lipid profile [37]. PPAR-α/δ agonists (elafibranor, lobeglitazone) have 
proven their efficiency in reducing steatosis in patients with T2DM and NAFLD, 
without influencing liver fibrosis [38]. Lanifibranor, a pan-PPAR agonist, is a prom-
ise, proving in phase II studies its superiority compared to placebo in improving 
steatosis and liver fibrosis [39].

14.6.2	� Glucagon-Like Peptide-1 Receptor Agonists (GLP-1 RA)

GLP-1 RA (incretin mimetics peptides) are drugs approved for the treatment of 
DM.  They have proven their effectiveness in T2DM, reducing body weight, 
blood glucose level, and glycated hemoglobin, but also cardiovascular and renal 
complications and mortality [40]. Liraglutide demonstrated the improvement of 
liver tests (ALT and aspartate aminotransaminase (AST)-to-platelet ratio 
index—APRI) [41]. The data on the reduction of liver fat content assessed by 
MRI are contradictory [11]. Exenatide has shown promising results related to 
the reduction of IR, steatosis, and inflammation in patients with T2DM and 
NAFLD [42]. Semaglutide in a 72-week phase II trial demonstrated resolution 
of steatosis without aggravation of fibrosis in 56% of patients, compared to 20% 
placebo [43]. There are ongoing studies about the role of dulaglutide and tirz-
epatide (dual agonist of GLP1 and glucose-dependent insulinotropic polypep-
tides) [11].

It is not yet clear whether the effects of GLP-1 RA on hepatic steatosis are due to 
a direct action or are mediated by weight loss.
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14.6.3	� Dipeptidyl Dipeptidase-4 Inhibitors (DDP-4i)

DDP-4i are antidiabetic drugs that also act by increasing incretin. Randomized tri-
als have failed to demonstrate favorable effects of sitagliptin on NAFLD in diabetic 
patients [44]. However, vildagliptin improved liver fat content (assessed by MRI) 
compared to placebo [11].

14.6.4	� Sodium-Glucose Co-transporter-2 Inhibitors (SGLT2i)

SGLT2i inhibit the reabsorption of glucose in the proximal tubular system of the 
kidney, reducing blood glucose levels and macro- and microalbuminuria, with renal 
protective effects. Animal model studies have shown the favorable effects of SGLT2i 
(ipragliflozin, canagliflozin, empagliflozin) in reducing steatosis, inflammation, and 
liver fibrosis [3]. These effects were also confirmed in human studies that showed 
improvement of ALT and reduction of abdominal and liver fat in diabetic patients 
with NAFLD [45, 46]. Licogliflozin, a dual SGLT1–SGLT2 inhibitor, is under 
investigation in NASH patients.

The new classes of antidiabetic drugs, alone or in combination, seem to have 
complex beneficial effects, from reducing blood glycemia to reducing liver and kid-
ney damage, with final effects on reducing cardiovascular morbidity and mortality. 
Combined therapies (PPAR-γ, GLP-1 RA, SGLT2i) could be the solution of the 
future both for the treatment of DM associated with NAFLD and for the reduction 
of cardiovascular and renal risk.

14.6.5	� Other Medication

Vitamin E seems to have the same beneficial effects in reducing steatosis in diabetic 
patients, only in combination with pioglitazone [47]. Statin treatment could prevent 
the occurrence of hepatocarcinoma in diabetic patients with NAFLD [48]. Metformin 
reduces cardiovascular and hepatocellular carcinoma risk, although it has no effect 
on improving liver histology in patients with NAFLD and DM [49].

14.7	� Future Directions and Conclusions

Evaluation of NAFLD in diabetic patients should become part of current clinical 
practice. Given the increased prevalence and the consequences on morbidity and 
mortality, NAFLD screening and fibrosis assessment should be done systematically, 
in all patients with T2DM, similar to other complications. The development of 
screening guidelines, noninvasive diagnosis, and therapeutic algorithms is impera-
tive. Weight loss and physical exercise remain the cornerstone of any therapeutic 
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approach. The new drugs used in the treatment of T2DM, alone or in combinations 
(PPAR-γ, GLP-1 RA, SGLT2i), could have the desired effects for regulating glyce-
mia, improving steatosis and liver fibrosis, and decreasing cardiovascular risk.
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15Nonalcoholic Fatty Liver Disease 
and Chronic Kidney Disease

Camelia Cojocariu, Cristina Popa, Cristina Muzica, 
Carol Stanciu, Tudor Cuciureanu, and Anca Trifan

15.1	� Introduction

Nonalcoholic fatty liver disease (NAFLD) and chronic kidney disease (CKD) are 
worldwide public health problems, due to their increasing prevalence and incidence, 
poor outcomes, and healthcare burden [1, 2]. NAFLD is the most common chronic 
liver disease of our century, reaching epidemic proportions, affecting up to ~25–30% 
of the population worldwide [3]; CKD affects up to ~10–15% of the general adult 
population in many parts of the world [4, 5].

Both NAFLD and CKD are progressive chronic diseases with a wide spectrum 
of manifestations from benign symptoms to relatively mild disease and to severely 
debilitating and end-stage disease, requiring chronic dialysis or liver/kidney 
transplantation.

15.2	� NAFLD

Nonalcoholic fatty liver disease is currently one of the most common etiologies of 
chronic liver disease worldwide, especially in developing countries.
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NAFLD has become a pandemic in the last decade with rising morbidity and 
mortality worldwide. Given the changing etiology of chronic liver disease following 
increased access to curative treatment for chronic hepatitis B and C, NAFLD is a 
major concern for hepatologists everywhere, while it is affecting one-quarter of 
adults worldwide [3].

The global burden of NAFLD is rising in parallel with increasing rates of obesity, 
type 2 diabetes mellitus (T2DM), and metabolic syndrome [6, 7]. Moreover, 
NAFLD is also a growing risk factor for hepatocellular carcinoma (HCC) and a 
leading indication for liver transplantation [8, 9] and hepatocellular cancer-related 
liver transplantation [10].

Statistical analyses showed that in Europe, in 2030, a timepoint we established to 
eradicate hepatitis C virus infection, it is estimated that the highest prevalence of 
NAFLD will be in Italy (29.5%) and the lowest (23.6%) in France [10]. NAFLD 
will be the most important challenge in hepatology in the next few years.

NAFLD includes a wide range of manifestations, from simple hepatic steato-
sis (a benign/silent disease with fat accumulation in liver volume more than 5%) 
to nonalcoholic steatohepatitis (NASH) (steatosis with inflammation) and fibro-
sis with high potential for progression to liver cirrhosis (and hepatocellular car-
cinoma), the final stage of any chronic liver disease [3, 11, 12]. The real 
prevalence of NASH is not known, mainly due to the asymptomatic course of the 
disease, but millions of people worldwide are at risk of cirrhosis associated with 
NAFLD [3].

As long as there is no effective treatment proven to control the disease, it is 
unlikely to expect a significant reduction in incidence rates in the coming years [13], 
but some of NAFLD extrahepatic manifestations/associated disease may be treated 
if they are recognized.

In the last years, several studies have focused on the association between NAFLD 
and CKD, regardless of the presence of known/not known risk factors for these two 
diseases such as obesity, arterial hypertension, type 2 diabetes mellitus (T2DM), or 
metabolic syndrome [14–18].

15.3	� CKD

CKD is one of the important causes of mortality worldwide, and it is one of the 
diseases that have shown an increase in associated deaths over the past two decades. 
It has to emphasize that if in recent years it has been possible to reduce mortality for 
most diseases (cardiovascular, neoplasia, metabolic, etc.), advanced chronic liver 
disease is the only one in which there is an upward trend of mortality.

According to KDIGO (Kidney Disease Improving Global outcome), chronic kid-
ney disease (CKD) is defined as abnormalities of kidney structure or function, pres-
ent for more than 3 months. CKD is classified based on cause, glomerular filtration 
rate category (G1–G5), and albuminuria category (A1–A3). According to GFR, 
there are five CKD stages: stage 1—GFR more than 90  mL/min/1.73  m2; stage 
2—60–89 mL/min/1.73 m2; stage 3—30–59 mL/min/1.73 m2 (stage 3a, 45–59 mL/
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min/1.73 m2; stage 3b—30–44 mL/min/1.73 m2; stage 4—15–29 mL/min/1.73 m2; 
and stage 5—GFR less than 15 mL/min/1.73 m2 [19].

The global all-age mortality associated with CKD increased by 41.5% between 
1990 and 2017 [20]. Although mortality has dropped down in the last decades in 
patients with ESKD, the latest Global Burden of Disease (GBD) studies have shown 
that CKD is still an important cause of worldwide mortality [21–23]. The same 
report showed that the number of patients affected by CKD stages 1–5 has been 
increasing, affecting more than 800 million individuals worldwide in 2017 [23, 24].

CKD was the 13th leading cause of death worldwide in 2016 and the 12th in 
2017 and more; it is predicted to be the fifth highest cause of years of life lost glob-
ally by 2040 [24–26], the time when hepatologists aim to eradicate/control chronic 
liver disease associated with viral C and B hepatitis.

In 2016, Hill et  al. showed in a comprehensive systematic review and meta-
analysis of 100 studies that the prevalence of CKD stages 1–5 is 13.4% worldwide 
(10.6% for CKD stages 3–5) and the prevalence of CKD according to the stage is 
variable: 8.9% (stages 1 and 2), 7.6% (stage 3), 0.4% (stage 4), and 0.1% (stage 
5) [27].

The CKD prevalence has changed over time. In the United States, the prevalence 
of CKD stages 1–4 was 11.8% from 1988 to 1994, and it increased to 14.2% from 
2015 to 2016 [23], and similarly stable prevalence of CKD stages 1–5 was reported 
in Norway between 1995 and 2008 [28]. In contrast, in the UK, the prevalence of 
CKD stages 3–5 declined significantly over 7 years [23].

The increase in the population’s life expectancy could explain the high mainte-
nance and somewhat constant prevalence of CKD. The meta-analysis of Hill et al. 
showed the impact of age on CKD prevalence and reported a linearly higher preva-
lence for CKD stages associated with advancing age, ranging from 13.7% in 30- to 
40-year-old patients to 27.9% in patients aged >70–80 years [27].

Considering the rise in risk factors for CKD, such as obesity, T2DM, and meta-
bolic disease, the prevalence of CKD is expected to increase in the next years.

15.4	� NAFLD and CKD: Correlation or 
Causation, Pathophysiology

The nephrologists agree and preferentially use the term MAFLD for nonalcoholic 
fatty liver disease, a term with which hepatologists do not entirely agree.

Most of the recognized risk factors of NAFLD, i.e., visceral obesity, T2DM, arte-
rial hypertension, atherogenic dyslipidemia, metabolic syndrome, and insulin resis-
tance, are at the same time important risk factors for CKD [29]. In recent years, 
other risk factors involved in the pathogenesis of the two conditions have been ana-
lyzed (some of them confirmed): low-grade inflammatory state (increased C-reactive 
protein, IL-6, TNF-α levels), prothrombotic state (increased levels of factor VII, 
fibrinogen, tissue factor, and plasminogen activator inhibitor-1, and decreased levels 
of tissue plasminogen activator and other fibrinolytic factors), increased uric acid 
levels, low 25-hydroxy-vitamin D, decreased adiponectin levels, etc. [9, 30–33].
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The pathophysiology of NAFLD is multifactorial, and not completely under-
stood, characterized by inflammation, lipotoxicity, and fibrosis, leading to end-stage 
liver disease; NAFLD describes a spectrum of histological abnormalities, from ste-
atosis to steatohepatitis, hepato-fibrosis, and cirrhosis (Fig. 15.1).

The key event of NAFLD pathophysiology is the liver’s accumulation of free 
fatty acids (FFAs). The liver gets FFAs from three sources: (1) FFAs are taken up 
from the circulation with excessive mobilization of them derived from the lipolysis 
of adipose tissues, driven by insulin resistance (IR) (60%). (2) De novo lipogenesis 
(DNL) represents 26% of stored hepatic triglycerides (TGs). Excessive carbohy-
drates are converted to FFAs in the liver by DNL process. The rate of DNL is tightly 
regulated by several nuclear transcription factors (TFs), the most important being 
sterol regulatory element-binding protein-1c (SREBP-1c). (3) Dietary lipids consti-
tute around 15% of TGs in the liver.

Evidence indicates that saturated FAs are more hepatotoxic than unsaturated FAs 
and are associated with disease progression. The mechanisms for FFA disposal in 
the liver are b-oxidation, in which FFAs are oxidized in mitochondria, and VLDL 
export, in which FFAs are re-esterified generating TGs. TGs are then assembled and 
secreted into the systemic circulation as a constituent of VLDLs. Hepatic steatosis 
occurs when the TG homeostasis is disrupted due to an increase in FA uptake and 
DNL and a reduction in FFA oxidation and VLDL export.

Obesity
Genetics
Ethnicity,
sex

HOMA

MAFLD

Diabetes
Pre-diabetes

Inflammation

Blood
pressure

Gut
microbiota

Cholesterol
Triglycerides

Fig. 15.1  The vicious circle in the pathophysiology of NAFLD/MAFLD
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When the FFA disposal mechanisms are disrupted or overwhelmed, ROS and 
toxic lipid species are generated, thus triggering lipotoxicity.

Oxidative stress and inflammasome formation are the key processes that contrib-
ute to the development and progression of NASH. These processes are initiated by 
FFA overload and then perpetuated by several proinflammatory cells. The main 
intracellular sources of ROS are mitochondria, endoplasmic reticulum (ER), peroxi-
somes, xanthine oxidase (XO), and cytochrome P450 metabolism. Under physio-
logical conditions, these ROS are neutralized by antioxidant mechanisms. In 
MASH, oxidative stress results from both increased production of oxidative species 
and a breakdown of antioxidant defenses. Inflammasomes are intracellular pattern 
recognition receptors (PRRs) that are responsible for the production of proinflam-
matory cytokines, such as IL-1b and IL-18. Inflammasome-mediated IL-1b secre-
tion is initiated and then stimulated by a variety of signals. Immune dysregulation 
plays a crucial role in the pathogenesis of NASH.  The major immune cells that 
contribute to NASH are Kupffer cells, monocytes, neutrophils, and T-helper (Th) 
and cytotoxic CD8þ T cells. Cytotoxic CD8 T cells accumulate in the liver during 
NAFLD, and their inhibition results in decreased steatosis, IR, inflammation, and 
hepatic stellate cell activation.

Activation of these cytotoxic CD8þ T cells is supported by type I IFN responses 
and leads to the production of the proinflammatory cytokines, IFN-γ and TNF-α. 
Hepatic stellate cells (HSCs) play a crucial role in MASH progression. Activation 
of HSC involves the transition from quiescent vitamin A-storing cells to a prolifera-
tive migratory and fibrogenic phenotype, which is characteristic of liver fibrogene-
sis, and free cholesterol accumulation mediates HSC activation. Fibrogenesis is a 
dynamic process. When there are excessive and prolonged injurious stimuli, such as 
lipotoxic species, profibrogenic processes predominate (HSC activation) and fibrous 
tissue accumulates in the liver [34].

The linking mechanisms between NAFLD and CKD are extremely complex and 
not fully explained. The most important studied mechanisms involved in the patho-
genesis of the two diseases and that make the connection between them are repre-
sented by dysbiosis and disturbed intestinal function, dietary changes (mediating a 
link between NAFLD, dysbiosis, and CKD), platelet activation, T2DM and meta-
bolic syndrome (the most studied association of NAFLD and CKD), etc.

15.4.1	� Dysbiosis and Disturbed Intestinal Function, 
Dietary Changes

In recent years, intestinal dysbiosis has been considered an important element in the 
pathogenesis of most diseases (cardiovascular, neurological, degenerative, diges-
tive, etc.); certainly, the change in the intestinal flora is responsible for many diges-
tive symptoms and change in the quality of life, but we believe that the importance 
of dysbiosis in the pathogenesis of most pathologies is somewhat exaggerated.

Some experimental data suggests the role of the intestinal microbiota in the 
pathogenesis of both CKD and NAFLD [35, 36]. Dysbiosis may be associated with 
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increase in gram-negative organisms, lipopolysaccharide, gut permeability, second-
ary bile acids (BAs), and renal toxins, which may increase the risk of development 
and progression of both NAFLD [36, 37] and CKD [38].

According to dysbiosis and disturbed intestinal function, dietary change is another 
factor that could mediate the link between NAFLD, dysbiosis, and CKD. Nowadays, 
the most commonly consumed sugar is fructose and its intake is associated with 
NASH and with increased serum uric acid concentrations in children and adolescents 
[39]. Although it has been thought that most of our level of fructose is due to dietary 
intake, Lanaspa et al. recently showed that endogenous fructose can also be gener-
ated in the liver with activation of the polyol pathway and glucose may be converted 
to sorbitol by aldose reductase and sorbitol is converted to fructose by sorbitol dehy-
drogenase [40]. Aldose reductase is an NADPH-dependent aldo-keto reductase, and 
in 2019, Sanchez-Lozada et al. showed that uric acid dose-dependently stimulated 
aldose reductase expression, and it is associated with increased endogenous fructose 
production and hepatic triglyceride accumulation [41]. The stimulatory mechanism 
is mediated by uric acid-induced oxidative stress, and the increase in uric acid con-
centrations leads to a further increase in endogenous fructose production by stimulat-
ing aldose reductase with the potential for uric acid-mediated kidney damage and 
fructose-mediated disease. Dysbiosis may also promote increased platelet activation 
since indoxyl sulfate activates platelets, so the following aspect stated seems logical 
in discussing the association between NAFLD and CKD [42].

15.4.2	� T2DM, Metabolic Syndrome, NAFLD, and CKD

Numerous epidemiological data have shown that NAFLD is an independent risk 
factor for CKD and also that NAFLD and elements of the metabolic syndrome 
(MetS) intervene in the development and progression of CKD [29]. Renal damage 
in patients with T2DM is well known, and more than one-third of patients with 
NAFLD have impaired renal function. Many diabetic patients have NAFLD, and 
both diseases have a significant risk of kidney damage; impaired renal function in 
patients with NAFLD is associated with the severity of liver disease and T2DM 
association [43].

Considering that many times T2DM, MetS, and NAFLD coexist and share com-
mon risk factors, it is very difficult to estimate the main factor that initiates the 
change in renal function in these patients.

15.5	� Genetic Factors

Genetic factors also play a role in the development and progression of NAFLD. The 
genetic variations found in NAFLD are driven by genes involved in lipid droplet 
biology, the most common being patatin-like phospholipase domain-containing 3 
(PNPLA3) and transmembrane 6 superfamily member 2 (TM6SF2). Many other 
genetic factors may be involved and are yet to be discovered.
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15.6	� NAFLD and CKD: Correlation or Causation, Clinical 
Evidence of Association

When discussing the link between NAFLD and CKD, the data is controversial. On 
the one hand, both NAFLD and CKD share common risk factors, such as T2DM, 
metabolic dysregulation, and atherogenic dyslipidemia [34]. On the other hand, 
some studies support the fact that NAFLD is independently associated with a higher 
prevalence of CKD [34, 44].

There is evidence that supports the relationship between NAFLD and CKD. Three 
meta-analyses study the risk of CKD among NAFLD patients, and all three point 
towards a higher risk of incident CKD among NAFLD population, but there are 
some mentions. In the first meta-analysis, the results were not adjusted for common 
cardiorenal risk factors which can be present in both NAFLD and CKD [45]. 
Mantovani et  al. included only observational studies and populations of Asian 
descent, and therefore causality cannot be proven [14]. The most recent meta-
analysis shows that individuals with NAFLD have a 39% higher risk of incident 
CKD, irrespective of cardiorenal factors. Furthermore, the risk of CKD was higher 
in individuals with more severe NAFLD, and risk stratification for CKD in these 
patients is needed [46] (Table 15.1).

Regarding the data among MAFLD patients, there is one cross-sectional study 
published in 2021 that compared the prevalence of CKD among NAFLD and 
MAFLD patients. The study included 12,571 patients from the Third National Health 
and Nutrition Examination Survey 1988–1994 (NHANES III). Among the NHANES 
III cohort, the prevalence of MAFLD was 30.2%, whereas the prevalence of NAFLD 
was 36.2%. Patients with MAFLD had a higher prevalence of CKD when compared 

Table 15.1  Risk of CKD among NAFLD patients

Author, year Design Studies included
Patients, 
no.

Risk of CKD in NAFLD 
patients

Musso et al. 
(2014) [45]

Meta-analysis 
(33 studies)

33 longitudinal 
and cross-
sectional studies

63,902 Prevalence of CKD, 
pooled OR 2.12 (95% CI 
1.69–2.66)
Incidence of CKD: HR 
1.79 (95% CI 1.65–1.95)

Mantovani 
et al. (2018) 
[14]

Meta-analysis (9 
observational 
studies)

9 observational 
studies

96,595 Risk of incident CKD: HR 
1.37 (95% CI 1.2–1.53)

Cai et al. 
(2021) [46]

Meta-analysis 
(11 cohort 
studies)

11 cohort studies 1,198,242 Unadjusted models: RR 
1.54 (95% CI) of CKD
Adjusted model: RR 1.39 
(95% CI)
Compared to non-NAFLD 
patients: adjusted absolute 
risk increase of 5.1 (95% 
CI 3.5–6.8) per 1000 
person-years

CKD chronic kidney disease, NAFLD nonalcoholic fatty liver disease
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to NAFLD patients (29.6% versus 26.56%). Moreover, the severity of MAFLD was 
associated with an increased risk of prevalent CKD (1.34-fold higher risk) [47].

Although the literature available up to this point indicates an increased risk of 
incident CKD among NAFLD and patients, we need to take into consideration the 
fact that most studies included were observational and cross-sectional and a caus-
ative link is difficult to prove. However, the NHANES III points towards a higher 
risk of CKD among MAFLD patients, but at the same time, the subjects included 
were from a cohort from 1988 to 1994 and a more contemporary study is needed. 
Such a study exists and was published in 2021, which included 4869 patients from 
NHANES 2017 to 2018 and studied the association between CKD and 
MAFLD. Results showed that there was a higher prevalence of CKD in MAFLD 
patients when compared to non-MAFLD patients (22.2% versus 19.1%), but 
MAFLD was not independently associated with CKD [48].

A meta-analysis published in 2022 studied the association between liver stiffness 
and CKD in patients with NAFLD. The primary outcome of the study was CKD, 
defined as a composite of urinary albumin-to-creatinine ratio (UACR) ≥30 mg/g 
and estimated glomerular filtration rate (eGFR) <60 mL/min/m2. In individuals with 
liver fibrosis assessed by vibration-controlled transient elastography (VCTE), the 
risk of CKD was higher (OR 2.49 95% CI 1.89–3.29). This suggests that elevated 
liver stiffness is linked to an increased risk of kidney outcomes, and screening for 
advanced fibrosis might also help identify patients at risk for kidney disease [49]. 
However, once again, the studies are cross-sectional in nature and prospective data 
is needed to confirm causality.

We need to take into consideration that NAFLD and CKD have common risk 
factors, such as obesity, decreased insulin sensitivity, T2DM, arterial hypertension, 
and metabolic syndrome [1]. The presence of one or more risk factors could create 
a vicious circle that affects both liver and kidneys, but one question remains: does 
NAFLD cause CKD, is it just an incident finding, or metabolic dysregulation is the 
sole cause of both? More prospective data are needed to define the relationship 
between the two entities.

Given the metabolic dysregulation in NAFLD, and the low-grade systemic 
inflammation, we could also speculate that NAFLD could be a new risk factor for 
CKD progression, but more studies involving NAFLD and CKD are needed to con-
firm this hypothesis.

15.7	� Conclusions

However, irrespective of the causative relationship between the two, all patients 
with NAFLD should be screened for CKD using serum creatinine levels and urinary 
albumin-to-creatinine ratio to identify early kidney dysfunction. Early referral to a 
nephrologist and a multidisciplinary approach could be vital for the patient. 
Although there are no guidelines and surveillance protocols for CKD in patients 
with NAFLD, it is crucial to detect early renal impairment in these patients in order 
to prevent CKD progression, minimize complications, and improve survival. 
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Currently, many clinical trials are evaluating the therapeutic efficacy of new drugs 
for NAFLD, and regarding the association of NAFLD with CKD, it is mandatory 
that all future randomized controlled trials focused on testing efficient and safety 
treatments for NAFLD/NASH have to systematically search for CKD in patients 
with NAFLD.
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16Endocrinopathies in Nonalcoholic Fatty 
Liver Disease

Ana Maria Singeap and Laura Huiban

16.1	� Introduction

Nonalcoholic fatty liver disease (NAFLD) represents one of the main causes of 
chronic liver disease, which includes a wide spectrum from simple steatosis to 
advanced fibrosis, cirrhosis, and, eventually, even hepatocellular carcinoma. 
Evidence so far sustains a clear relationship between various endocrine dysfunc-
tions and nonalcoholic fatty liver disease (Fig.  16.1). Endocrinopathies may be 
involved in the development and progression of NAFLD. Awareness, early diagno-
sis, appropriate surveillance, and treatment are mandatory for optimal patients’ 
approach.
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Adrenal glands:
↑ glucocorticoids

↑ androgens
↑ renin-angiotensin-aldosterone

system

Pituitary gland:
↑ prolactin, ↓ GH, ↑ glucocorticoids

Ovaries: ↓ or ↑ estrogens,
↑ androgens

Testis: ↓ testosterone

Thyroid: hypothyroidism (↓ FT3/FT4)

Pancreas: insulin resistance

Fig. 16.1  Endocrine disorders associated with nonalcoholic fatty liver diseases (created with 
BioRender.com)

16.2	� NAFLD and Hypothyroidism

The thyroid gland has a dominant role in the control of many metabolic processes. 
Thyroid dysfunction, represented by thyroid hormone level disorders, either clini-
cally overt or subclinical, may cause insulin resistance, hyperlipidemia, and obesity, 
viewed as acknowledged risk factors for NAFLD development [1]. Thyroid hor-
mones modulate cholesterol synthesis, transformation, and clearance [2]. Thyroid-
stimulating hormone (TSH) has as direct result an increase of liver gluconeogenesis, 
at the same time decreasing 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 
reductase phosphorylation, causing hypercholesterolemia [3]. In addition, a com-
mon pathophysiological pathway for hypothyroidism and NAFLD is represented by 
oxidative stress [4].

Association between thyroid abnormalities and NAFLD has been extensively 
debated in time, with initial conflicting results; however, growing evidence is show-
ing that hypothyroidism may be a risk factor for NAFLD. While the prevalence of 
hypothyroidism in the population of the United States was found to be 3.7% [5], a 
systematic review performed in 2014 and including 11 articles showed a hypothy-
roidism prevalence between 15.2 and 36.3% among NAFLD patients [6]; NAFLD 
was diagnosed in five studies by liver biopsy, while in the other six studies, ultraso-
nographic criteria were used. Another systematic review and meta-analysis on more 
than 40,000 patients included in 13 studies showed a significant correlation between 
NAFLD and hypothyroidism, sustaining by epidemiological arguments the risk for 
NAFLD in patients with hypothyroidism, in comparison with persons with 
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euthyroidism [7]. Overt hypothyroidism, understood as elevated TSH and decreased 
free thyroxine 4 (FT4), was more significantly associated with NAFLD than sub-
clinical hypothyroidism, defined as high TSH and normal FT4, the probable expla-
nation being the combined concomitant effects of thyroid hormones and TSH-level 
variations [7]. Similar results were showed by another recent systematic review and 
meta-analysis performed on a total of 51,407 hypothyroidism patients, where hypo-
thyroidism was positively associated with the risk of NAFLD [8]. In this study, the 
elevated concentrations of TSH levels and low FT4 were significantly correlated 
with the risk of NAFLD, while free triiodothyronine (FT3) was not significantly 
linked to the risk of NAFLD [8]. Subclinical hypothyroidism was associated with 
NAFLD in a dose-dependent relationship even in the presence of normal TSH 
range, and association with NAFLD was proved even if other metabolic issues were 
concomitantly present or absent [9]. In addition, “low-normal” thyroid was incrimi-
nated as a contributing factor to advanced fibrosis [10].

Recently, the connection of hypothyroidism with liver fibrosis was suggested. 
Even if it is still incompletely understood if or how thyroid dysfunction accelerates 
NAFLD progression to steatohepatitis and, furthermore, to advanced fibrosis, there 
are some evidences in this regard. Thus, the thyroid hormone receptor might have a 
role in the activation of hepatic stellate cell [11]. At the same time, in hypothyroid-
ism patients, higher levels of serum leptin were remarked, which not only increases 
hepatic insulin resistance but also promotes synthesis of collagen in the liver [12]. 
Moreover, hypothyroidism appears to be related to elevated plasma levels of fibro-
blast growth factor-21, independently of body mass index, or lipid or glucose 
metabolism [13]. In real-world setting, studies showed that among NAFLD patients, 
increased TSH levels were significantly associated with higher risk of liver fibrosis, 
estimated either on transient elastography as liver stiffness ≥8.0  kPa [14] or by 
fibrosis-4 (FIB-4) index value of ≥2.6 [15], advocating that TSH levels might be a 
marker for liver fibrosis in NAFLD patients.

In the light of the assumed causal relationship between hypothyroidism and 
NAFLD, the question of a potential benefit on NAFLD following the hypothyroid-
ism treatment appears as a challenging and attractive topic. Data so far showed that 
the replacement treatment with thyroid hormones is followed by a significant reduc-
tion of serum lipids and has a favorable effect on obesity or overweight [16], acting 
against risk factors for NAFLD. More specific results were shown by an interven-
tional study where levothyroxine therapy for a period of 1 year and 3 months in 
patients diagnosed with subclinical hypothyroidism had a favorable effect on sero-
logical hepatic tests and ultrasound liver appearance in terms of steatosis features 
[17]. Moreover, decrease of liver fat, quantified by magnetic resonance spectros-
copy, was documented after administration of levothyroxine for a 4-month period in 
patients with type 2 diabetes, normal thyroid function, and NAFLD [18]. At the 
same time, administration of an FGF-21 analogue in NASH patients leads to reduc-
ing liver fat content [19].

Evidences so far suggest that hypothyroidism may have an important role in the 
development and progression of NAFLD, and hypothyroidism-induced NAFLD 
may be already regarded as a definite entity. As subsequent advice for the clinical 
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practice, it appears as mandatory that thyroid function must be evaluated in NAFLD 
patients and vice versa. Hypothyroidism is a modifiable risk factor, and even if 
there are still aspects to clarify, there is hope that thyroid replacement therapy 
NAFLD patients might have a benefit on the disease status and might prevent 
progression.

16.3	� NAFLD and Hypopituitarism

The adenohypophysis, represented by the anterior pituitary part, is responsible for 
secreting into the circulation various hormones: thyroid-stimulating hormone 
(TSH), somatotropin; growth hormone (GH), corticotropin; or adrenocorticotropic 
hormone (ACTH), gonadotropins and prolactin.

Classically, the association between hypopituitarism, metabolic syndrome, and 
NAFLD is linked to lipid disequilibrium and liver fat accumulation. In hypopituita-
rism, modifications of lipid levels were described, the most important being the 
reduction of high-density lipoprotein cholesterol and the elevation of the proportion 
of low-density/high-density lipoprotein [20]. High prevalence of both NAFLD and 
metabolic syndrome was evidenced in hypopituitarism, with cardiac morbidity 
being significantly higher and higher associated premature mortality [21]. Moreover, 
leptin resistance associated with hypopituitarism may contribute to NAFLD patho-
genesis, by the route of insulin resistance, overeating, and obesity [22].

Hypopituitarism may be linked to rapidly progressive NAFLD, as showed by a 
study reporting young patients with fast deterioration towards cirrhosis [23], and 
represents a risk factor for cardiovascular diseases, as demonstrated by a cohort 
cross-sectional study where non-treated female patients with hypopituitarism pre-
sented a twofold increase in cardiovascular mortality versus general population 
[23]. A recent study analyzing retrospectively surgical and nonsurgical hypopituita-
rism patients found that hepatic fibrosis rapidly progresses in the cases of NAFLD 
patients undergoing cranial surgery, in correlation with leptin, body mass index, and 
diabetes mellitus [24].

16.4	� NAFLD and Growth Hormone Deficiency

Growth hormone (GH), secreted primarily by pituitary gland, exercises its effects 
through insulin-like growth factor-1 (IGF-1) synthetized in the liver, having as a 
consequence the stimulation of lipolysis, increase of free fatty acids, inhibition of 
glucose oxidation, and impairment of insulin sensitivity [25]. In adults, GH defi-
ciency is correlated with decreased use of lipids as an energy source, decreased 
lipolysis and visceral adiposity, and insulin resistance; consequently, NAFLD is 
increasingly recognized as part of the metabolic complications related to adult GH 
deficiency [26]. Moreover, leptin resistance associated with hypopituitarism may 
contribute to NAFLD pathogenesis, via insulin resistance, hyperphagia, and obe-
sity [22].
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An observational study analyzing 69 patients diagnosed with hypopituitarism 
with no hormonal replacement treatment showed a 77% prevalence of NAFLD—
diagnosed by ultrasound, significantly higher than in controls, where NAFLD prev-
alence was 12% [27]. Among patients with NAFLD proved by liver biopsy, reduced 
GH levels were correlated to higher grade of steatosis, while low IGF-1 was linked 
to higher grade of fibrosis and histologic features of NASH [28]. Restoration of GH 
levels is followed by improvement of lipid profile, increase of lean body mass, and 
decrease of body fat [29]. Moreover, several studies demonstrated an improvement 
in the liver function after GH administration, as well as after a synthetic form of 
GH-releasing hormone (tesamorelin), resulting in the reduction of the liver fat frac-
tion [30, 31].

In every adult patient with hypothalamic and pituitary disorders, GH levels must 
be assessed; if GH deficiency is confirmed, replacement treatment must be initiated, 
in order to avoid progression of NAFLD to NASH and cirrhosis. Because GH defi-
ciency is concomitantly associated with insulin resistance and type 2 diabetes, as 
well as with visceral obesity and dyslipidemia, early identification is necessary for 
a complete treatment strategy.

Thus, proper screening and early interventions consisting of diet measures and 
hormone replacement therapy appear as not only useful, but also mandatory for 
ensuring the prevention of a progressive hepatic disease.

16.5	� NAFLD and Hyperprolactinemia

Prolactin is a multifunctional polypeptide with various metabolic effects. Apart 
from its main roles related to pregnancy and lactation, prolactin takes part in general 
homeostasis processes, related especially to body weight control, adipose tissue 
function, and adrenal response to stress [32]. Moreover, recent data showed that 
prolactin is implicated in the occurrence and progression of NAFLD [33].

Thus, hyperprolactinemia induces adipogenesis and favors obesity, hyperinsu-
linemia, and insulin resistance, while administration of dopamine antagonists aim-
ing at normalization of prolactin levels is followed by body weight control, insulin 
sensitivity, and improving of lipid metabolism [34]. Experimental studies in animal 
models showed that triglyceride liver concentrations increase after prolactin admin-
istration [35]. As prolactin appears to regulate hepatic triglyceride accumulation, 
ablation of prolactin receptors might be a newer therapeutic solution for NAFLD [36].

16.6	� NAFLD and Hypercortisolism

Increased levels of circulating glucocorticoids (GCs) promote hepatic gluconeogen-
esis and reduce insulin sensitivity, favoring accumulation of visceral and hepatic fat, 
dyslipidemia, diabetes, and arterial hypertension. However, rather locally available 
GCs appear to be most responsible for the metabolic syndrome components than 
high-circulating free corticoid levels [37]. As proof, as showed by a study assessing 
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the prevalence of steatosis in patients with Cushing’s syndrome (CS), only 20% of 
patients had liver steatosis on computed tomography findings [38]. Moreover, in 
NAFLD, no evidence for concomitant Cushing-like syndrome was found, despite 
proofs concerning increased urinary free cortisol levels and decreased dexametha-
sone suppression of serum cortisol [39]. Thus, a key role was attributed to the spe-
cific pre-receptor enzyme 11β-hydroxysteroid dehydrogenase-1 (11β-HSD 1), 
which catalyzes the conversion of inert cortisone in cortisol (the active form of 
cortisone), in visceral fat tissue and in the liver.

In addition, an interesting adaptive mechanism was stipulated in cortisol metabo-
lism, in relationship to progressive NAFLD. During the stage of simple steatosis, 
there are local decreased levels of cortisol due to a higher clearance, restricting lipid 
accumulation, while in NASH stages, there is an increased activity of 11β-HSD 1, 
limiting hepatic inflammation [40]. In therapeutic implications terms, 11β-HSD 1 
inhibition might be beneficial in early stages, by deduction of local cortisol levels, 
while if NASH is already present, the inflammatory response might be wors-
ened [37].

16.7	� NAFLD and Polycystic Ovarian Syndrome

Polycystic ovary syndrome (PCOS) is one of the most common endocrine, repro-
ductive, and metabolic disorders in women characterized by hyperandrogenism, 
polycystic ovaries, and anovulation [41]. Clinically, PCOS is manifested by infertil-
ity, anovulatory menstrual cycles, and hirsutism. The prevalence of NAFLD is sig-
nificantly higher in women with PCOS, and its pathogenesis can be associated with 
risk factors such as hyperandrogenemia, obesity, chronic low-grade inflammation, 
insulin resistance, and genetic factors [42].

PCOS has been linked to many complications such as metabolic syndrome, car-
diovascular disease, and obstetric and psychological disorders. Lately, many studies 
have shown that there is a connection between PCOS and nonalcoholic fatty liver 
disease, especially since the risk factors of NAFLD are also comorbidities found in 
PCOS [43]. For the first time, Brown et al. described NAFLD after liver biopsy in a 
24-year-old female patient with PCOS, obesity, no diabetes, no known liver disease 
or alcohol drinking, and persistently elevated transaminases [44].

Many studies showed an NAFLD prevalence of 35–70% in women with PCOS, 
indifferent of the concomitance of obesity, compared to 20–30% in age- and body 
mass index (BMI)-matched control women [45]. In 2007, it was stated that women 
with NAFLD of reproductive age should be investigated for PCOS, which necessi-
tated liver evaluation [46]. A little later, a prospective study showed that 10 of 14 
women with NAFLD of reproductive age (half with NAFLD demonstrated by liver 
biopsy) had associated PCOS according to the Rotterdam criteria [47].

Currently, there is no clearly established management of NAFLD in PCOS. Studies 
on the treatment of NAFLD in PCOS mainly include lifestyle modification, phar-
macological therapy, and bariatric surgery [48]. The main treatment for PCOS and 
NAFLD is lifestyle modification, which includes diet control and regular exercise to 
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achieve weight loss. By changing the lifestyle, it is possible to reduce weight, 
decrease hyperandrogenism, and increase insulin sensitivity in women with PCOS 
[49]. A 6-week study on dietary modification for 18 women with anovulatory PCOS 
demonstrated that dietary restriction led to a decrease in body fat, regulation of 
menstrual cycles, and a decrease in alanine aminotransferase (ALT) levels in women 
with PCOS [49].

The main pharmacological treatments identified in clinical trials are represented 
by metformin, thiazolidinediones, GLP1 receptor agonists, spironolactone, and 
nutritional supplements (omega-3 fatty acids, vitamin E supplements). It has been 
shown to improve liver function and histological appearance, the main common 
mechanism to reduce lipid aggregation in PCOS [50].

Metformin acts by activating the AMP-activated protein kinase (AMPK), result-
ing in the inhibition of glucose, lipid, and protein synthesis, as well as cell growth, 
on the one hand, and the stimulation of fatty acid oxidation and glucose absorption 
on the other hand [51]. Thiazolidinediones, as PPARγ agonists, have been widely 
accepted in the treatment of NASH because they increase hepatic insulin sensitivity, 
improve ALT and GGT levels, and decrease hepatocyte histological damage and 
fibrosis. However, the use of thiazolidinedione in women with PCOS is limited by 
its cardiovascular and weight gain side effects [52]. Liraglutide, the main GLP1 
receptor agonist, improves insulin resistance, reduces free testosterone levels, and 
improves menstrual cycle and ovarian function in women with PCOS. At the same 
time, liraglutide reduced liver fat content by 44%, visceral adipose tissue by 18%, 
and prevalence of NAFLD by two-thirds in these patients [53]. Spironolactone 
reduces serum free fatty acid levels in PCOS, reduces hepatic triglyceride accumu-
lation, and causes attenuation of lesions in NAFLD [54]. Bariatric surgery has 
proven useful in the management of obese women with PCOS because it can reduce 
body weight and improve glucose metabolism and dyslipidemia in obese PCOS 
patients [55].

In conclusion, there is ample evidence that PCOS may increase the prevalence of 
NAFLD.  Therefore, screening for NAFLD should be implemented in PCOS 
patients, especially those with an insulin resistance profile.

16.8	� NAFLD and Hypogonadism

Hypogonadism is defined as an inherited or acquired pathological state character-
ized, in both male and female subjects, by lower reproductive function [56]. 
Hypogonadism can be of primary or secondary cause. Primary or peripheral, 
gonadal hypogonadism (hypergonadotropic) is defined by an inadequate response 
of the gonads to gonadotropins, which results in a decrease in the level of sex hor-
mones and an increase in the level of gonadotropins [follicle-stimulating hormone 
(FSH) and luteinizing hormone (LH)]. Secondary or central hypogonadism (hypo-
gonadotropic) is defined by the inability of the pituitary gland or hypothalamus to 
produce enough LH and FSH, which causes low concentrations of sex hor-
mones [57].
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Currently, many studies have demonstrated a bidirectional relationship between 
hypogonadism and NAFLD in both sexes. A cross-sectional study that included 
nonalcoholic male patients reported a significantly lower serum testosterone level in 
those with NAFLD compared to patients without NAFLD [58].

At the same time, it was shown that men with hypogonadism who received hor-
mone replacement therapy had an improvement in NAFLD status and patients with 
prostate neoplasm and hypogonadism secondary to androgen deprivation therapy 
have a higher risk of NAFLD [59].

Similarly, in female patients with hypogonadism, it has been shown that there is 
an increased prevalence of NAFLD manifested biologically by the permanent 
increase of liver enzymes [60].

In recent studies, estrogen deficiency in hypogonadism or postmenopausal 
women was associated with an elevated NAFLD prevalence [61]. Long-term estro-
gen deficiency was proved to be a risk factor for advanced hepatic fibrosis [62].

The mechanisms that explain the presence of NAFLD in patients with hypogo-
nadism are complex. Recent data showed that visceral adiposity, estrogen defi-
ciency, reduced dehydroepiandrosterone levels, decreased insulin resistance, and 
microbiota disorders leading to lower androgen hormones are factors involved in 
the NAFLD development and the progression of liver lesions [63]. General thera-
peutic measures consist of changing the lifestyle, which includes a balanced diet 
and regular physical exercises. The specific treatment consists of the administration 
of testosterone for men with hypogonadism, and estrogen replacement therapy in 
the case of women.

In conclusion, there is a complex relationship between androgens and NAFLD, and 
understanding the molecular mechanism of androgens in the liver can help to discover 
therapies that are based on the mechanisms found in the occurrence of NAFLD.
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17Nonalcoholic Fatty Liver Disease 
and Extrahepatic Malignancies

Tudor Cuciureanu, Anca Trifan, and Carol Stanciu

17.1	� Introduction

Nonalcoholic fatty liver disease (NAFLD) is a common cause for diagnosis of 
chronic liver disease, characterized by rapid accumulation of fat in the hepatocytes. 
Nowadays, we assist at an increasing number of patients diagnosed with this pathol-
ogy; its prevalence reaches 25% in adults and about 10% in children. It is found that 
NAFLD can be present even in nonobese patients, and its prevalence can vary from 
25 to 50% in some countries [1].

NAFLD affects the function and structure of the liver, and it is associated with 
liver failure, cirrhosis, and hepatocellular carcinoma. The burden of NAFLD is not 
confined only to the liver complication; it is also associated with extrahepatic malig-
nant complications such as colorectal cancer (CRC); esophageal, gastric, pancre-
atic, and kidney cancer in men; and breast cancer in women [2, 3].

17.2	� Mechanism of NAFLD

The presence of steatosis has two basic mechanisms that take place in the hepa-
tocyte. Increased accumulation of fatty acids from adipose tissue is a major 
contributor to fat storage, accelerated lipogenesis, and free fat accumulation 
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from outsource dietary regime and reduced output due to decrees in fat oxida-
tion are the main psychopathological mechanisms. Obesity, insulin resistance, 
and type 2 diabetes are major contributors to NAFLD. The key mechanism that 
ignites the inflammation in the hepatocyte that contributes to conversion from 
simple steatosis to steatohepatitis is still controversial. Many authors consider 
that there is a direct relation between insulin resistance and NAFLD, in obese or 
nonobese patients [4, 5]. A recent meta-analysis presents a different point of 
view, wherein NAFLD is associated with twofold higher risk in developing type 
2 diabetes [6].

Current evidence suggests that hyperinsulinemia is a process that is initiated first 
in obese patients. It is considered a normal response in order to maintain normal 
glycemic levels in blood. High levels of insulin can be found years before the onset 
of diabetes mellitus [7]. Initial storage of fat is in the adipose tissue, predominantly 
subcutaneous, and excess will be deposited and form visceral adipose tissue in the 
liver [7].

17.3	� NAFLD and Colorectal Cancer

NAFLD is associated with the presence of metabolic syndrome, insulin resistance, 
and even type 2 diabetes. Obesity is frequently associated with NAFLD, and it is 
well known that obese people have higher risk for digestive malignancies such as 
CRC [1].

According to the GLOBOCAN data, CRC is the third leading cause of death, 
with 1.9 million new CRC cases and 930,000 deaths estimated in 2020 [8].

In the interrelation between NAFLD and obesity, the mechanism is partially 
known and systemic changes are related to obesity, including insulin levels, adipo-
nectin, adipokines, and circulating free fatty acids, which increase hepatocyte lipid 
storage. Some underlying conditions such as inflammatory bowel disease, diet con-
sisting of low vegetable and increased red meat consumption, obesity, and family 
history of colorectal malignancies represent additional risk factors for CRC. NAFLD 
was associated with the presence of colorectal adenomas, which can be considered 
premalignant lesions [9].

The first data showing an interrelation between NAFLD and an increased risk 
for adenomatous polyps appeared with Hwang et  al.’s study. A cohort of 2917 
patients were included and examined by colonoscopy, abdominal ultrasound, and 
liver tests. The group was divided into two (patients with adenomatous polyps 
559, and normal group 2361 patients). The result was remarkable showing that 
41.5% of the patients with adenomatous polyps had also been diagnosed with 
NAFLD. On the opposite side in the normal group, NAFLD had a prevalence of 
30.2%. This study highlighted that NAFLD was associated with a greater risk of 
colorectal adenomas [10].
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Interest for finding a relation between patients with NAFLD and CRC increased, 
and as a confirmation of Hwang study, a larger cohort of Korean women were 
screened for NAFLD and adenomatous polyps. A total of 5.517 women were 
included in the study. The result shows that the incidence of adenomas and CCR 
was two times higher in the NAFLD group compared with controls [11].

Emerging from the definition of NAFLD, the presence of histological nonalco-
holic steatohepatitis (NASH) can relate to an increased incidence in colorectal ade-
nomas. It is proven that NASH patients have a higher incidence of CRC compared 
to those with simple steatosis (51.0% vs. 25.6% and 34.7% vs. 14.0%) [12]. 
Contrasting results can be found in other studies. Two studies have showed lack of 
association between NAFLD and colorectal adenomas. One study did not find a 
higher incidence of colorectal adenomas in the NAFLD patients enrolled; on the 
other hand, CRC was correlated with the presence of insulin resistance in some 
patients [13]. The other observational study enrolled 233 patients who underwent 
screening colonoscopy. Patients were stratified in those with NASH and those with 
steatosis, based on a previous liver biopsy. After colonoscopy evaluation, compar-
ing the findings with a control group without NAFLD, the researcher observes no 
difference in colonic adenomas when compared with NAFLD group [14]. Results 
of several studies showing association between NAFLD and adenomas of CCR are 
summarized in Table 17.1.

Table 17.1  Studies that associated nonalcoholic fatty liver disease with adenomas or colorec-
tal cancer

Author, year 
of 
publication Study design Patients enrolled

Diagnosis of 
NAFLD Results

Lin et al. 
[15]

Retrospective 263 NAFLD vs. 
2052 non-NAFLD

Ultrasonography Adenomatous 
polyps’ prevalence: 
32% vs. 21%

Lee et al. 
[11]

Retrospective 5517 women
831 NAFLD vs. 
4686 non-NAFLD

Ultrasonography 
and liver biopsy

Adenomas 
prevalence: 24.4% 
vs. 25.1%

Huang 
et al. [16]

Retrospective 216 with colorectal 
adenoma vs. 1306 
without colorectal 
adenoma

Ultrasonography Prevalence: 55.6% 
vs. 38.8%; p < 0.05

Hwang 
et al. [16]

Cross-
sectional

2917 patients who 
underwent routine 
colonoscopy (556 
with polyps vs. 2361 
without polyps)

Ultrasonography NAFLD prevalence: 
41.5% vs. 30.2%

Ahn et al. 
[17]

Retrospective 26,540 subjects 
evaluated by 
colonoscopy

Ultrasonography NAFLD was 
associated with 
colorectal neoplasia 
(adjusted OR, 1.10; 
95% CI 1.03–1.17)
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17.4	� Gastric and Esophageal Cancer and NAFLD

Gastric cancer is the fifth deadliest cancer worldwide according to GLOBOCAN 
updated in 2020. It accounted for 1,000,000 new cases and 769,000 deaths world-
wide. It follows only lung cancer and CRC in overall mortality, and it is considered 
in many cases as a preventable form of cancer due to its risk factors [18].

It is more prevalent in males compared to females and has a higher incidence in 
developed countries. In some regions on the globe, it is the number one cancer diag-
nosed in males. Mortality rates associated with gastric cancer are higher in males 
and in the regions with high incidence such as Asia and Latin America. Due to 
limited treatment options, preventing gastric cancer still remains the solution for 
reducing mortality rates [19].

Gastric cancer can be classified into two forms due to anatomic localization of 
the neoplasia and its risk factors. Smoking and obesity, which are well-known risk 
factors, are attributed to cardia form of gastric cancer. Helicobacter pylori and obe-
sity remain the risk factors for noncardia forms [20, 21].

Despite the fact that a direct link between NAFLD and gastric cancer cannot be 
established, obesity as a component of the metabolic syndrome has been attributed 
along time to a higher incidence in stomach neoplasia. A total of 22 studies were 
included in a meta-analysis conducted by Turati et al. The results showed a total of 
8000 cases with esophageal and gastric adenocarcinoma. Body mass index (BMI) 
was a correlating factor for cases with the diagnosis of esophageal and gastric ade-
nocarcinoma. The overall relative risk (RR) was 1.71 for BMI between 25 and 30. 
Patients found with this neoplasia and BMI over 30 had RR of 2.34 (95% CI 
1.95–2.81) [22].

Taking into consideration the influence of the metabolic syndrome and obesity as 
carcinogenic risk factors, there should be a connection between NAFLD and occur-
rence of gastric cancer. An interest for setting a connection between NAFLD and 
gastric cancer was seen in a Turkish study. A total of 1840 patients were included. 
All the patients underwent upper gastrointestinal endoscopy. A total of 14 cases of 
distal gastric cancer were found. The results showed that a higher incidence of 
NAFLD was found in the gastric cancer patients, compared with the average inci-
dence in the Turkish population [23].

Esophageal cancer is the sixth deadliest cancer worldwide accounting for 
604,000 deaths in 2020. It is predominant in men with a threefold difference in 
incidence between genders. Although some regions in the world such as Eastern 
Asia have a higher incidence compared to other regions, the question remains as 
regards if there are new risk factors that can be attributed to esophageal cancer [18].

One-third of the cases of esophageal cancer are represented by adenocarcinoma. 
Among dietary risk factors for esophageal adenocarcinoma, obesity was associated 
with a higher prevalence of esophagus neoplasia. In high-income countries, because 
of dietary habits and excess trans-fat food, gastroesophageal reflux, and obesity, a 
higher incidence of esophageal adenocarcinoma is diagnosed [24, 25].

A potential link between NAFLD and esophageal cancer was set by Lee et al. 
who investigated a possible association between NAFLD and gastrointestinal tract 
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cancers. The study design was retrospective and enrolled using the National Health 
Care database, 8,120,674 patients. Out of all, 11.5% had NAFLD. Fatty liver index 
greater than 60 was associated with esophageal (HR 2.10, 95% CI 1.88–2.35), 
stomach (HR 1.18, 95% CI 1.14–1.22), and colon cancer (HR 1.23, 95% CI 
1.19–1.26) after multivariable adjustment. All-cause mortality was increased in 
patients with NAFLD and fatty liver index greater than 60 [26].

17.5	� NAFLD and Pancreatic Cancer

Pancreatic cancer is a worldwide health burden, the seventh leading cause of 
global cancer mortality, mostly in developed countries. The statistics issued by 
GLOBOCAN 2020 estimate that pancreatic cancer is the 11th most common 
cancer in the world, with 456,918 new cases each year and a total of 432,242 
deaths worldwide. The etiology of pancreatic cancer is not well known, although 
some risk factors such as age over 50  years, male gender, ethnicity, diabetes 
mellitus, genetics, and smoking can represent causes for diagnosing this neopla-
sia [19].

In 2007, the World Cancer Research Fund Panel study showed that increased 
BMI can represent a modifiable risk factor for pancreatic neoplasia [27]. Obesity, 
depending on the severity, can represent an additional risk factor for pancreatic 
cancer. A meta-analysis showed a correlation between waist circumference and 
incidence of pancreatic cancer. An RR of 1.11 was found for every 10 cm above 
normal waist circumference (95% Cl 1.05–1.18) [28].

Chang and collaborators showed in an observational study that NAFLD can be 
considered an independent risk factor for pancreatic cancer. Patients without 
NAFLD had longer survival rates compared with non-NAFLD patients [29]. Further 
studies are needed to highlight the relation between NAFLD and pancreatic cancer.

17.6	� NAFLD and Breast Cancer

Out of all malignancies, breast cancer is the most common cancer in women, and it 
is a leading cause of death-related malignancies in women. According to the latest 
statistics, 5-year survival rate in advanced forms with metastasis is less than 30%, 
despite the advanced new chemotherapy [30].

International Agency for Research on Cancer reported over 2.3 million new 
cases from 185 countries, an aspect that reveals that this malignancy is a worldwide 
health burden. It has a higher incidence in developed countries compared to low-
income areas (Kashyap 2022).

Several risk factors have been associated with breast cancer in women and in 
men. Early puberty and menarche, late childbirth, lactation failure, and hereditary 
causes are the main risk factors of breast cancer onset in women. Other risk factors 
common in both genders are smoking, obesity, lack of physical exercise, and alco-
hol consumption [31].
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The interrelation between obesity and diagnosis of NAFLD in these patients 
started a general concern linking NAFLD to extrahepatic malignancies such as 
breast cancer. Therefore, several studies investigated this association between 
NAFLD and breast cancer in both genders, regardless of the higher incidence 
in women.

Kwak and Collaborators conducted a case-control study in order to investigate 
the interrelation between NAFLD and breast cancer in women. A total of 540 
patients were included, out of which 270 women were diagnosed with breast cancer 
and 270 were controls. The results revealed that 81 cancer patients and 54 controls 
had NAFLD. When obesity was correlated with NAFLD, the multivariate analysis 
(p = 0.046) showed a strong association with breast cancer cases. Also, NAFLD was 
associated with breast cancer and nonobese cases. The study highlighted that 
NAFLD can be considered an important risk factor for breast cancer in obese and 
nonobese women [32].

NAFLD can also be considered a bad predictor for long-term survival in patients 
with breast cancer after they received curative treatment. Lee et al. persuade this 
idea in a recent study, which enrolled 1587 patients with breast cancer between 
2007 and 2017 and a control healthy group (n = 123). Prevalence of NAFLD in the 
breast cancer group was 15.8% (251/1587), compared with controls 8.9% (11/123). 
NAFLD was considered a good predictor for poor prognosis in breast cancer recur-
rence after hormonal or surgical treatment [33].

17.7	� NAFLD and Kidney Cancer

Besides traditional risk factors such as smoking and dietary habits, some compo-
nents of the metabolic syndrome may be responsible for the occurrence of kid-
ney cancer.

Kidney cancer is an insidious neoplastic, responsible for more than 2% of the 
oncological cases worldwide. It has a higher incidence in developed countries, and 
the number of cases doubled in the latest years. Under 10% of the cases are diag-
nosed after they present clinical symptoms such as pain, hematuria, and weight loss. 
Most of the cases are diagnosed after routine computed tomography or magnetic 
resonance [34].

In the latest guidelines, two of the metabolic components, obesity and hyperten-
sion, are stated as risk factors.

Recent studies tried to verify if metabolic syndrome and NAFLD are major con-
tributors to kidney cancer. A European study tried to set a direct relationship between 
metabolic risk and renal cancer. The metabolic score based on BMI, hypertension, 
triglycerides, and glucose was associated with a higher risk of kidney cancer [27].

Few studies in the literature have researched the link between NAFLD and renal 
cancer. A breakthrough was in 2003 when a Danish study made on the Danish popu-
lation associated a higher risk for kidney cancer in patients with NAFLD. In 2020, 
Wang and Collaborators tried to verify if NAFLD can be considered an independent 
risk factor for kidney cancer. Out of 54,187 men enrolled in the study, 32.3% had 
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NAFLD. A significant correlation was seen between men with NAFLD and kidney 
cancer without diabetes mellitus, HR of 1.57 (1.03–2.40, P = 0.04). Patients without 
diabetes and NAFLD had an additional risk for kidney cancer probably because of 
obesity-related disorders. In the group with diabetes, insulin resistance and inflam-
mation are also etiological factors for renal cancer [35].
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18Psychological Burden of NAFLD 
and Psychiatric Disorders 
as Extrahepatic Manifestations

Oana Petrea, Gabriela Stefanescu, and Cristinel Stefanescu

18.1	� Introduction

Nonalcoholic fatty liver disease (NAFLD) represents an important global health 
issue with a prevalence of approximately 25–30% worldwide with variability 
depending on the studied population or diagnostic criteria used [1]. This prevalence 
is intended to increase in addition to the rising incidence rates of metabolic syn-
drome (MetS) and obesity [2, 3]. The prevalence of NAFLD-related advanced 
hepatic fibrosis, which leads to increased mortality risk due to liver cirrhosis com-
plications, is also steadily increasing [4]. Therefore, NAFLD could become the 
most frequent indication for liver transplantation in the near future [1].

Nonalcoholic fatty liver disease is characterized by excessive hepatic fat accu-
mulation. This is defined as the presence of steatosis in >5% of hepatocytes accord-
ing to histological criteria [5]. It is associated with insulin resistance, and along with 
abdominal obesity, high blood pressure, hyperglycemia, elevated triglycerides, and 
low high-density lipoprotein cholesterol play a major role in high-risk mortality 
associated with MetS [5]. In addition, recent studies demonstrated a significant 
association between major psychiatric disorders, such as bipolar disorder, depres-
sive disorder, or schizophrenia, and MetS, partly due to specific psychotropic medi-
cation used and an unhealthy style of living [6].
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On the other hand, more and more evidence indicates that depression is associ-
ated with increased risk of mortality, as well as different multiple diseases, espe-
cially obesity, hypertension, diabetes, and stroke. These entities are also frequently 
associated with NAFLD [7, 8]. Still, the real and veridical relationship between 
psychiatric disorders and NAFLD remains uncertain. According to previous studies, 
the reported results were contrasting [9, 10].

In agreement with recent data, it seems that there is a complex, bidirectional 
relationship between NAFLD and metabolic diseases, a relationship that could 
be extrapolated to cognitive disorders also [11]. Some peculiarities of the MetS 
as inflammation, endothelial dysfunction, and atherosclerosis, have frequently 
been related to cognitive disturbances, which has given birth to the notion of the 
metabolic cognitive syndrome [12]. These are all characteristics also related 
with NAFLD, but it is unsettled if NAFLD itself generates cognitive 
dysfunction.

Because of the strong associations between metabolic syndrome and NAFLD, 
the full spectrum of risk factors and the underlying mechanisms that relate them are 
currently under continuous research [13, 14].

Despite the above-noted associations, and although high prevalence rates of such 
mental disorders have been identified among patients with NAFLD, less work has 
focused on the potential relationship between NAFLD and mental health [14, 15]. 
Given the aforementioned close links between NAFLD and metabolic syndrome, 
the potential bidirectional associations between NAFLD and common mental health 
disorders that may coexist in patients with NAFLD are worth further analysis. In 
this context, this review aims to discuss the main mechanisms involved in NAFLD 
and psychiatric disorders, by emphasizing the presence of a bidirectional relation-
ship that links the two entities.

18.2	� Epidemiology of NAFLD in Psychiatric Patients

Nonalcoholic fatty liver disease (NAFLD) remains an important worldwide health 
problem with a prevalence estimated at 25–30%, but it is variable across countries 
and depending on diagnostic tools used. Currently, it is considered to develop in 
24% of the general population in Europe and the USA, 30% in South America, 32% 
in the Middle East, and 27% in Asia [16].

Epidemiologic data regarding the prevalence of NAFLD in patients diagnosed 
with psychiatric illnesses are contrasting. First of all, there are some studies that 
reported an increased prevalence of depression/anxiety in patients with NAFLD/
NASH [17]. Secondly, there is a much greater evidence regarding the incidence of 
NAFLD in patients with mental disorders. In this regard, Weinstein et al. identified 
a higher prevalence of NAFLD/NASH in patients with depression, compared to 
general population and patients with viral hepatitis B [18].

On the other hand, both NAFLD and NASH were reported as having a higher 
prevalence among patients diagnosed with bipolar disorders and schizophrenia [19]. 
In the study published by Fuller et  al. patients with schizophrenia had a higher 
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prevalence of NAFLD. The main risk factors for NAFLD were hypertriglyceride-
mia (OR = 2.07) and presence of schizophrenia itself (OR = 4.93) [20].

Likewise, Yan et al. in a large cross-sectional study comparing young males with 
schizophrenia with young males from the general population without schizophre-
nia, demonstrated a significantly higher prevalence of NAFLD of up to 49.5% in the 
study group compared to 20.1% in the control group. The risk factors linked to 
NAFLD were triglyceride serum levels, BMI, medication, and drug dosage [21].

Evidence data suggest that NAFLD/NASH are more prevalent among males. As 
a matter of fact, gender differences were also reported in most psychiatric distur-
bances, such as schizophrenia, which is more common in males [22].

Regarding the connection between NAFLD and various mental disturbances, 
numerous studies pointed to an important relation among patients with NAFLD and 
memory impairment [23, 24]. As such, Seo et  al. after analyzing data from the 
National Health and Nutrition Examination Survey that included 874 NAFLD 
patients, reported a clear association between NAFLD and impaired memory and 
attention, along with alteration of psychomotor function [23]. However, Weinstein 
et al. identified no independent association of NAFLD with cognitive dysfunction 
after evaluating cognitive function in 378 patients with NAFLD [24].

While the total prevalence of chronic liver diseases in patients with mental ill-
nesses is not fully known [25], the prevalence of MetS in schizophrenic or bipolar 
patients is very high, ranging from 22 to 42%, compared to nonpsychiatric popula-
tion control group. Thus, the existing literature evidence warrants further research 
aiming to clarify the potential associations and relationship between psychiatric 
disorders and NAFLD [16].

18.3	� Pathophysiology of NAFLD and Psychiatric Disorders

NAFLD is considered a multisystemic disease and, along with diabetes mellitus 
type 2 and obesity as part of MetS, shares some similar and common risk factors 
and pathophysiological mechanisms. As such, there is more and more evidence 
regarding bidirectional relationship between NAFLD and psychiatric disorders, 
with some common factors like genetics, intestinal dysbiosis, inflammation with 
mitochondrial dysfunction, chronic stress, and psychological and lifestyle fac-
tors [16].

18.3.1	� Genetic Common Factors

Genome-wide association studies have identified a few genetic loci linked to regula-
tion of lipid metabolism, inflammation, and oxidative stress. Among them, adiponu-
trin plays a significant role in regulating glucose and fatty acid metabolism, being 
associated with bipolar disorder and NAFLD, according to Kenneson et al. [26]. 
Likewise, it seems that microRNA has an important role in signaling cellular stress, 
and it was positively related to NAFLD evolution. In fact, microRNA is responsible 
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for regulating hepatic lipogenesis, and it was found to be elevated in serum patients 
with NAFLD. Obviously, the same microRNA was found to have higher levels in 
patients with bipolar disturbances, suggesting that there is an important link between 
NAFLD and psychiatric disorder pathogenesis [27].

18.3.2	� Inflammation and Mitochondrial Dysfunction

Mitochondria are considered the area responsible for free fatty acid oxidation, thus 
playing a significant protective role against fatty acid accumulation. Due to the pro-
inflammatory state of patients with NAFLD/NASH, mitochondria suffer a metabo-
lism dysregulation, responsible for the development of excessive oxidative species 
[16]. Similarly, mitochondria dysfunction, chronic inflammation, and oxidative 
stress (Fig. 18.1) are considered involved in the pathogenesis of psychiatric disor-
ders like schizophrenia, depression, and autism [28].

18.3.3	� Chronic Stress and Hypothalamic–Pituitary–Adrenal Axis

Multiple studies highlighted the fact that chronic stress can determine a hyper-
activation of the hypothalamic–pituitary–adrenal axis (HPA) with close association 
with obesity and MetS, respectively. HPA axis is responsible for stress regulation, 
by releasing or not glucocorticoids. It is a well-known fact that glucocorticoids can 

Fig. 18.1  Bidirectional pathophysiological relations between NAFLD and psychiatric disorders. 
miRNA microRNAs, NAFLD nonalcoholic fatty liver disease, HPA hypothalamic–pituitary–adre-
nal. (Created with Biorender.com, adapted from Soto-Angona et al. [16])
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increase hepatic gluconeogenesis and lipolysis, thus promoting visceral fat accumu-
lation. As such, these constant metabolic effects are associated in time with central 
obesity, insulin resistance, and also development and advancement of NAFLD [17].

18.3.4	� Gut Microbiota Dysbiosis

There is a lot of evidence regarding the association of gut microbiome with the 
development of neuropsychiatric and psychological disturbances, especially with 
dementia and depression, through an inflammatory dysregulation mediated by bac-
terial fragments [29]. Similarly, the gut microbiome is influenced by lifestyle fac-
tors like diet, which can determine dysbiosis and an inflammatory process with a 
greater impact on mental and physical health, by promoting obesity. In this regard, 
gut dysbiosis in obesity-related metabolic diseases may be involved in the patho-
genesis between NAFLD and mental disorders like depression, anxiety, cognitive 
impairments, and chronic stress [30].

18.3.5	� Lifestyle Factors

Unhealthy lifestyle habits, like having diets rich in complex carbohydrates and satu-
rated fats, and drug use, along with a lack of physical exercise, have a greater impact 
on physiological and mental health, by being associated with an elevated risk of 
NAFLD/NASH. The other way around, patients with psychiatric disorders can have 
behavior disturbances associated with the risk of developing NAFLD. According to 
Stewart et al. low consciousness and high neuroticism were associated with weight 
gain and higher risk for NAFLD [31].

18.4	� NAFLD and Psychiatric Disorders

As previously mentioned, strong scientific evidence is now available demonstrating 
the increased risk of metabolic syndrome in patients with mental disorders. Because 
NAFLD is the hepatic manifestation of metabolic syndrome, it is expected that 
NAFLD is more common among people with mental disorders [32].

In the following, aspects related to the most studied associations between 
NAFLD and psychiatric conditions (depression, anxiety, and cognitive disorders) 
are briefly presented.

18.4.1	� The Relationship Between Metabolic Syndrome (MetS) 
and Depressive/Anxiety Disorders

It is known that patients with depressive and/or anxiety disorder frequently have 
metabolic syndrome and are at increased risk of developing cardiovascular disease.
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A potential bidirectional causal relationship can be suspected because depression 
can promote metabolic syndrome, while factors related to metabolic syndrome 
(psychological factors: obesity-related stigma, and biological factors: increased 
activation of pro-inflammatory pathways), can lead to depression [33, 34].

It is possible that one of the important risk factors in this association is excessive 
alcohol consumption, commonly found in patients with depression/anxiety along 
with other unhealthy eating habits and sedentary lifestyle [35].

At the same time, there are numerous studies that have demonstrated positive 
associations between metabolic syndrome and anxiety, indicating that, in addition 
to depression, anxiety is significantly more prevalent in people with metabolic syn-
drome compared to the general population [36, 37].

18.4.2	� Depression/Anxiety and NAFLD

In a study by Youssef et al. the potential association between depression/anxiety and 
histological features of NAFLD was studied. Subclinical depression was identified 
in 53% of these patients, and overt depression was observed in 14%. Similarly, 
subclinical and clinical anxiety were observed in 45% and 25% of these patients, 
respectively. Furthermore, this study identified a positive association between the 
degree of steatosis and depression in patients with NAFLD [38].

Although the exact mechanisms underlying these associations remain unclear, it 
is noteworthy that clinical and lifestyle variables (including BMI, diabetes, and 
female gender), and hypertension were associated with both depression and anxiety 
severity [38].

An important point for clinical practice is that depressive disorders can have a 
significant impact on treatment outcomes in patients with NAFLD.  This was 
reported by Tomeno et al. who looked at the effects of a lifestyle intervention in 
NAFLD patients with and without major depressive disorder (MDD). Patients with 
NAFLD and MDD showed a poor response with less effective treatment outcomes. 
The poor adherence/outcomes seen in these patients could be due to psychological 
factors related to depression, including effects on memory. This suggests that more 
complex individualized lifestyle modification programs may be needed in patients 
presenting with both NAFLD and MDD [39].

In summary, the abovementioned aspects argue for a bidirectional association of 
depression/anxiety with the occurrence and severity of NAFLD.

18.4.3	� The Relationship Between Cognitive Impairment 
and NAFLD

In recent years, cognitive impairment has been increasingly interpreted as a compli-
cation of NAFLD. Memory, attention, concentration, and confusion problems have 
been identified in 70% of patients with nonalcoholic fatty liver disease [15, 40].
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In a few small studies, the relationship between the severity of liver disease 
and the degree of cognitive impairment has been investigated, and it has been 
shown that there is a directly proportional relationship between them [23, 24]. In 
this sense, Felipo et  al. showed that no cognitive impairment was found in 
patients with simple steatosis. In contrast, NASH patients in pre-cirrhotic stages, 
but with systemic inflammation and hyperammonemia, performed poorly on all 
subtests of the test used for the diagnosis of portosystemic encephalopathy (PSE) 
[41]. These findings suggest that simple steatosis per se is not an independent 
risk factor for cognitive dysfunction and the factors associated with more severe 
forms of the disease (e.g., hyperammonemia and systemic inflammation), are 
involved in the pathogenesis of cognitive impairment [41]. Systemic inflamma-
tion, vascular damage, and atherosclerosis are components of the metabolic syn-
drome and are characteristics of NAFLD.  At the same time, they are closely 
associated with cognitive impairment, which justifies the term metabolic cogni-
tive syndrome [12].

In addition, NAFLD patients also show disruption of gut microbiota and hepatic 
urea synthesis, leading to ammonia accumulation even in pre-cirrhotic stages [42]. 
These aspects, in the context of systemic inflammation, are the main changes at the 
level of the brain–intestinal axis and represent the most important mechanisms 
involved in hepatic encephalopathy that occurs in severe liver disease [43]. On the 
other hand, diabetes and obesity as independent factors, and mainly the metabolic 
syndrome, are currently considered as important risk factors for mild cognitive dis-
orders but also for the onset of dementia [44, 45].

Another link between nonalcoholic fatty liver and cognitive impairment is 
through other mental disorders. As mentioned above, anxiety and depression are 
frequently associated with dysmetabolic liver disease while affecting cognitive pro-
cesses (memory, attention, and executive function) [46, 47].

All these mechanisms involved both in the pathogenesis of nonalcoholic fatty 
liver disease and in cognitive impairment justify the hypothesis that the two condi-
tions are independently associated. In this context, the increased prevalence of 
NAFLD and the potential negative impact on cognitive function may generate sig-
nificant social and economic costs.

18.5	� Diagnosis

Due to the increased prevalence of NAFLD and NASH among patients with psychi-
atric disorders, this pathology needs to be considered when evaluating such patients, 
and their specific impact needs to be further investigated. Diagnosis is currently 
based on imaging (liver ultrasound, MRI ultrasound, elastography, etc.) and 
histology.

Figure 18.2 shows a diagnostic algorithm for NAFLD in patients with psychiat-
ric pathology based on the guidelines of the American Association for the Study of 
Liver Diseases (AASLD).
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liver ultrasound

Incidental identification
of steatosis or

steatohepatitis through
imaging or liver biopsy

Patient with psychiatric disorder presenting with:
• psychiatric risk factors: psychopharmacological polytherapy or high doses,
 drug abuse {including alcohol}
• non-psychiatric risk factors: unhealthy lifestyle, obesity, metabolic syndrome,
 diabetes, drugs (amiodarone, antivirals, etc)
• symptoms suggestive of steatohepatitis – fatigue, sleepiness, abdominal pain
 or bloating, lack of appetite, itching., etc
• abnormal liver function (low platelets, elevated ALT/AST, altered coagulation,
 hyperbilirubinemia) unexplained hepato/splenomegaly

NAFLD ?

Yes

Inconclusive
results

Liver cirrhosis
confirmed

NASH NAFLD

Need for
Liver biopsy ?

No

Noninvasive assessment for liver fibrosis

Is NASH or Cirrhosis suspected ?
- persistent elevated AST/ALT
- comorbid conditions (obesity,
 diabetes,
 hypercholesterolemia, etc)

Ultrasound elastography (Fibroscan)
Magnetic resonance elastography

Fig. 18.2  Diagnostic algorithm for NAFLD and NASH in the psychiatric population. (Adapted 
from Soto Angona [16])
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18.6	� Therapeutic Principles in Patients with NAFLD 
and Associated Psychiatric Pathology

The first line of treatment in NAFLD and NASH is lifestyle change (healthy diet, 
weight loss, and physical activity). That is why NAFLD/NASH has been proposed 
as a cognitive-behavioral disorder [47]. However, in more advanced stages of liver 
disease, pharmacological treatment is also required, mainly insulin sensitizers or 
even more aggressive approaches such as bariatric surgery.

On the other hand, physical exercise, healthy diet, and weight loss substantially 
improve the course of many psychiatric diseases, improving cognitive functioning, 
negative symptoms, depression, or anxiety [47].

Another important aspect in the therapeutic management of patients with psychi-
atric disorders is the fact that, even if the impairment of liver function is not severe, 
many psychotropic drugs are metabolized by the liver and, as a result, their half-life, 
side effects, and metabolism could be altered.

On another note, given the previously mentioned common pathophysiological 
mechanisms, some therapeutic approaches proposed to correct the metabolic imbal-
ance underlying NAFLD might also be beneficial for psychiatric disorders. For 
example, a new insulin sensitizer that targets the newly identified mitochondrial 
pyruvate carrier could improve the metabolic pathways that lead to type 2 diabetes, 
inflammation, and oxidative stress and therefore could be helpful in both patholo-
gies [48].

Vitamin E, through its antioxidant effect, has recently been tested as a treatment 
with promising results for both NAFLD and some psychiatric conditions [49]. Also 
based on the correlation between unhealthy lifestyle and depressive symptoms, anti-
depressants could be used in the treatment of NAFLD, although they may have side 
effects that affect metabolism [50].

Statins are also an interesting therapeutic option for treating both NAFLD and 
psychiatric diseases. They have a role in lowering free cholesterol and have been 
found to protect against histological injury [51]. Because they have anti-inflammatory 
and antioxidant effects, they have also been proposed as adjunctive therapies for a 
number of psychiatric disorders [52].

Another interesting example of a common treatment is the cannabinoid receptor 
1, which modulates hepatic energy metabolism. The role of cannabinoid receptors 
in the development of psychiatric disorders is also widely studied, although evi-
dence remains limited and caution is advised [53].

Numerous studies are currently underway with various substances, some of 
which also have anti-inflammatory, neurotrophic, or neuroprotective properties 
[e.g., glucagon-like peptide-1 (GLP-1) analogs and peroxisome proliferator-
activated receptor (PPAR) agonists]. In the future, these could be therapeutic options 
for patients with NAFLD [54].

All the previously presented aspects suggest a direct or indirect relationship of 
NAFLD with a number of mental health problems (depression, anxiety, cognitive 
dysfunctions), thus expanding the spectrum of its potential pathophysiological 
associations.
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Mental disorders and cognitive impairment in patients with NAFLD are frequent 
and have a significant socio-psycho-economic impact by decreasing the quality of 
life and by the costs involved in the decrease in work productivity and the need for 
medical care. In this context, efforts must be made to identify and treat them early, 
even in patients who are not in advanced stages of liver disease.
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19Obstructive Sleep Apnea Syndrome 
and Nonalcoholic Fatty Liver Disease

Robert Nastasa, Carol Stanciu, Roxana Nemteanu, 
and Anca Trifan

19.1	� Introduction

Obstructive sleep apnea syndrome (OSAS) is a common disorder among patients 
with various conditions of the metabolic syndrome, such as hypertension, athero-
sclerosis, alteration of carbohydrate, or lipid metabolism (decrease in LDL choles-
terol, increase in HDL cholesterol, hypertriglyceridemia) [1]. OSAS has an 
estimated prevalence of 3–7%, but in obese patients, the rates are higher, reaching 
48% in men and 38% in women, indicating a slight difference in favor of the male 
sex [2, 3].

19.2	� Epidemiology

According to the recent WHO reports, it is estimated that about 2 billion adults are 
overweight, while 650 million are obese worldwide [4]. If current trends continue, 
it is expected that 2.7 billion adults will be overweight, over 1 billion affected by 
obesity, and 177 million adults severely affected by obesity by 2025 [5]. By 2030, it 
is predicted that 1 in 5 women and 1 in 7 men will be living with obesity [6]. As this 
silent epidemic extends globally, so does the prevalence of obesity-related chronic 
diseases, NAFLD and OSA, respectively. NAFLD is the fastest-growing obesity-
related noncommunicable disease and a strong predictor of liver and cardiovascular 
mortality [7]. The worldwide prevalence is currently estimated at 32.4%, and it is 
significantly higher in men compared to women (39.7% vs. 25.6%). The incidence 
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is estimated to be 46.9 cases per 1000 person-years [8]. About one-third of the 
European adult population has NAFLD [9]. Nevertheless, as obesity and metabolic 
syndrome are strongly associated with NAFLD, it is likely that its prevalence will 
continue to grow substantially over the next decade.

While OSA has multiple etiologic determinants, obesity remains its strongest 
phenotypic risk factor [10]. However, recent reports showed a strong association 
between steatosis and OSA severity, and 26% of patients with severe OSA patients 
have fibrosis [11]. OSA is estimated to affect 20–50% of ethnic populations world-
wide and up to 48–70% of obese populations [12]. In addition to being comorbid 
diseases of obesity, some observational studies have reported that OSA is indepen-
dently related to NAFLD [13]. Lu et al. found that among patients with NAFLD, 
64–87% have OSA with a prevalence of liver steatosis in the OSA cohort of 
73.9% [14].

19.3	� Pathophysiology

OSAS is characterized by chronic intermittent hypoxia that occurs during sleep, 
being induced by partial or complete airway obstruction, which occurs repeatedly 
[2]. This type of nocturnal hypoxia can vary considerably among subjects with 
OSA. Among those diagnosed with OSAS, some patients may have a high apnea-
hypopnea index (AHI) with relatively mild desaturations, while others may have 
few but more frequent intermittent hypoxic events, resulting in a marked hypoxemia 
[1]. The apnea-hypopnea index (AHI) represents the average number of periods of 
sleep apnea and hypopnea per hour and determines the severity of OSA.

It can be considered to be mild when between 5 and 14 events occur, moderate 
when between 15 and 29 events occur, and severe when more than 30 sleep apnea 
and hypopnea episodes occur per hour. Moreover, other factors, such as oxyhemo-
globin desaturation and percentage of time desaturation persists during sleep, also 
influence the severity of OSAS [14].

Numerous data from the literature presented in recent years have suggested that 
both OSAS and chronic intermittent hypoxia are independent risk factors for liver 
injury [2, 3]. This type of hypoxia leads to oxidative stress, lipid peroxidation, endo-
thelial dysfunction, insulin resistance, metabolic dysregulation, and production of 
proinflammatory cytokines, which promote the progression of liver fibrosis by tar-
geting hepatocytes, hepatic stellate cells, and Kupffer cells [15].

At the same time, in the pathogenesis of OSAS, in addition to chronic hypoxia, 
other pathophysiological mechanisms play an extremely important role [16]
•	 Oscillations of intrathoracic pressure: The negative intrathoracic pressure during 

inspiration can be greatly accentuated in the presence of apnea, as the patient has 
multiple failed attempts to inhale against a collapsed oropharynx [16].

•	 Fragmentation of sleep: OSAS occurs mainly during the REM phase of sleep, in 
which there is muscle atony, facilitating upper airway obstruction, and most 
apnea events culminate in an awakening or microarousal that leads to recovery of 
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muscle tone and cessation of obstruction. Given the disordered respiratory events 
during wakefulness, evidence of transient awakening from sleep was observed 
over time via electroencephalography. Consequently, sleep fragmentation is thus 
generated [16].

•	 Hypercapnia: With each respiratory-altering event, there may be an increase in 
the partial pressure of carbon dioxide (PaCO2). CO2 monitoring in OSA is not 
routinely performed but can generally be performed by means of transcutaneous 
PaCO2 measuring devices or by determination of end-tidal CO2 (end-tidal CO2). 
The increase in CO2 level may be higher in patients with underlying lung condi-
tions, such as chronic obstructive pulmonary disease, pulmonary fibrosis, as well 
as various interstitial pneumonias [16].

•	 Airway edema and surface tension: Accumulation of edematous fluid even in 
small quantities (100–200 mL) enlarges upper airway soft-tissue structures in 
OSA patients determining snoring and therefore sleep-disordered breathing [17]. 
Surface tension plays a role in modulating upper airway patency, and the therapy 
with instillation of surfactant may decrease the OSAS severity [18].

•	 Obesity, leptin, and inflammation: Central, or visceral, obesity is associated with 
the greatest risk for OSA because of reduction in lung volumes due to increased 
abdominal fat mass in the supine position [16]. Leptin acts like a respiratory 
stimulant, and in obese patients, leptin resistance or leptin deficiency may cause 
a hypoventilation syndrome [19]. Humoral factors including classical proinflam-
matory cytokines such as tumor necrosis factor-α (TNF-α) and interleukin (IL)-6 
are elevated in OSAS patients contributing to the patency of upper airways [20].

Chronic intermittent hypoxia plays a key role in the pathophysiology of OSAS, 
the intricate mechanism likely being similar to that in ischemia-reperfusion injury. 
Moreover, in patients with OSA, some oxidative stress markers are increased and 
could play an essential role in the development and progression of inflammation, 
endothelial dysfunction, and atherosclerosis [21]. Over time, the effects of hypoxia 
on metabolic pathways and mechanisms of hepatocellular injury in patients with 
NAFLD have been determined. Savransky et al. showed that intermittent hypoxia 
induces hyperglycemia and hepatic lipid peroxidation, but also enhances the activ-
ity of nuclear factor kappa B (NF-κB), a master regulator of the inflammatory 
response. Thus, there is a significant increase in glycogen accumulation in hepato-
cytes, suggesting that intermittent hypoxia can independently lead to mild hepatic 
injury in the absence of obesity-inducing risk factors [22].

19.4	� Risk Factors of Obstructive Sleep Apnea Syndrome

There are many risk factors that are associated with the occurrence of OSAS, 
among which we can list the following [16, 17]
•	 Anatomical changes: contribute to the reduction of the oropharyngeal space. 

Thus, obese people with increased neck circumference and craniofacial changes 
such as the growth of the base of the tongue and hypertrophy of the tonsil and 
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uvula, but also people with maxillomandibular deficiencies present a greater risk 
of apnea, because there is a reduction in the lumen of the upper airways.

•	 The supine position during sleep: facilitates the occurrence of apnea due to the 
posterior repositioning of the tongue by gravitational effect. The use of substances 
with a sedative or muscle relaxant effect aggravates this effect of posterior repo-
sitioning of the tongue by muscle relaxation both at the base of the tongue and at 
the level of the posterior pharyngeal wall.

•	 Smoking: it is also considered a risk factor for contributing to upper airway dys-
function during sleep, as it tends to promote relaxation of the respiratory muscles 
due to the neural reflexes caused by nicotine.

•	 Hormonal changes: Menopausal women equate their apnea-hypopnea index with 
that of men because estrogen and progesterone maintain proper muscle tone in 
the premenopausal period.

19.5	� Clinical Picture of Obstructive Sleep Apnea

From a clinical point of view, this sleep disorder is manifested by a noisy vibration 
of the airways called snoring, but also by suffocation, morning headache, daytime 
sleepiness, and decreased ability to concentrate [23]. The most important symptoms 
and the common clinical findings are presented in Table 19.1.

19.6	� Diagnosis of Obstructive Sleep Apnea

The diagnosis of OSAS is made through polysomnography, which is the gold stan-
dard diagnostic test being performed during the night and allows the monitoring of 
different physiological and pathological parameters, such as the apnea and hypop-
nea index, oxyhemoglobin saturation, excitations and microexcitations, postural 
changes, distribution of sleep stages, electrocardiographic recording, and intensity 
and frequency of snoring [16]. OSAS is confirmed if one of the following two con-
ditions exists: (1) an AHI ≥15 events per hour in a relatively asymptomatic patient 
and (2) an AHI ≥5 events per hour in a patient with more than two clinical features 

Table 19.1  Common symptoms and findings in OSAS

Symptoms of OSAS Examination findings in OSAS
Snoring Body mass index ≥30 kg/m2

Choking or gasping at night Enlarged neck circumference ≥43 cm
Excessive daytime sleepiness Systolic blood pressure ≥140 mmHg
Morning headaches Crowded upper airway
Insomnia with frequent awakenings Dysrhythmias (e.g., atrial fibrillation)
Lack of concentration Lower extremity edema (heart failure)
Cognitive deficits Accentuated P2 heart sounds (pulmonary HTN)
Changes in mood Nasal obstruction
Nocturia Decreased oxygen saturation
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[24]. A negative result does not exclude the diagnosis of OSAS particularly in high-
risk patients, and polysomnography should be repeated. Also, other conditions 
should be suspected in such cases for differential diagnosis including moderate or 
severe pulmonary pathologies, neuromuscular dysfunctions, congestive heart fail-
ure, movement disorders, parasomnias, or sleep seizures [25]. At the same time, it 
should be remembered that when snoring is an isolated finding, with a normal 
apnea-hypopnea index, snoring can be considered primary or benign snoring [16].

19.7	� Associated Conditions of OSAS

19.7.1	� Neuropsychiatric Dysfunction

OSAS is related to neurological dysfunctions such as impaired attention, lack of 
memory, and cognitive deficits, which, together, can result in disability of perfor-
mance and increased risk of motor vehicle crashes compared with the general popu-
lation of drivers [26]. Charles et  al. found that fatigue induced by OSAS is a 
contributing factor in 12% of all crashes and in 10% of all near-crashes causing 
800,000 collisions per year [27]. Moreover, psychiatric manifestations including 
moodiness and irritability as well as depression, psychosis, and sexual dysfunction 
were related to OSAS. Wheaton et al. found in a national survey in the US popula-
tion that OSAS was associated with probable major depression, and the results are 
higher among female sex (OR = 5.2; 95% CI: 2.7, 9.9 among women) [28].

19.7.2	� Cardiovascular and Cerebrovascular Morbidity

OSAS is associated with an increased risk of cardiovascular morbidity and mortal-
ity such as hypertension (with a prevalence between 35 and 80% of the patients), 
coronary artery disease, stroke, and arrhythmias. There are several mechanisms 
involved in the development of cardiovascular events like endothelial dysfunction 
accompanied by a proinflammatory and prooxidant status, hypercoagulability, and 
imbalance between matrix metalloproteases and their inhibitors [15]. A meta-
analysis conducted by Wang et al. showed that severe OSA significantly increases 
the cardiovascular risk, stroke, and all-cause mortality (relative risk 1.79 for cardio-
vascular disease, 1.21 for coronary artery disease, 2.15 for stroke, 1.92 for 
death) [29].

19.7.3	� Pulmonary Hypertension or Right-Heart Failure

OSAS is classically associated with pulmonary hypertension (PAH), affecting 
approximately 10% of patients with OSA [29]. A recent study by Minic et al. found 
that sleep apnea disturbances were found in 71% of the patients with PAH, and OSA 
is the most frequent breathing disorder, affecting 56% of them. Also, the authors 
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suggest about the importance of screening for OSAS in patients with PAH [30]. 
Moreover, Javaheri et  al. found that effective treatment of OSA in patients with 
heart failure is associated with improved survival, while treatment of OSA in 
patients with PAH is typically associated with modest hemodynamic improve-
ment [31].

19.7.4	� Type 2 Diabetes Mellitus

Patients with OSAS have an increased prevalence of insulin resistance as well as 
type 2 diabetes (T2DM) and diabetes complications [32]. While this association can 
be manifested through shared same risk factors such as older age, increased waist 
circumference, higher BMI ≥30 kg/m2, and reduced levels of high-density lipopro-
tein cholesterol (HDL cholesterol), an independent association between OSA sever-
ity, insulin resistance, and type 2 diabetes has been reported in several studies [33, 
34]. In one study conducted by Kenderzka et al. about 12% of patients with OSA 
developed T2DM over a follow-up of 67 months. Moreover, patients with severe 
OSA (AHI ≥30 events per hour) had an approximately 30% higher risk of incident 
diabetes compared with patients without OSA (AHI <5 events per hour) [34].

19.7.5	� Nonalcoholic Fatty Liver Disease

Several studies have found that OSAS is highly prevalent in patients diagnosed with 
nonalcoholic fatty liver compared to the normal population and could be considered 
an important risk factor for the development of nonalcoholic steatohepatitis and 
advanced fibrosis [35, 36]. A recent meta-analysis, by Musso et al. that included 18 
cross-sectional studies and 2183 participants, found that patients diagnosed with 
OSA were at high risk of developing and progressing FGNA, NASH, and advanced 
fibrosis, regardless of age, sex, and body mass index [37]. Agrawal et al. showed 
that the severity of OSAS is correlated with the degree of liver fibrosis independent 
of the presence of metabolic syndrome or obesity [38]. Moreover, a recent study by 
Krolow et  al. which included participants with metabolic conditions, found that 
moderate and severe degrees of OSA were correlated with increased liver fibrosis 
[39]. Several studies have found an association between NAFLD and OSAS in the 
pediatric and adult population [40, 41]. A study published by Nobili et al. showed 
that the presence and severity of OSA in children are correlated with the severity of 
liver disease, independent of the presence of abdominal obesity, metabolic syn-
drome, and insulin resistance [40]. Moreover, Aron-Wisnewsky et al. in a study that 
included 101 morbidly obese patients who underwent bariatric surgery and liver 
biopsy, found that chronic intermittent hypoxia remained independently associated 
with liver fibrosis, fibroinflammation, and NAFLD activity score. However, CIH 
does not seem to impact adipocyte morphology or adipose tissue macrophage accu-
mulation [41]. There are no guideline recommendations regarding treatment strat-
egy for patients with OSAS and NAFLD [42]. In general, the best approach is the 
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lifestyle modifications, which include physical activity, cessation of smoking and 
alcohol intake, and weight loss, because it will improve OSA severity and reduce 
upper airway collapsibility, and it should be strongly recommended to patients with 
NAFLD and OSA [43]. A recent study by Mersarwi et al. suggests that patients with 
NAFLD must be screened for OSA due to the fact that a majority of them are 
asymptomatic [1]. However, there is a necessity for future studies to evaluate the 
cost-effectiveness impact for screening patients with NAFLD or OSAS.

19.8	� Association Between Treatment of OSAS and NAFLD

There are sufficient data to argue that there is an intricate and bidirectional relation-
ship between NAFLD and OSA. The current knowledge showed an increased prev-
alence of NAFLD in patients with diagnosis of OSA.  As previously reported, 
hypoxia is considered to have a determinant role in NAFLD pathogenesis, and 
NAFLD represents an additional risk for systemic inflammation in patients with 
OSA [44]. Jullian-Desayes et al. in a recent meta-analysis, showed that there is a 
strong association between steatosis and OSA severity, with 85% of severe OSA 
patients (>30 events/h) having steatosis, while 26% of severe OSA patients having 
fibrosis [11]. Treatment options for OSA are diverse, but the gold standard for the 
clinical management of OSA is continuous CPAP treatment [44]. All treatment 
options for OSA are listed in Table 19.2.

The subtle pathological dynamics between NAFLD and OSA become visible 
when treatment is initiated. Chen et al. reported that OSA severity was indepen-
dently associated with liver steatosis and elevation of serum aminotransferases. 

Table 19.2  Available treatment options for patients with OSA

Procedure type Available
Positive airway 
pressure (PAP)

Continuous PAP (CPAP)
Bi-level PAP (backup rate, average volume assured pressure support)

Autotitrating PAP CPAP or bi-level PAP
Surgical treatment Adenotonsillectomy, nasal surgeries, palatal surgeries, tongue-based 

surgeries, genioglossus advancement with hyoid suspension, 
multilevel surgeries (a combination of nasal, palatal, and tongue 
surgeries)

Maxillomandibular 
advancement

Enlarges the velo-orohypopharyngeal airway via advancement of 
anterior pharyngeal tissues attached to the mandible

Oral appliances Tongue-retaining devices and mandibular advancement devices
Hypoglossal nerve 
stimulation

Pacemaker-like device connected to a wire attached to a small cuff to 
the hypoglossal nerve

Weight loss Obesity should be counseled on long-term weight management
A BMI lower than 25 kg/m2 through dietary or surgical weight loss is 
the goal

Positional therapy Was developed to keep patients in a nonsupine position
Nasal expiratory PAP The device valve rests in the nose and acts as a one-way resistor, 

permitting unobstructed inspiration [4]
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Three months of CPAP therapy were associated with a significant improvement in 
liver injury in OSA patients [45]. Similar results were seen in a study by Kim et al. 
The authors found a favorable dose-response association between the severity of 
OSA and the improvement in serum aminotransferase levels and the regression of 
hepatic fibrosis after 6 months of CPAP treatment. Interestingly, these findings were 
independent from the severity of obesity [46]. In cases of morbid obesity, OSA is 
associated with liver damage. The role of noninvasive techniques to monitor liver 
changes during OSA treatment with CPAP remains to be explored in future trials, 
but Buttacavoli et al. found a positive outcome for using ultrasound liver assessment 
and CPAP treatment in OSA patients with improvement of liver steatosis [47]. 
However, a randomized clinical study by Ng et al. reported that CPAP alone did not 
improve hepatic steatosis and fibrosis [48]. Patients with NAFLD and OSA were 
randomized equally into two groups.

There were significant correlations between controlled attenuation parameter 
(CAP), respiratory event index, and oxygen desaturation index. It was noted that 
weight change over 6 months correlated with changes in both intrahepatic triglycer-
ide and CAP. The additional role of weight reduction through lifestyle modification 
deserves further investigation [48].

Excess adipose tissue surrounding the upper airway can cause airway narrowing 
and increase the propensity for collapse during sleep [49]. Therefore, weight loss is 
mandatory, and several surgical and nonsurgical treatment options are currently 
available, such as exercise, diet, pharmacological interventions, and bariatric surgery, 
as a more permanent remedy. There are limited data regarding the efficiency of dif-
ferent weight-loss drugs on OSA patients. Currently, phentermine, topiramate, orli-
stat, liraglutide, and empagliflozin have been studied in OSA patients with promising 
results [49, 50]. Bariatric surgery has been extensively used as a more permanent 
solution for obese patients, and OSA remission can be obtained in the majority 
(59.2%) of patients with obesity as reported by Currie et al. in a recent paper [51].

In conclusion, recognition of OSA patients among at-risk NAFLD patients and 
vice versa will not only allow early diagnosis but most importantly institute appropri-
ate therapy that should reduce the burden of OSA-related symptoms with the intent 
of decreasing adverse cardiovascular and metabolic risk. Individualized therapy 
should be based on four essential traits such as upper airway obstruction, responsive-
ness of the upper airway muscles, arousability, and breathing regulation [49]. CPAP 
is the treatment of choice, but patient compliance is suboptimal. Therefore, the role 
and efficiency of non-CPAP therapies should be assessed in different at-risk patient 
categories. Future studies for this novel field of interest are required.
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20Nonalcoholic Fatty Liver Disease 
and Psoriasis

Laura Huiban, Anca Trifan, and Carol Stanciu

20.1	� Introduction

Nonalcoholic fatty liver disease (NAFLD) is a complex and multifactorial syndrome 
with a broad range of hepatic manifestations, from simple hepatic steatosis to the 
more severe steatohepatitis which could lead to liver fibrosis and cirrhosis [1, 2]. 
The main pathogenic route that determines the suitable premises for NAFLD devel-
opment includes visceral obesity, metabolic syndrome, systemic inflammation, and 
insulin resistance, all of which were also identified as significant risk factors to 
exacerbate psoriasis [3, 4]. Moreover, the prevalence of NAFLD in psoriatic patients 
and of psoriasis in NAFLD patients previously reported by numerous studies sug-
gested a bidirectional relationship between these two pathological conditions [5–9].

20.2	� Definitions, Epidemiology, and Clinical Presentation 
of NAFLD in Psoriasis

NAFLD is currently defined as the excessive triglyceride accumulation in the hepa-
tocytes that is not mediated by alcohol consumption or other specific factors (hered-
ity, acquired metabolic imbalance, steatosis-facilitating medication) [10]. NAFLD 
is a chronic progressive pathological condition characterized by different stages, 
from simple hepatic steatosis to inflammatory-mediated steatohepatitis (NASH), 
and that could further worsen to liver fibrosis, cirrhotic processes, liver failure, and 
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hepatocellular carcinoma, as the vicious cycle within the metabolic and inflamma-
tory interaction gains magnitude and complexity [11–13].

The more recent studies considered that NAFLD could be the hepatic manifesta-
tion of metabolic syndrome [14–16]. However, the emerging obesity-independent 
factors leading to NAFLD also associating it with several new pathological condi-
tions (such as psoriasis, osteoporosis, endocrinopathies, sleep apnea, and colorectal 
cancer) suggested that NAFLD could be the result of a much more complex interac-
tion between pathological causes and favorable premises [17–19] (Fig. 20.1). One 
particular pathological mechanism was reported to trigger the development of 
NAFLD–psoriasis-mediated inflammation.

The prevalence of NAFLD is that high in the general population that some con-
sider it a modern epidemic [20–23]. Recent epidemiological studies reported that up 
to 37% of adults and 10% of children of the general population are affected by 
NAFLD despite that the diagnosis rate remains lower due to the asymptomatic clini-
cal presentation of the stages not characterized by hepatic inflammation [24, 25]. 
Also, NAFLD increases the mortality rates in general population by adding 5–7 
deaths per 1000 person-years [4]. Approximately 3–10% of the NAFLD adult and 
rarely children cases progress to NASH and cirrhosis, but most of the deaths are 
associated with major cardiovascular events [10]. Similar to cardiovascular risk, the 
risk associated with the progression from NAFLD to NASH is often seen in one-
third of the obese patients and in one-twentieth of the lean patients [25]. It was 
showed that the prevalence and severity of NAFLD significantly increase by direct 
correlation to obesity prevalence and severity [25]. However, NAFLD prevalence 
was showed to vary by relation to age, sex, and ethnicity. A recent report summa-
rized that male sex, older age, and Latin American ethnicity seem to increase 
NAFLD prevalence [26, 27]. Despite the lesser prevalence in Caucasian population 
(39%, as compared to 83% in Latin Americans, as presented by van der Voort [26]), 
Klujszo et al. [27] and Bellinato et al. [28] commented that NAFLD is the most 
frequent liver pathology in the Western countries affecting up to 46% of the 
population. According to recent reports, up to 70% of type 2 diabetic patients [28], 
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Fig. 20.1  Independent and shared risk factors of NAFLD and psoriasis
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up to 65% of obese patients affected by metabolic syndrome, and up to 50% of 
dyslipidemic patients are also diagnosed with NAFLD [29]. Moreover, due to their 
partly shared pathophysiology, NAFLD was found to affect more than 40% of the 
young psoriatic patients and up to 70% of the older ones, as two strong predictors 
of NAFLD were psoriasis and metabolic syndrome, according to a prospective 
population-based cohort study conducted in Rotterdam [30].

Psoriasis was originally defined as an inflammatory skin condition characterized 
by epidermal hyperproliferation, aberrant keratinocyte differentiation, and angio-
genesis, in an autoimmune mediation context [31]. However, the more recent stud-
ies that focused on psoriatic comorbidities suggested that psoriasis could be a 
complex multisystemic disease that is mainly affecting keratinocyte functions and 
of which abnormal inflammatory modulation leads to low-grade chronic systemic 
inflammation easily transferred to the other organs [32–34]. It was showed that 
keratinocyte-mediated inflammation could lead to arthropathy, uveitis, inflamma-
tory bowel diseases, and metabolic syndrome, all of which were previously docu-
mented as frequent psoriatic comorbid conditions [35, 36]. Interestingly, a similar 
potentiating effect was showed for the steatohepatitis-mediated inflammation that 
could determine keratinocyte proliferation, often observed in psoriasis [35].

Just as in NAFLD case, obesity, diabetes, and stress are thought to contribute to 
the risk of developing psoriasis, while the latter is thought to increase the risk for 
autoimmune and inflammatory conditions, such as cardiovascular diseases [37]. 
Also, the prevalence correlational studies showed that NAFLD could increase the 
severity and duration of skin psoriatic outbreaks and predispose to diabetes, severe 
liver conditions, and multiple sclerosis [38], despite that psoriasis prevalence in gen-
eral population is relatively low (up to 2–3% of the world population), as compared 
to NAFLD prevalence. Of all, the most relevant association was established between 
psoriasis and NAFLD, as Gandha et al. confirmed that they are directly associated, as 
suggested by the significant correlation between liver steatosis stage and psoriatic 
skin surface area and severity [39]. Moreover, Roberts et al. showed that psoriatic 
patients with NAFLD seem to progress to more severe hepatic damage [3].

20.3	� Diagnosis of NAFLD in Psoriasis

Psoriasis is clinically presented as clearly edged variable areas of skin surfaces cov-
ered by erythematous plaques and silvery-white scales that are identified mostly on 
the scalp, elbows, knees, and umbilical and lumbar areas [35]. Despite the apparent 
pure dermatological picture, psoriasis was described as a multisystemic disease of 
inflammatory etiology. The biochemical assessment of the psoriatic patients’ serum 
could reveal altered lipid and glucose metabolism, increase of transaminases, and 
sustained inflammatory state [35]. These profiles are usually the ones that notify the 
dermatologist of possible NAFLD comorbidity in psoriatic patients, as some of the 
mentioned changes were also reported in NAFLD.

The sustained yet low-magnitude inflammatory state promoted by pro-
inflammatory cytokines’ presence was confirmed in both NAFLD and psoriatic 
patients. However, psoriasis was found to cause significantly more severe hepatic 
manifestations of NAFLD, while the risk for severe liver fibrosis could be higher in 
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patients affected by both psoriasis and NAFLD [40], while more severe psoriatic 
skin lesions were reported in NAFLD patients [41]. All these observations led to the 
psoriasis–NAFLD pathophysiological interaction hypothesis based on the hepato-
dermal axis [42].

NAFLD is often asymptomatic unless the hepatic damage causes significant 
clinical manifestation or abdominal tenderness upon palpation. Some of the NAFLD 
patients may exhibit nonspecific clinical manifestations, such as fatigue and abdom-
inal pain [43]. Most of the asymptomatic NAFLD cases are initially diagnosed dur-
ing routine blood work or imaging screening. Routine liver function test results 
could be mildly modified and that is often the NAFLD diagnosis initiation. Aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) serum levels are occa-
sionally increased, without exceeding 3–5 normal values, while AST/ALT ratio 
remains greater than 1. γ-Glutamyl transferase (GGT) serum concentrations are 
increased in most cases. High alkaline phosphatase serum concentrations, dyslipid-
emic profiles, elevated serum total bilirubin, and decreased serum albumin levels 
are also reported in NAFLD [29], but the biochemical assessment is not decisive 
since it could not be modified in up to two-thirds of the NAFLD patients [43].

Despite that liver imaging (ultrasonography, computerized tomography, or mag-
netic resonance imaging) is not able to differentiate between steatosis and inflam-
mation or indicate the presence of fibrosis, it reveals that 5–30% of the hepatic 
tissues are steatotic [44, 45]. Fibrosis presence—usually indicating NASH—
requires liver assessment through vibration-controlled transient elastography or 
magnetic resonance elastography and liver biopsy, the gold standard in diagnosis, 
but extremely invasive and potentially damaging [29, 46]. Thus, the lesser harmful 
method of the NAFLD fibrosis scores is preferred [29, 47, 48] (Table 20.1).

Table 20.1  Diagnosis chart of NAFLD [27, 29, 35, 40]

Component Characteristics
Associated 
risks

Type 2 diabetes, metabolic syndrome, obesity, psoriasis

Clinical 
symptoms

Mainly asymptomatic
Rarely abdominal tenderness upon palpation (in severe cases)
Nonspecific symptoms, such as fatigue and abdominal pain

Blood ↑ AST, ALT (<3–5 × normal ranges); AST/ALT >1
↑ ALP, GGT; ↑ total bilirubin; ↑ serum albumin
Dyslipidemic profiles, elevated serum total bilirubin, and decreased serum 
albumin levels

Imaging 5–30% of the liver tissues affected by steatosis
Liver 
elastography

Liver fibrosis (indicating progression to NASH)

Liver biopsy Gold standard in diagnosis; confirmation of NAFLD for all stages and 
complications

Fibrosis-4 
index

= Age (year) × AST (U/L)/[PLT (109/L) × ALT ½ (U/L)]

NAFLD 
fibrosis score

= −1.675 + 0.037 × age (year) + 0.094 × BMI (kg/m2) + 1.13 × glucose 
intolerance (yes = 1, no = 0) + 0.99 × AST/ALT − 0.013 × platelet count 
(109/L) − 0.66 × albumin (g/dL)
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20.4	� Pathophysiology of NAFLD in Psoriasis

The pathophysiological mechanisms underlying NAFLD development and progres-
sion have long been discussed and debated. Though NAFLD is currently considered 
a multilayered, multifactorial, and possibly multisystemic disease, the latest advance 
in this domain supported the previous description of this disease as being the hepatic 
manifestation of metabolic syndrome [49–53]. Aresse et al. discussed the increased 
heterogeneity of NAFLD-affected population and concluded that a multitude of fac-
tors including genetic predisposition, physiologic, and environmental factors could 
variably contribute to NAFLD development and progression, thus determining 
many clinically different phenotypical variants [52]. Many of the NAFLD patients 
are affected by different stages of obesity. However, a particular NAFLD patient 
group, namely “lean NAFLD” patients, has normal body index, but increased sys-
temic inflammation suggesting that the adipokine-mediated pathway could not be 
the sole player in NAFLD progression to NASH [9, 53]. These pathophysiological 
aspects are mainly contributing to treatment options and to understanding how 
NAFLD pathophysiology is associated with other chronic conditions in a 
comorbid way.

Despite that some disagreements and gaps regarding the NAFLD pathophysiol-
ogy remain, it is generally accepted that the multicomponent pathomechanisms 
include the unbalance in metabolic homeostasis and subsequent adipose tissue-
mediated inflammation. As previously stated, the development and progression of 
metabolic syndrome with its different phenotypes (diabetes, dyslipidemia, obesity, 
or other comorbid conditions) lead to abdominal fat tissue accumulation, which 
could provide sufficient background for hepatic steatosis. Insulin resistance, pro-
moting hepatic inflammation by increased pro-inflammatory cytokine release, leads 
to significant adipose lipolysis that generates free fatty acid efflux mediating mac-
rophage recruitment and hepatic de novo lipogenesis, both of which are demon-
strated to promote interconnected liver steatosis and inflammation [8, 54]. 
Additionally, the steatotic liver is furthermore vulnerable to oxidative stress (lipid 
peroxidation) and inflammation-mediated hepatic injury (apoptosis, necrosis, fibro-
sis, and ultimately cirrhosis) mediated by mitochondrial dysfunction, profibrogenic 
pathway, and hepatic stellate cell activation [25, 40]. Notwithstanding, recent stud-
ies on the pathogenesis of NAFLD suggested that it could be a much complex 
mechanism than previously thought and acknowledged by the previously described 
“two-hit” hypothesis [31]. At least, a multiple-component NAFLD pathogenesis 
could explain the complex interactions between NAFLD and other pathological 
states with which it shares significant pathogenic factors.

Psoriasis is mainly developing based on altered skin immunity leading to sus-
tained, self-amplifying inflammatory signaling that promotes aberrant keratinocyte 
proliferation and differentiation. The main inflammatory response pathways that are 
impaired in psoriatic skin are associated with IL-17/IL-23-, IL-22-, and TNF-α-
mediated T-helper lymphocyte activity [9]. It is believed that alongside keratinocyte 
stimulation, the pro-inflammatory state promoted by adipocyte accumulation could 
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trigger and sustain chronic systemic inflammation mediated by IL-17 via keratino-
cyte activation [3, 35]. Consequently, a molecular cascade triggered by dendritic 
cell, T lymphocyte, macrophage, and neutrophil activation leads to IL-17 secretion.

Similar inflammatory mediation was also observed in NAFLD due to the visceral 
adipose tissues’ potential to modulate interleukin-mediated inflammatory response. 
It was previously shown that pro-inflammatory T-helper 17 axis could be implicated 
in both NAFLD and psoriasis pathomechanisms, as well as in obesity, diabetes, and 
atherosclerosis. In liver, Th-17 was tied to NAFLD progression to NASH, as IL-17 
mediates hepatic stellate cell activation and collagen production [55]. Other cyto-
kines implicated in inflammation modulation in both NAFLD and psoriasis are 
IL-1, IL-2, and IL-6 [56].

Hepatic inflammation, hepatocyte apoptosis, and necrosis are also mediated by 
adipokines and their imbalanced secretion. Adipokines are cytokines mainly 
secreted by the white adipose tissues and control adipose tissue formation and local 
and hepatic lipid metabolism. In this way, psoriatic skin-derived TNF-α and IL-17 
could induce hepatic inflammation and trigger insulin resistance and fibrogenesis, 
while pro-inflammatory signals originating in the inflamed liver could worsen the 
psoriatic skin manifestations [42].

In contrast to keratinocyte-mediated immune cell activation, the secretory func-
tions of adipocytes produce abnormally elevated levels of TNF-α and leptin, often 
in response to increased hepatic free saturated fatty acid content, which causes 
hepatocyte necrosis and apoptosis. The implication of the free fatty acids released 
from the abnormal adipocytes was previously tied to psoriasis development and 
severity. Additionally, it was showed that both NAFLD and psoriatic patients exhibit 
decreased adiponectin levels, suggesting that not only the adipose tissue promotes 
inflammatory response, but also the balance between inflammatory and anti-
inflammatory cytokines is not maintained [35].

The interplay between psoriatic skin and steatotic liver in terms of immune 
mediation was previously described as the hepato-dermal axis and partly explains 
the direct two-way communication between these two pathological conditions and 
their shared pathogenesis [42] (Fig. 20.2). This could also explain why several bio-
logical agents against NAFLD offer positive response in psoriatic patients (IL-17 
and IL-23 antagonists).
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Fig. 20.2  Shared pathophysiology mechanisms of NAFLD and psoriasis

20.5	� Management of NAFLD in Psoriasis

In general, NAFLD treatment narrows down to changes in lifestyle and diet, as no 
current drug can provide complete remission (Table 20.2). Liver fat accumulation 
limitation, weight loss, and specifically treating metabolic syndrome-associated 
comorbidities are the main solutions for NAFLD management. Also, the measures 
to reduce oxidative stress, mitochondrial dysfunction, and insulin resistance could 
slow down NAFLD progression to NASH. Physical exercise was demonstrated to 
show significant potential in decreasing hepatic lipid accumulation, systemic and 
local oxidative stress, and hepatic inflammation. While fructose was previously 
reported as an important promoter of hepatic fat accumulation by disrupting the 
intestinal barrier, it must be avoided in NAFLD. On the contrary, vitamin D, vitamin 
E, and omega-3 fatty acid supplementation could bring significant benefits in 
NAFLD patient management [20, 57].
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Table 20.2  Hepatic effects of drugs used in psoriasis treatment [9, 27, 28]

Drug Anti-psoriatic effects Hepatic effects
Acitretin Second-generation 

retinoid
 �� –  Improves insulin resistance
 �� –  Rare, altered liver enzyme activity
 �� –  Hyperlipidemia

Apremilast Phosphodiesterase-4 
inhibitor

 �� –  Improves glucose and lipid metabolism
 �� –  No hepatotoxic effects

Cyclosporine Polypeptide calcineurin 
inhibitor

 �� – � Antifibrotic, antioxidant, and anti-
inflammatory effects

 �� – � Potentiates adiponectin and resistin 
activities

 �� –  Potentially hyperlipidemia
Dimethyl 
fumarate

Fumaric acid ester  �� – � Antifibrotic, antioxidant, and anti-
inflammatory effects

 �� –  No hepatotoxic effects
Methotrexate Dihydrofolate reductase 

inhibitor
 �� –  Highly hepatotoxic

Adalimumab Anti-TNF-α agent  �� –  Improves GGT activity
 �� – � Reduces glycoprotein acetylation, CRP, 

IL-6, and TNF-α
 �� –  No hepatotoxic effects
 �� –  Protective against liver fibrosis 

development
Etanercept Anti-TNF-α agent  �� – � Antioxidant and anti-inflammatory 

properties
 �� – � Hepatoprotective (normalizes 

transaminase levels)
 �� –  Glucose metabolism improvement
 �� –  Pro-inflammatory adipokine inhibition
 �� –  Protective against liver fibrosis 

development
Infliximab Anti-TNF-α agent  �� – � Adiponectin and IL-6 activities’ 

potentiation
 �� – � Could cause autoimmune hepatitis 

responsive to steroid treatment
 �� –  Increases BMI and body weight

Secukinumab Anti-IL-17  �� –  Systemic inflammation reduction
 �� –  Antioxidant effects
 �� –  No hepatotoxic effects

Ustekinumab Anti-IL-12/23  �� – � Alters liver function (increased 
transaminase serum levels)

 �� – � Potent inhibitor of TNF-α, IL-1b, IL-17a, 
and IL-6

In psoriatic patients, NAFLD must be treated according to the general guide-
lines, while some specific medication for psoriasis must be used with extreme cau-
tion due to hepatotoxic potential. Apremilast, acitretin, dimethyl fumarate, and most 
of the biological agents are well tolerated due to their decreased hepatotoxicity, 
while methotrexate, cyclosporin, and acitretin must be avoided in NAFLD and pso-
riasis patients or in psoriasis patients that exhibit increased risk for NAFLD 
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development due to their potential to trigger or worsen NAFLD-dependent or -inde-
pendent liver injury [3, 9, 58–63]. However, at least cyclosporine and dimethyl 
fumarate hepatotoxic effects were demonstrated as being transitory and reversible 
and only mildly affecting liver enzyme activity. On the other hand, cyclosporin and 
acitretin could induce hyperlipidemia, thus facilitating hepatic steatosis. Etanercept, 
infliximab, and adalimumab were reported to increase body weight and body mass 
index and should be used with caution in psoriasis patients predisposed to or affected 
by NAFLD [64].

Recently, several psoriasis-specific treatments were showed to address the shared 
pathophysiological mechanisms, and current efforts are made to evaluate their 
potential benefits against hepatic steatosis and in preventing the progression to 
NASH.  The non-biological agents used in psoriasis treatment were showed to 
potentially modulate insulin resistance (acitretin) and glucose and lipid metabolism 
(apremilast) and to exhibit antifibrotic, antioxidant, and anti-inflammatory effects 
(cyclosporin and dimethyl fumarate) [65–68]. Nevertheless, some of the biological 
agents (TNF-α inhibitors) could be used to prevent liver fibrosis. Of all, ustekinumab 
was reported to exhibit considerable anti-inflammatory effects acting as a potent 
inhibitor of TNF-α, IL-1b, IL-17a, and IL-6 [9].

20.6	� Conclusions

NAFLD and psoriasis are two apparently very distinct pathological conditions that 
are related to metabolic syndrome, insulin resistance, and chronic low-grade sys-
temic inflammation. However, the link between them seems not entirely understood 
and could be the result of a multifactorial interaction involving the hepato-dermal 
axis. The management of NAFLD and psoriasis is rather complex, especially when 
they co-occur. The treatment for psoriasis should be carefully administered to 
NAFLD-diagnosed or -predisposed patients, while it was demonstrated that some of 
the common biological agents used in psoriasis treatment could be useful in NAFLD 
cases with promising results.
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21.1	� Introduction

Nonalcoholic fatty liver disease (NAFLD) physiopathology relies on the “two-hit 
theory,” which includes liver steatosis as the first “hit,” followed by a second “hit” 
consisting of oxidative stress, abnormal lipid metabolism, and an improper immune 
response, which induce further injury to hepatocytes, resulting in nonalcoholic ste-
atohepatitis (NASH) [1, 2]. There are several signaling pathways through which 
NAFLD and NASH occur. Lipid synthesis and lipotoxicity determine an inflamma-
tory response followed by cell death and fibrosis, this process resulting from 
increased lipid synthesis and uptake in the liver that outpaces lipid oxidation and 
elimination. In addition to the liver, insulin-sensitive organs like adipose tissue and 
muscle create adipokines and myokines, which support oxidative stress and inflam-
mation in the liver, respectively. Through the metabolism of pathogen-associated 
molecular patterns (PAMPs), bile acids, and other compounds, the gut microbiota 
controls the inflammatory response and hepatic fat buildup. Kupffer cells that are 
already present in the liver are activated, and leukocytes (such as neutrophils and 
monocytes) are drawn to the liver as part of innate immune responses related to 
NAFL/NASH. Another element causing liver inflammation is lymphocyte-mediated 
adaptive immunity. Extracellular vesicles stimulate immunological cells and hepatic 
stellate cells, driving inflammation in NAFL/NASH. Lipotoxicity-induced hepato-
cyte death, which includes apoptosis, necroptosis, pyroptosis, and ferroptosis, is a 
significant driver in the evolution of NAFL/NASH [3].
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Considering the fact that nowadays the treatment of most diseases follows the 
concept of precision medicine, the treatment of NAFLD and NASH must have ther-
apeutic targets aimed at the interruption of these pathways. The main goal in the 
management of NAFLD patients is to identify patients at risk for progression to 
fibrosis and liver cirrhosis and to offer therapeutic intervention. Treatment in 
NAFLD includes lifestyle changes, pharmacotherapy, and surgery. The sequence of 
implementation of these treatment methods is established according to the stage of 
the disease and takes into consideration the patient’s preferences, the concept of 
“empowering the patient” being all the more important in the case of patients with 
NAFLD since they associate, in most cases, with diabetes mellitus and obesity, with 
this cluster of diseases being able to significantly affect the quality of life. Hence, 
the key therapeutic objectives in NAFLD are the lowering of metabolic risk factors 
and the management of the metabolic syndrome. In NAFLD patients, losing weight 
and changing one’s lifestyle can significantly improve histology outcomes. These 
therapies are sufficiently beneficial in just 10–20% of patients, and there are several 
difficulties in adopting them in daily practice [4].

21.2	� Lifestyle Changes

In NAFLD patients without fibrosis development, it is generally recommended to 
start with lifestyle changes which consist of dietary changes, exercise, and weight 
loss [5]. Thus, lifestyle modifications represent the first-line treatment option. 
According to several studies, weight loss significantly improves the histological 
characteristics of NASH, and there is a distinct dose-response relationship. Hepatic 
steatosis might be improved with weight loss of at least 3–5%, while reducing 
inflammatory activity requires a 5–7% weight loss; furthermore, it seems that a 
weight drop of over 10% is associated with the regression of fibrosis [6].

21.2.1	� Calorie-Restricted Diet

Based on the results from numerous studies which demonstrated significant benefits 
in adopting a calorie-restricted diet in NAFLD patients, current guidelines state the 
importance of introducing a diet-based strategy in the management of these patients 
[7]. Thus, consuming a diet with fewer calories per day than what is needed for sur-
vival, such as the Mediterranean diet, can lower body weight, hepatic lipid accumula-
tion, and insulin resistance as well as increase serum levels of monounsaturated and 
n-3 polyunsaturated fatty acids and decrease serum levels of saturated fatty acids [8].

The benefits of weight loss and calorie-restricted diets in patients with NAFLD 
are well demonstrated by robust data. For example, Holmer et al. recently published 
an open-label randomized controlled trial which included 74 NAFLD patients who 
were randomly assigned in a 1:1:1 ratio to a 12-week treatment with either a 5:2 diet 
with intermittent calorie restriction (500 kcal/day for women and 600 kcal/day for 
men) for two nonconsecutive days per week or a low-carb high-fat diet with an 
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average daily calorie intake of 1600 kcal/day for women and 1900 kcal/day for men. 
The authors found that findings showed that low-carb high-fat diet and 5:2 diet are 
both superior to general lifestyle change in terms of reducing hepatic steatosis and 
body weight [9].

The general recommendations regarding diet in patients with NAFLD which can 
improve body weight are the following [10]
•	 To reduce the quantity of sugar by avoiding sweets, processed foods, sugared 

dairy products, and sugar-sweetened beverages.
•	 To consume low-fat meat and low-fat dairy products, which will reduce saturated 

fat and cholesterol.
•	 To increase n-3 fatty acids by eating fish, walnuts, and olive oil.
•	 To avoid ultra-processed food.

Another advantage regarding dietary intervention is that it can modify gut micro-
biota components and enhance the health of NAFLD patients including body weight 
loss and improved insulin sensitivity [11].

21.2.2	� Physical Activity

Recent research has found a link between health-enhancing physical activity and a 
lower risk of both NAFLD and lean NAFLD in the general population [12]. Health-
enhancing physical activity is defined as either vigorous activity at least 3 days per 
week or seven or more days per week of any combination of walking, moderate, or 
vigorous activities [12].

By enhancing the phagocytic ability of liver-resident Kupffer cells (KCs) and 
lowering hepatic inflammation and fibrogenesis, long-term exercise can prevent the 
development of NASH [13]. Through the activation of the AMP-activated protein 
kinase (AMPK) and PPARg-coactivator-1 (PGC-1a) signaling pathways, a mouse 
study found that maternal exercise can reduce Western-style diet (WSD)-induced 
obesity and enhance hepatic lipid metabolism [14]. In obese adults, exercise-training 
interventions can also lower blood pressure, insulin resistance, and intrahepatic fat 
deposition [15]. However, the stress of the workplace and fast meals make changing 
one’s lifestyle extremely difficult or lead to most individuals giving up in the process.

Even though research on the benefits of exercise on NAFLD is still relatively 
new, experimental and clinical evidence emphasizes the value of exercise, particu-
larly vigorous intensity exercise that significantly lowers intrahepatic lipid content 
and delays the development of NASH.

21.3	� Bariatric Surgery

By limiting food intake, regulating gut hormone release, and correcting metabolic 
malfunction, bariatric surgery (BS), also known as weight-loss surgery, is thought 
to be the most effective technique to treat obesity and diabetes [16]. In comparison 
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to standard obesity care, BS can dramatically lower mortality and lengthen life span 
in persons with obesity, according to a meta-analysis [17]. The change in liver func-
tion tests (LFTs) 1 year after surgery shows that the bariatric surgeries sleeve gas-
trectomy (SG) and Roux-en-Y gastric bypass (RYGB) on NAFLD and NASH are 
comparably effective [18].

There may be some discrepancies brought on by BS methods, according to other 
investigations [19, 20]. For instance, a 5-year follow-up study demonstrated that 
Roux-en-Y gastric bypass has a higher efficacy compared to sleeve gastrectomy in 
terms of improving weight loss and reducing hypertension, but that there was no 
difference in the remission of T2DM, obstructive sleep apnea syndrome, or improve-
ment in quality of life [21].

21.4	� Pharmacotherapy

According to recent guidelines in NAFLD, pharmacotherapy is considered in patients 
presenting with progressive forms of NASH, those with early-stage NASH who have 
associated risk factors for fibrosis development, and those with active NASH with 
evidence of high necroinflammatory activity [7]. The therapeutic goal is to reduce 
NASH-related mortality and progression to cirrhosis, liver failure, and hepatocellular 
carcinoma (HCC), and a surrogate endpoint is represented by the resolution of 
NASH-defining lesions. Currently, numerous randomized clinical trials (RCTs) are 
underway to evaluate the effects of therapeutic agents with promising results.

21.4.1	� Therapeutic Agents for T2DM and Obesity

Particularly in patients with a higher BMI, the occurrence of NAFLD is highly cor-
related with T2DM and obesity [22, 23]. In contrast, NAFLD is less common in 
T2DM patients who are treated with insulin, sodium glucose cotransporter-2 
(SGLT2) inhibitors, and GLP-1 receptor antagonists [24].

As a potential treatment for NAFLD/NASH, the reprogramming of anti-obesity 
or antidiabetic medications like pioglitazone and saroglitazar is being investigated. 
In a mouse NASH model, saroglitazar, a combined PPAR-a/g agonist, can reduce 
hepatic lipid accumulation, lobular inflammation, hepatocyte ballooning, and liver 
fibrosis [25]. In patients with NAFLD or NASH, 4 mg of saroglitazar significantly 
reduced ALT and liver fat content, improved insulin resistance, and improved dys-
lipidemia, according to a phase II clinical trial research [26].

Farnesoid X receptor (FXR) is activated by bile acids, and evidence from the 
current literature showed that it is crucial for maintaining glucose homeostasis and 
hepatic lipid buildup and has a major impact on insulin sensitivity [27, 28]. The 
nonsteroidal FXR agonist cilofexor possesses anti-inflammatory and antifibrotic 
properties. In a phase II trial investigation, it was discovered that cilofexor signifi-
cantly reduced blood levels of C4, primary bile acids, and serum-glutamyl transfer-
ase in NASH patients, but not liver fibrosis and stiffness [29].

C. Muzica et al.



247

By inhibiting de novo lipogenesis, reducing liver inflammation and cell death, and 
boosting fatty acid oxidation, SGLT2 inhibitors such as canagliflozin, dapagliflozin, 
and empagliflozin have pleiotropic effects to treat NAFLD and T2DM [30].

Metformin and insulin-based therapies have been shown to reduce hepatic fat 
storage when GLP-1 receptor agonists are used [31]. They can also somewhat lessen 
liver fibrosis.

Patients with T2DM should use metformin as their first line of treatment because 
it lowers triglycerides, total cholesterol, and LDL while lowering blood sugar levels 
[32]. However, there is still controversy around the effects of metformin and dipep-
tidyl peptidase-4 (DPP-4) inhibitors in the management of NAFLD [33].

21.4.2	� Vitamin E

Vitamin E is a fat-soluble vitamin presenting under several forms of which α-tocopherol 
is the most important, being the only one with pharmacological features which allow to 
be used by the human body. Considering that the changes in NAFLD are promoted by 
an increase in oxidative stress, vitamin E is one of many antioxidants that has been 
extensively studied for its potential to treat NAFLD. It stabilizes cell membranes by 
defending unsaturated fatty acids from lipid peroxidation and the ensuing reactive oxy-
gen species (ROS). Adjuvant vitamin E therapy is more beneficial for adult patients 
with NAFLD than for pediatric patients, according to a recent meta-analysis of clinical 
trials [34]. In HIV-infected patients, vitamin E can help alleviate NASH as shown by a 
decrease in the serum biomarkers ALT and cytokeratin 18 for hepatocyte death [35].

Consumption of meals high in polyphenols also boasts positive effects for 
NAFLD patients, as polyphenols as anti-inflammatory and antioxidant reagents 
exhibit a protective effect in liver disease [36]. For instance, NAFLD incidence is 
decreased by a high consumption of lignans, a significant group of low-molecular-
weight polyphenols found in plants like whole grains [37].

However, the therapy with vitamin E needs some precautions as it is associated 
with some adverse events. Data shows that the mortality rate increases at doses 
>400 IU/day, and it also increases the risk of hemorrhagic stroke and prostate cancer.

21.4.3	� Anti-Cell Death Agents

As NAFLD and NASH advance, lipotoxicity destroys hepatic cells, produces inflamma-
tory cytokines and chemokines, and activates hepatic stellate cells (HSCs). As a result, 
it is crucial to prevent cellular death when treating chronic liver illness. In patients with 
NASH and F2–F3 liver fibrosis, for instance, selonsertib, a specific inhibitor of apop-
totic signal-regulating kinase 1, had an antifibrotic effect [38]. However, selonsertib 
monotherapy did not lessen liver fibrosis in individuals with NASH and bridging fibro-
sis (F3) or compensated cirrhosis (F4) when compared to placebo control treatment, 
according to two phase III clinical trials [39]. Therefore, selonsertib does not meet the 
criteria to be recommended yet in the management of NAFLD.
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21.4.4	� Antifibrotics

The development of liver fibrosis and NAFLD into fibrotic NASH can be stopped 
by antifibrotic drugs. Activated HSCs are the primary cells that produce extracellu-
lar matrix proteins during liver fibrosis [40]. The basic strategies for combating liver 
fibrosis involve preventing HSC activation and expansion and using medications to 
reduce inflammation and cell death. The treatments for NAFLD or NASH outlined 
above are also available for treating liver fibrosis. Some organic materials have a 
variety of outcomes. For instance, in mice with diet-induced NASH, scoparone, a 
bioactive component from a Chinese herb, can reduce hepatic steatosis, inflamma-
tion, cell death, and fibrosis [41].

Treatments for NAFLD and NASH also have some alternative targets, including 
G protein-coupled receptors (GPCRs), estrogen-related receptor alpha (ERR), bone 
morphogenetic proteins (BMPs), and KLFs [42].

21.5	� Pipeline Treatments

21.5.1	� Beyond Phase II Therapeutic Agents

Current therapeutic agents that have passed phase II, are illustrated in Table 21.1.
As previously mentioned, FXR has a positive impact on glucose homeostasis 

and hepatic lipid production and may even modify liver fibrosis [43]. Considering 
the potential beneficial role of FXR in NAFLD, OCA, an FXR agonist, has been 
extensively studied and proposed as a novel medicine for possible approval after 
phase II and III RCTs in patients with NASH and severe fibrosis consistently 
demonstrated its efficacy on fibrosis regression [44, 45]. The results from phase 
III REGENERATE trial showed that OCA at a dose of 25 mg was able to improve 
fibrosis and resolute NASH-associated changes when compared to placebo; taken 
together, it appears that up to five individuals must be treated for one patient’s 
fibrosis to either improve or not worsen [46]. Regarding adverse events, it seems 
that OCA at 25 mg/day was linked to pruritus in 50% of patients, with severe 
intensity in 28% [46]. Considering that pruritus could severely decrease the qual-
ity of life, it is possible that some patients will stop the therapy because of it. 
Another adverse event that could occur is an elevation of LDL cholesterol, which 
could be managed by using a statin [46].

Peroxisome proliferator-activated receptor α (PPAR) and PPARδ control a num-
ber of metabolic processes, the most important being the decrease of cholesterol 
levels and the activation of genes that control fatty acid oxidation and lipid transport 
[47, 48], and are highly expressed in hepatocytes. Elafibranor is a dual agonist for 
these receptors and has been studied for the treatment of NAFLD. Preclinical mod-
els and early human studies revealed that elafibranor functions as an insulin sensi-
tizer, potentially improving hepatic steatosis, inflammation, and fibrosis. Although 
in the phase II GOLDEN-505 study the primary outcome was not achieved as there 
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Table 21.1  Current therapeutic agents that have passed phase II

Phase III 
randomized 
controlled trial

Therapeutic 
agent

Mechanism 
of action

Dosage 
(per 
24 h) 
(mg)

Duration 
(weeks) Outcome

REGENERATE 
[45]

Obeticholic 
acid

FXR agonist 25 72 Interim analysis 
data submitted to 
the FDA and 
received a CRL for 
additional 
post-interim data

RESOLVE-IT 
[50]

Elafibranor PPARα and 
PPARδ 
agonist

120 72 Interim analysis 
failed to show any 
treatment effect; 
the program has 
been terminated

ARMOR [52] Aramchol SCD1 
inhibitor

600 52 Ongoing

AURORA Cenicriviroc CCR2–
CCR5 
antagonist

150 52 Terminated due to 
lack of efficacy

MAESTRO [51] Resmetirom THRβ 
agonist

80–100 52 Ongoing

CCR CC-chemokine receptor, CRL complete response letter, FXR farnesoid X receptor, PPAR 
peroxisome proliferator-activated receptor, SCD1 stearoyl-CoA desaturase 1, THRβ thyroid hor-
mone receptor-β

was no difference between elafibranor and placebo, a dose of 120 mg per day for 
52 weeks in patients with fibrosis stage F2 or F3 resulted in noticeably higher rates 
of NASH resolution than those observed in the placebo group in the post hoc analy-
sis [49]. Following these results, a phase III trial (RESOLVE IT) continued to inves-
tigate the effects elafibranor (120  mg daily or placebo) for 72  weeks on liver 
histology in patients with F2 and F3 NASH, but unfortunately the trial did not meet 
the primary endpoint, achieving a response rate of 19.2% compared to 14.7% in the 
placebo arm [50].

Another two therapeutic agents which are currently undergoing evaluation 
through phase III RCTs are resmetirom and aramchol. Resmetirom is a thyroid 
hormone receptor (THR) agonist with oral activity that targets the liver and has a far 
higher selectivity for THR than triiodothyronine (T3) [51]. According to a phase II 
study, resmetirom showed a relative decrease in liver fat compared to those who 
received a placebo and, more importantly, was linked to greater rates of NASH reso-
lution (27.4% resmetirom versus 6.5% placebo; P = 0.02) [51]. The other agent is 
aramchol, a bile acid-to-fatty acid conjugate which inhibits the stearoyl-CoA desat-
urase 1 (SCD1) enzyme, which has an important role in the process of liver steatosis 
development. The phase IIb ARREST study demonstrated that aramchol at 600 mg 
per day was linked to a tendency for greater rates of NASH remission without fibro-
sis worsening [52].
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21.5.2	� Phase II Therapeutic Agents

21.5.2.1	� GLP-1 Receptor Agonists
Liraglutide and semaglutide are glucagon-like peptide 1 (GLP1) receptor agonists, 
which have received FDA approval for the treatment of T2DM and are investigated 
in clinical trials for the treatment of NASH.  Liraglutide showed a significant 
improvement in the liver histology in NASH patients (in 39% of liraglutide-treated 
patients versus 9% of placebo) [53]. In a phase II study, semaglutide demonstrated 
a dose-response relationship, with a 59% resolution of NASH in the group receiving 
0.4 mg compared to 17% in the placebo group (P = 0.001, semaglutide 0.4 mg ver-
sus placebo) [54]. Semaglutide taken once weekly is now being studied as a treat-
ment for people with compensated cirrhosis and NASH who do not have varices or 
ascites as a sign of portal hypertension [55].

21.5.2.2	� Galectin 3 Inhibitors
Belapectin is an inhibitor of galectin 3 that has a positive impact on liver fibrosis 
and portal hypertension that is currently under evaluation in NAFLD and NASH 
patients. A phase IIb trial demonstrated that after a year of belapectin 2 mg/kg and 
8 mg/kg, it did not achieve the desired outcome of significant reduction in HVPG or 
fibrosis [56]. However, 2 mg/kg of belapectin was linked to a decrease in HVPG at 
52 weeks compared with baseline and a decreased development of new varices in 
the subset of 81 individuals without esophageal varices at baseline [56]. Thus, bela-
pectin is now studied in a two-stage phase IIb/III trial where the primary outcome is 
to evaluate the proportion of patients in the belapectin treatment groups who develop 
new esophageal varices at 18 months of treatment compared to the proportion in the 
placebo group in patients with NASH-cirrhosis without esophageal varices 
(NCT04365868).

21.5.2.3	� FXR Agonists
Cilofexor, a selective nonsteroidal FXR agonist, has shown improved markers of 
cholestasis and decreased liver enzymes in individuals with primary sclerosing 
cholangitis and is now being evaluated in a phase III trial [57]. Furthermore, in a 
phase II randomized, placebo-controlled trial in patients with NASH without cir-
rhosis, cilofexor determined a significant reduction in hepatic fat (30% in 39% of 
patients) after therapy for 24 weeks at a dose of 100 mg daily [58].

21.5.2.4	� ACC Inhibitors
The liver acetyl-CoA carboxylase (ACC) direct inhibitor firsocostat decreased de 
novo lipogenesis and liver fat in a randomized, placebo-controlled study, which 
included patients without cirrhosis but with one or more of the following criteria: 
(1) hepatic steatosis of at least 8% based on MRI examination and liver stiffness of 
at least 2.5 kPa and (2) histology-proven NASH with F2 or F3 fibrosis [59]. By 
12 weeks, 48% of patients receiving firsocostat at a dose of 20 mg showed at least a 
30% reduction in MRI from baseline, compared to 15% of those receiving placebo 
(P = 0.004) [59].
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21.5.2.5	� Fibroblast Growth Factor 21 Analogues
A pegylated homologue of fibroblast growth factor (FGF21) is pegbelfermin, which 
demonstrated a significant reduction in absolute hepatic fat fraction compared to 
placebo in a phase IIa, which included patients with NASH150 who were examined 
(NCT02413372). Patients received 20 mg weekly (5.2% at 20 mg versus 1.3% in 
those with placebo, respectively; P = 0.008) [60]. Adults with NASH and liver fibro-
sis stage F3 or F4 are being treated with pegbelfermin in phase IIb trials (FALCON1 
and FALCON2; NCT03486899 and NCT03486912, respectively).

A phase IIa trial with once-weekly dosage has examined efruxifermin, an FGF21 
analogue designed to match the biological activity profile of native FGF21. In the 
BALANCED research, efruxifermin was administered subcutaneously for 16 weeks 
to 80 patients with biopsy-proven NASH (NCT03976401) at three different daily dose 
levels (28 mg, 50 mg, and 70 mg) or a placebo [61]. Efruxifermin determined absolute 
liver fat reductions at 12 weeks considerably higher compared to placebo (12%, 13%, 
and 14% versus 0.3%) [61]. Furthermore, it achieved a 28% improvement in fibrosis 
by at least two stages across all dose groups, with a 38% response rate in the 50 mg 
daily dose group, and 48% NASH resolution without worsening of fibrosis across all 
dose groups, with a 54% response rate in the 50 mg daily dose group [61]. In light of 
the rapid resolution of NASH and regression of fibrosis, these outcomes are encourag-
ing. We anticipate the replication of these findings in a larger cohort with favorable 
safety and tolerability characteristics for prolonged medication usage.

21.6	� Conclusions

The eagerness for the approval of medications for patients with NAFLD is justified, 
but it should not take away the importance of the currently existing, easily accessi-
ble, and less expensive options. In addition to weight loss of 10% or more in a year, 
these solutions also involve the best management of comorbidities. The new and 
emerging therapies for NAFLD are promising, but further evidence to endorse their 
efficacy in improving the outcome in these patients is still needed.
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22Practical Clinical Cases in Nonalcoholic 
Fatty Liver Disease

Ermina Stratina, Adrian Rotaru, Remus Stafie, 
and Horia Minea

22.1	� First Case Report

A 41-year-old male patient was referred to our gastroenterology outpatient clinic 
because of elevated liver enzymes, identified at a routine checkup, and fatigue. Prior 
to admission, he had a history of appendectomy and was diagnosed with grade 1 
hypertension, with no drug treatment being initiated. Regarding his family medical 
history, it was discovered that his father suffered from cardiovascular diseases, but 
the patient was unable to provide further and more accurate information. After fur-
ther evaluation, we concluded that the patient was a smoker (7 pack years) and had 
no history of alcohol abuse (<30 g/day) [1]. In what concerns the physical examina-
tion, there were no notable findings. On presentation, the patient had a height of 
1.79 m with a body mass index (BMI) of 24.2 kg/m2.

Blood samples revealed normal white cell count (9.400/μL), platelet count 
(212.000/μL), and hemoglobin (14.2  g/dL) also being within normal limits. The 
biochemical test showed a slightly high C-reactive protein (1.8 mg/dL) and an ala-
nine aminotransferase (ALT) of 103 U/L (reference range 9–52 U/L) and aspartate 
aminotransferase (AST) of 88 U/L (reference range 15–36 U/L). Fasting plasma 
glucose was within normal limits. In what concerns the lipid profile, there were 
notable modifications: total cholesterol 247 mg/dL, high-density lipoprotein (HDL) 
41 mg/dL, low-density lipoprotein (LDL) 169 mg/dL, and triglycerides 184 mg/
dL. Total bilirubin, alkaline phosphatase, gamma-glutamyl transferase (GGT), and 
albumin had normal values. Immunoglobulins, including IgA, IgG, and IgG, were 
within normal limits. Serum ferritin and ceruloplasmin were within normal ranges. 
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Hepatitis B surface antigen, hepatitis B virus core antibody, and hepatitis C virus 
antibody were all negative. All coagulation tests presented normal values.

An abdominal ultrasonography examination was performed. We identified bright 
hepatic echoes and increased hepatorenal echogenicity, suggesting the presence of 
liver steatosis. According to the American Gastroenterology Association Clinical 
Practice Update on the diagnosis and management of nonalcoholic liver disease in 
lean individuals [1], fibrosis-4 (FIB4) index was calculated according to the follow-
ing formula: FIB4  =  age (year)  ×  AST (IU/L)/{platelet count (109/L)  ×  [ALT 
(U/L)]1/2} [2]. The result was an increased value of FIB4, namely 2.13.

Taking into consideration these results, we decided to further perform a second 
noninvasive test, namely, vibration-controlled transient elastography (VCTE) with 
controlled attenuation parameter (CAP), which revealed an increased liver stiffness 
measurement (LSM) and CAP values of 8.1 kPa and 298 dB/m, respectively, cor-
responding to mild fibrosis (F1) and moderate steatosis (S2) [3].

Considering the results mentioned above, the patient was diagnosed with nonal-
coholic steatohepatitis (NASH). According to current guidelines [1], the patient was 
advised to make several lifestyle changes, including daily exercise and weight loss 
(3–5% from the current weight). Moreover, we suggested that the patient should 
monitor his blood pressure frequently and contact his general practitioner if any 
changes will occur.

At 6-month follow-up, the patient presented a decrease in body weight of around 
2.5 kg. Blood tests were collected, and liver enzymes were in the normal range, 
while total cholesterol and triglycerides, even if a descending trend was observed, 
still maintained a higher value than the normal range. At the VCTE with CAP exam-
ination, there was a slight improvement of the LSM and CAP values, namely 7.9 kPa 
and 281 dB/m, respectively. In what concerns the eating habits of our patients, he 
declared that he made some changes by ruling out food rich in saturated fats and 
adopting a more balanced diet similar to the Mediterranean one.

22.2	� Discussions

NAFLD is closely linked to the obesity epidemic and being overweight, but it can also 
affect those who are slim and have a BMI under 25 kg/m2 without having any identified 
risk factors [4, 5]. Vos et al. first used the term “lean NAFLD” in 2011, and since then, 
new noninvasive diagnostic techniques have been widely accessible and available, rais-
ing concerns about the disorder’s prevalence. Consequently, early diagnosis is essential 
for better care [6, 7]. Lean NAFLD is considered to be a serious clinical and diagnostic 
issue because, in the absence of obesity, which is a clinical marker for steatosis, the 
diagnosis of liver steatosis or liver damage is usually made too late or not at all. As a 
result, it is likely too late to begin the essential medical intervention and therapy. The 
metabolic profiles of lean NAFLD and overweight/obese NAFLD patients are similar 
and closely linked to those of the metabolic syndrome (MetS), which includes hyper-
tension, low HDLc, hypertriglyceridemia, type 2 diabetes mellitus (T2DM), or 
increased fasting plasma glucose and increased waist circumference [8, 9].
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According to EASL/EASD/EASO NAFLD standards, food and exercise are the 
recommended treatments for hepatic steatosis. A specific training program is not, 
however, mentioned. Similar findings from studies looking at how exercise affects 
NAFLD imply that both strength and aerobic training diminish hepatic steatosis 
[10, 11]. This evidence was recently supported by a meta-analysis, which found that 
regardless of the type of exercise program used (aerobic vs. resistance), the degree 
of steatosis is significantly reduced when a plan involving at least three weekly ses-
sions lasting 40–45 min for 12 weeks is followed [12, 13]. According to research, 
resistance training is the most beneficial for women, while aerobic exercise appears 
to be more beneficial for men in terms of reducing hepatic fat [12]. High exercise 
compliance is obviously necessary; however, a sizeable portion of NAFLD patients 
may struggle to maintain aerobic exercise training due to coexisting cardiovascular 
comorbidities or physical impairment brought on by obesity.

22.3	� Second Case Report

A 34-year-old male was admitted to our hospital because of fatigue, malaise, and 
pain below the right costal margin. Prior to admission, he had no important medical 
history. Concerning his family history, we noted that his mother had T2DM and his 
brother had cirrhosis but he could not specify the cause. The patient had no history 
of alcohol abuse, and he did not take any medications at home. On physical exami-
nation, the patient had pain on palpation in the right hypochondrium and hepato-
megaly. Other clinical findings were not remarkable. One year before admission, his 
height was 181 cm, his body weight was 125 kg, and his BMI was 38.22 kg/m2. On 
admission, his body weight was 118 kg and his BMI was 36.08 kg/m2.

White blood cell count was increased (12,000/μL), platelet count was within 
normal limits (170,000/μL), and hemoglobin was 13.4 g/dL. C-reactive protein was 
mildly elevated (1.1 mg/dL). The biochemical test showed a fasting plasma glucose 
of 180 mg/dL (10 mmol/L) and a glycated hemoglobin A1c (HbA1c) of 9.1%. Also, 
he had a random glucose level of 272 mg/dL. LFTs showed an ALT of 206 U/L 
(reference range 9–52 U/L), an AST of 144 U/L (reference range 15–36 U/L), and 
an ALP of 133 U/L (reference range 40–105 U/L). Also, lipid profile was modified: 
total cholesterol 282 mg/dL, high-density lipoprotein (HDL) 36 mg/dL, low-density 
lipoprotein (LDL) 177 mg/dL, and triglycerides 201 mg/dL. Bilirubin, international 
normalized ratio, and albumin were normal values. Aspartate aminotransferase-to-
platelet ratio index (APRI) and FIB4 index were elevated (APRI = 2.1 and FIB4 
index = 2.01, respectively). APRI and FIB4 were calculated according to the follow-
ing formula: APRI = AST level (IU/L)/upper limit of normal AST × 100/platelet 
count (109/L), and FIB4 = age (year) × AST (IU/L)/{platelet count (109/L) × [ALT 
(U/L)]1/2} [2, 14]. Serum ferritin and ceruloplasmin were within normal ranges. 
The hepatitis B surface antigen, hepatitis B virus core antibody, and hepatitis C 
virus antibody were all negative. Immunoglobulins, including IgA, IgG, and IgG, 
were within normal limits. Coagulation tests showed a decrease in the percentage of 
prothrombin time (67.6%). Homeostatic model of assessment of insulin resistance 
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(HOMA-IR) was 7.9. The HOMA-IR was calculated based on fasting values of 
plasma glucose and insulin according to the HOMA model formula: HOMA-IR = IRI 
(μU/mL) × FPG (mg/dL)/405 [15].

Abdominal ultrasonography examination identified bright hepatic echoes, 
increased hepatorenal echogenicity, and vascular blurring of the portal and hepatic 
veins, suggestive for diffuse hepatic steatosis. The BARD score was 2 points, which 
suggested advanced fibrosis [16]. We evaluated the patient by VCTE with CAP. The 
results showed us an increased CAP and LSM value (342  dB/m and 10.7  kPa, 
respectively). The cutoffs used for CAP were 285 dB/m for S1, 340 dB/m for S2, 
and 355 dB/m for S3, respectively. LSM cutoff staging values were as follows: F1 
(mild), F2 (significant), F3 (advanced) fibrosis, and F4 (cirrhosis): 5.6–7.1, 7.2–9.4, 
9.5–12.4, and ≥12.5 kPa [17, 18].

Based on these findings, the patient was diagnosed with nonalcoholic steato-
hepatitis (NASH). He was also diagnosed, for the first time, with T2DM based on 
the following findings: fasting plasma glucose over 126 mg/dL, random glucose 
level over 200  mg/dL, and hemoglobin A1c over 6.5% [19]. The patient started 
insulin therapy because hyperglycemia persisted after admission. After starting 
insulin treatment, hyperglycemia rapidly improved.

According to the indications of the diabetologist, treatment with subcutaneous 
injections of the GLP-1R agonist liraglutide was initiated. The patient tolerated lira-
glutide with no side effects such as nausea or vomiting. Insulin was gradually dis-
continued after 5 weeks because glycemic control was improved.

After 50 weeks of treatment with liraglutide, the patient’s weight loss was 18 kg, 
LFTs were in the lower normal range (AST 30 U/L, ALT 22 U/L, ALP 58 U/L), 
glycemic control was improved (HbA1c 5.8%), and lipid profile was normalized 
without specific treatment. We performed an abdominal ultrasound which objecti-
vated a diminished echogenicity, suggesting an overall reduction in steatosis. Also, 
CAP and LSM values improved (302 dB/m and 8.4 kPa, respectively).

22.4	� Discussion

NAFLD is usually linked to insulin resistance and is regarded as the hepatic mani-
festation of the metabolic syndrome. T2DM, obesity, hypertension, and dyslipid-
emia are examples of the conditions that are directly related to the advancement of 
NAFLD. T2DM has been shown to be one of the major risk factors for [2] the occur-
rence of cirrhosis, advanced fibrosis, NASH, and hepatocellular cancer [20].

The relationship between NAFLD and T2DM is bidirectional, and it is associ-
ated with high rates of mortality. The presence of NAFLD in patients with T2DM 
promotes the development of severe outcomes, and T2DM enhances the NAFLD-
associated complications [21].

The pathophysiology of NASH is with multiple pathways and is closely related 
to insulin resistance, which is associated with metabolic syndrome, excessive intra-
cellular fatty acids, oxidant stress, and mitochondrial dysfunction. These factors 
promote systemic and liver inflammation, which leads to hepatic fibrosis [22].
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In the modern world, nearly a third of the population suffers from obesity. 
Obesity is an intricate, multifaceted, and mostly avoidable pathology. The presence 
and degree of hepatic fibrosis have been linked to one of the most significant risk 
factors for NAFLD [23]. Obesity and weight increase were found to be independent 
predictors of liver fibrosis in recent research that included 40,700 participants with 
NAFLD [24].

The American Diabetes Association highlights the important link between diabe-
tes and obesity and recommends testing and assessing the risk for developing T2DM 
in asymptomatic patients ≥45 years old with excess weight and regardless of age if 
they have BMI ≥40 kg/m2 [25].

Liver biopsy remains the current gold standard for the diagnosis of NASH. Also, 
it is the only investigation that can make the difference between NAFL and 
NASH. The essential criteria to put the diagnosis of NASH are the joint presence of 
steatosis, ballooning, and lobular inflammation [26]. Despite the advantages, LB is 
costly, uncomfortable, and with life-threatening risks for patients [27].

Alternative, noninvasive diagnostic methods include imaging-based techniques. 
US is the first-line investigation used for assessing liver steatosis but is better for 
evaluating mild and severe steatosis [28]. VCTE with CAP represents an important 
tool for detecting liver fibrosis and steatosis. When imaging-based techniques are 
not available, the guidelines recommend using serum biomarkers (AST, ALT, plate-
lets). One of the most crucial prognostic indicators for NAFLD is fibrosis, and indi-
viduals who have it are more likely to experience serious outcomes. Regarding the 
scores for fibrosis, NFS and FIB4 have been validated in ethnically different NAFLD 
populations, with reliable results [29, 30].

Our patient had obesity for at least 2  years. Also, HOMA-IR, an important 
parameter for insulin resistance, was increased in this patient at admission. 
Therefore, hyperinsulinemia due to severe insulin resistance had been present, 
being involved in the progression of liver fibrosis. Initially, we started the adminis-
tration of insulin to improve hyperglycemia. Weight loss and glycemic control are 
effective measures for NASH.

Liraglutide is an analog of glucagon-like peptide-1 (GLP-1), which is linked to 
adenylate cyclase. The increase in cyclic AMP-induced glucose-dependent release 
of insulin inhibits the glucose-dependent release of glucagon and slows gastric emp-
tying to increase the control of blood sugar. Liraglutide is widely used in the treat-
ment of diabetic patients [31]. Recent papers demonstrated the pleiotropic effects of 
liraglutide: reduce intrahepatic fat, ALT, and TG in T2DM patients with 
NAFLD. Also, it has been approved that liraglutide has the effect of decreasing liver 
lipid content and then treating NAFLD in animal studies [32].

The patient showed notable results after 50 weeks of treatment with a GLP-1R 
agonist. He lost 18 kg of body weight (from a baseline of 118 kg), and LFT and lipid 
profile have been normalized. The patient was not evaluated by LB before and after 
treatment, and this represents one limitation of our study.

In conclusion, the clinical presentation of NAFLD/NASH cases can be in various 
forms. Considering the increased prevalence of NAFLD in obese and diabetic 
patients and the emergence of new drugs, it is important to develop screening 
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strategies for these categories. Also, further studies will be needed for the assess-
ment of the efficacy of GLP-1 on NASH.

22.5	� Third Case Report

A 53-year-old female patient was referred to our gastroenterology outpatient clinic 
because of abdominal pain located in the right hypochondrium associated with nau-
sea without vomiting. Prior to admission, she had a history of grade 2 hypertension 
in treatment, grade 1 obesity, extrauterine pregnancy for which she underwent sur-
gery at 29 years old, and gallbladder lithiasis discovered 3 years prior to admission. 
Regarding her family medical history, we have discovered that her mother suffers 
from type 2 diabetes mellitus (T2DM) and her brother is currently under treatment 
for psoriasis. After further evaluation, we concluded that the patient was not smok-
ing and had no history of alcohol abuse (<30 g/day). In what concerns the physical 
examination, the patient had a blood pressure of 145/80 mmHg and pain in the right 
hypochondrium, without other notable changes. On presentation, the patient had a 
height of 1.58 m, a BMI of 32.1 kg/m2, and a waist circumference of 118 cm.

Blood samples revealed normal white cell count (6100/μL), platelet count 
(311,000/μL), and hemoglobin (13.9  g/dL) also being within normal limits. 
Regarding the lipid profile, important modifications were discovered, namely a total 
cholesterol of 287 mg/dL, low HDLc levels (32 mg/dL), high low-density lipopro-
tein (LDLc) levels (177  mg/dL), and a high value of triglycerides (203  mg/dL). 
Biochemical test showed a normal C-reactive protein and an alanine aminotransfer-
ase (ALT) of 39 U/L (reference range 9–52 U/L) and an aspartate aminotransferase 
(AST) of 27 U/L (reference range 15–36 U/L). Fasting plasma glucose was within 
normal limits. Total bilirubin, alkaline phosphatase, gamma-glutamyl transferase 
(GGT), and albumin had normal values. Immunoglobulins, including IgA, IgG, and 
IgG, were within normal limits. Serum ferritin and ceruloplasmin were within nor-
mal ranges. Hepatitis B surface antigen, hepatitis B virus core antibody, and hepati-
tis C virus antibody were all negative, and all coagulation tests presented 
normal values.

Abdominal ultrasonography examination was performed. We identified an 
increased liver echogenicity suggesting the presence of hepatic steatosis and hepa-
tomegaly. The portal vein was normal in size. Moreover, the diagnosis of gallblad-
der lithiasis was confirmed, but no signs of inflammation were discovered. No other 
important changes were identified.

According to the current guidelines on the management of NAFLD, FIB4 index 
was calculated according to the following formula: FIB4 = age (year) × AST (IU/L)/
{platelet count (109/L)  ×  [ALT (U/L)]1/2} [1, 28]. The result was an increased 
value of FIB4, namely 1.87.

Taking into consideration these results, we decided to further perform a second 
noninvasive test, namely, VCTE with CAP, which revealed increased LSM and CAP 
values: 6.9 kPa and 354 dB/m, respectively, corresponding to mild fibrosis (F1) and 
severe steatosis (S3) [3].
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Finally, the patient was diagnosed with nonalcoholic fatty liver disease. Moreover, 
our patient presented 3 out of 5 components of the MetS (high blood pressure, dys-
lipidemia, and increased waist circumference), and the diagnosis was established 
accordingly [33].

According to current recommendations, the patient was encouraged to adopt a 
number of lifestyle adjustments, including regular exercise and weight loss. In addi-
tion to suggesting aerobic and resistance training, a general recommendation was 
given to minimize the consumption of simple sugars, industrial fructose, and satu-
rated fats. The patient was advised to monitor her blood pressure periodically and 
notify her primary care physician of any changes. Furthermore, treatment with rosu-
vastatin 20 mg daily was initiated for dyslipidemia.

At the 6-month follow-up, the patient’s body weight had decreased by around 5 
kilograms. Blood tests revealed that liver enzymes remained within the normal 
range, while total cholesterol and triglycerides, despite a decreasing trend, nonethe-
less remained over the normal range. At the VCTE with CAP examination, there 
was a slight improvement of the LSM and CAP values, namely 6.6  kPa and 
322 dB/m, respectively. Regarding dietary and lifestyle modifications, she stated 
that she finds it challenging to adopt new eating and living habits and this is why the 
patient was referred to a nutrition specialist in order to provide a more holistic care.

22.6	� Discussions

NAFLD is nevertheless closely linked to the obesity epidemic and being overweight 
[34]. NAFLD is one of the most significant causes of liver pathology globally, and 
it is likely to overtake other causes as the primary cause of end-stage liver disease in 
the next decades, as evidenced by prior studies [4]. Based on current knowledge, the 
pathogenesis of NAFLD is a multifactorial and multistep process [35]. Among the 
established clinical conditions closely associated with NAFLD, abdominal obesity 
and other characteristics of MetS, such as disturbed glucose metabolism with insu-
lin resistance, dyslipidemia, hypertension, and other metabolic disorders linked to 
increased cardiovascular risk, are given special consideration [36, 37]. As a result, 
the current understanding of the intimate and reciprocal association between 
NAFLD and MetS has evolved, and the bidirectional relationship between the two 
disorders is now widely recognized [38, 39].

As NAFLD has steadily risen in importance on a global scale, it has become 
increasingly apparent that the phrase “nonalcoholic” contains fundamental flaws. 
This description overemphasizes the absence of alcohol consumption and underem-
phasizes the metabolic danger [40]. As a result, a new terminology has been 
designed to better illustrate the close connection between NAFLD and metabolic 
diseases, specifically metabolic associated fatty liver disease (MAFLD) [41].

Increases in the prevalence of both MetS and NAFLD are mostly attributable to 
changes in nutrition and lifestyle in industrialized and developing nations, respec-
tively. This tendency increases mortality and morbidity related to metabolic, hepatic, 
and cardiovascular conditions [42, 43].
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22.7	� Fourth Case Report

A 23-year-old woman was emergently admitted to the hospital because of upper 
gastrointestinal bleeding. Endoscopically, gastric ulcer Forrest III class was discov-
ered. Prior to admission, she daily used nonsteroidal anti-inflammatory drugs for 
1 year due to back pain and biliary colic. During anamnesis, we noticed an irregular 
menstrual cycle at 2 months and the impossibility of getting pregnant for 1 year. The 
patient had no history of alcohol consumption or drug use. During the physical 
examination, hirsutism, acne, and obesity were noticed, with an abdominal circum-
ference of 105 cm and a BMI of 33 kg/m2. Moreover, the patient had pain on palpa-
tion in the right hypochondrium and hepatomegaly.

Laboratory tests showed a mild level of hemoglobin of 9.4 g/dL. White blood 
cell count and platelet count were within normal limits. C-reactive protein was ele-
vated (2.0 mg/dL). The coagulation profile was in normal limits. LFT showed an 
alanine aminotransferase (ALT) of 155 U/L (reference range 15–36 U/L) and an 
alkaline phosphatase (ALP) of 110 (reference range 40–105 U/L). The lipid profile 
was modified with total cholesterol of 300 mg/dL, high-density lipoprotein (HDL) 
of 39  mg/dL, low-density lipoprotein (LDL) of 221  mg/dL, and triglycerides of 
200 mg/dL. Bilirubin and albumin had normal values. Hepatitis B surface antigen, 
hepatitis B virus core antibody, and hepatitis C virus antibody were all negative. 
Ceruloplasmin was within normal limits, while ferritin was lower than the normal 
value. The fasting plasma glucose level was 120 mg/dL. After stabilization of the 
upper gastrointestinal bleeding, a glucose tolerance test was performed, with a level 
of glucose of 153 mg/dL after 2 h, resulting in decreased glucose tolerance.

Abdominal ultrasound identified increased homogeneous echogenicity of the 
liver compared to the kidney and difficult identification of the hepatic veins and 
multiple hyperreflective images on the topography of the cholecyst. The structure of 
the ovaries was modified, each one having an increased volume (12 cm3). The evalu-
ation of the liver using VCTE with CAP showed an increased LSM and CAP 
(9.5 kPa and 310 dB/m). The cutoffs used for CAP were 285 dB/m for S1, 340 dB/m 
for S2, and 355 dB/m for S3, respectively. LSM cutoff staging values were as fol-
lows: F1 (mild), F2 (significant), F3 (advanced) fibrosis, and F4 (cirrhosis): 5.6–7.1, 
7.2–9.4, 9.5–12.4, and ≥12.5 kPa.

Through a multidisciplinary collaboration, an endovaginal ultrasound was per-
formed, each ovary having dimensions of 12 cm3 and at least 30 small cysts. According 
to the anamnesis, clinical, and ultrasound investigation, the supposition of polycystic 
ovary syndrome was set. The patient had all three Rotterdam criteria: clinical manifes-
tation of hyperandrogenism, sporadic ovulation, and polycystic ovarian changes. 
HOMA-IR was 3.6. The HOMA-IR was calculated based on fasting values of plasma 
glucose and insulin according to the HOMA model formula: HOMA-IR = IRI (μU/
mL)  ×  FPG (mg/dL)/405. Therefore, the laboratory tests focused on the hormone 
profile in order to exclude other etiologies. The levels of prolactin, thyroid hormones, 
cortisol, and ACTH were within physiological limits. The ratio of LH/FSH was 3 
(above the normal level of 2), while the increased level of testosterone and estradiol 
and the low level of progesterone supported the diagnostic assumption.
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Besides the reason for hospitalization (upper gastrointestinal bleeding, iron defi-
ciency anemia for which she received martial therapy and proton pump inhibitors), 
the patient was diagnosed with polycystic ovary syndrome, nonalcoholic steato-
hepatitis (NASH), decreased glucose tolerance, and high blood pressure grade 1 
with very high additional risk. In a setting of a multidisciplinary team, including a 
gastroenterologist, endocrinologist, diabetologist, and dietitian, besides the diet 
control and exercise for weight lost, the patient started oral administration with 
metformin for the reduction of insulin resistance. Moreover, due to the fact that the 
patient denied the intention of pregnancy, she received combined oral contraception 
with an antiandrogenic effect.

After a 6-month period of treatment, the patient lost 20 kg, with an improvement 
in the physical appearance (hirsutism) and menstrual cycle every 30 days. LFTs 
reached a normal range (ALT 40 U/L, AST 34 U/L), and the glycemic control was 
improved to 98 mg/dL. The abdominal ultrasound proved a diminished echogenicity 
of the liver. Moreover, the values for CAP and LSM reduced significantly (270 dB/m, 
8.6 kPa).

22.8	� Discussions

NAFLD represents a common cause of chronic liver disease worldwide, with a 
constantly increasing prevalence. Being a diagnostic of exclusion, common etiolo-
gies such as alcohol consumption and viral infections must be ruled out. Besides 
having a strong connection with obesity, unhealthy lifestyle, and metabolic syn-
drome, NAFLD is also linked with endocrinological disorders such as growth hor-
mone deficiency, glucocorticoid excess, reduced level of thyroid hormones, and 
polycystic ovary syndrome (PCOS) [44, 45].

PCOS is a pathology diagnosed among young women during the childbearing 
period. The prevalence varies between 4 and 21% worldwide, depending on the 
diagnostic criteria. In order to establish the endocrine pathology, Rotterdam stan-
dards are mostly used, with at least two criteria being necessary in order to confirm 
the disease: clinical manifestations of hyperandrogenism, sporadic ovulation or 
absence of ovulation, and imagistic confirmations of the polycystic ovarian changes. 
Moreover, other endocrine disorders must be ruled out: hyperprolactinemia, thy-
roid, and adrenal disorder, or androgen-secreting tumors [46, 47]. The simultaneous 
hepatic and ovarian dysfunctions were described for the first time by Brown et al. 
(2005) when a liver biopsy performed on a 24-year-old patient with PCOS and ele-
vated transaminase confirmed the NASH diagnosis [48]. Insulin resistance and obe-
sity are indicated as the main risk factors for the progression of NAFLD in 
PCOS. However, hyperandrogenemia also influences evolution, although the exact 
mechanism is not fully understood [49].

As in the majority of NAFLD cases, the patient does not present specific symp-
toms related to liver injury, with fatigue, malaise, and discomfort in the right hypo-
chondrium being the most frequent. A similar situation was described in our case, 
where the patient presented at the hospital due to upper gastrointestinal bleeding. 
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Standard management of NAFLD in PCOS does not exist, and current approach 
focused on lifestyle changes, pharmacological treatment, and bariatric surgery 
[50, 51].

Designing a diet that allows sustained weight loss and physical exercises are the 
first lines of treatment for overweight or obese patients. Moreover, it decreases the 
level of androgens and contributes to the normalization of menstrual cycles and the 
improvement of cardio-metabolic markers. In the case of the presented patient, the 
modification of the lifestyle had an important impact on the liver parameters by 
normalizing the enzymes of hepatocytolysis and decreasing the degree of fat load-
ing [52]. In a study that included 293 patients who followed a hypocaloric diet and 
moderate physical activity for 52 weeks, of those who managed to lose at least 10% 
of their body weight, in the case of 90%, the resolution was confirmed NASH, while 
at 45%, the level of fibrosis decreased significantly [53].

Used in clinical practice for over 60 years, as a first-line treatment for type 2 
diabetes, metformin is frequently used in PCOS to counteract insulin resistance. In 
the case of the presented patient, in addition to the significant decrease in body mass 
index and the reduction of the parameters evaluated by elastometry, the normaliza-
tion of the menstrual cycle and the improvement of hirsutism represent additional 
benefits of metformin [54]. An alternative to metformin is the GLP-1 receptor ago-
nist, liraglutide, whose effect of reducing insulin resistance, weight loss, and implic-
itly the fat load of the liver has been confirmed in various randomized studies such 
as Frøssing et al. whose 26 weeks’ trial with liraglutide proved a reduced liver fat 
content of 44% and decrease in visceral adipose tissue by 18% [55].

In conclusion, PCOS represents a complex pathology with silent damage to the 
liver parenchyma, without having a standardized approach. However, by identifying 
one of the specific manifestations, including NAFLD, the implementation of a ther-
apeutic strategy improves the quality of life.
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