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Nonalcoholic fatty liver disease (NAFLD) is a multisystem disease and is sig-
nificantly associated with obesity, insulin resistance, type 2 diabetes mellitus, 
metabolic syndrome, and cardiovascular disease. NAFLD has become the 
most prevalent chronic liver disease in Western countries, and the proportion 
of NAFLD-related cirrhosis among patients on liver transplantation waiting 
lists has increased. In light of the accumulated data about NAFLD, and to 
provide a common approach with multi-disciplines dealing with the subject, 
it has become necessary to create new guidance for diagnosing and treating 
NAFLD. This guidance was prepared following an interdisciplinary study 
under the leadership of the Turkish Association for the Study of the Liver 

(TASL), Fatty Liver Special Interest Group. This new TASL Guidance is a 
practical application guide on NAFLD and was prepared to standardize the 
clinical approach to diagnosing and treating NAFLD patients. This guidance 
reflects many advances in the field of NAFLD. The proposals in this guidance 
are meant to aid decision-making in clinical practice. The guidance is primar-
ily intended for gastroenterology, endocrinology, metabolism diseases, cardi-
ology, internal medicine, pediatric specialists, and family medicine specialists.

Keywords: Nonalcoholic fatty liver disease; nonalcoholic steatohepatitis; 
hepatosteatosis; noninvasive diagnostic tests; chronic hepatitis; cirrhosis.
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Introduction
Nonalcoholic fatty liver disease (NAFLD) is a disease characterized 
by abnormal fat accumulation in hepatocytes without the association 
of significant alcohol consumption. NAFLD is one of the most com-
mon causes of chronic liver disease and cirrhosis in Western countries 
and Türkiye.[1] The estimated prevalence of NAFLD is 25% worldwide. 
NAFLD can be encountered in a broad clinical spectrum, including 
fatty liver (NAFL), nonalcoholic steatohepatitis (NASH), liver fibrosis, 
cirrhosis, and hepatocellular carcinoma (HCC).[2–4]

In light of the accumulated data and information about NAFLD, and 
to provide a common approach with multi-disciplines dealing with 
the subject, it has become necessary to create new guidelines for 
diagnosing and treating NAFLD. This guidance was prepared fol-
lowing an interdisciplinary study under the leadership of the Turkish 
Association for the Study of the Liver (TASL), Fatty Liver Special 
Interest Group. The study group consisted of specialists in gas-
troenterology, endocrinology and metabolism diseases, cardiology, 
nephrology, pathology, radiology, pediatrics, and general surgery, 
who were interested in the topic. The study group was organized 
into four subgroups, as follows;
1. Terminology, epidemiology, and natural course; 
2. Associated metabolic disorders;
3. Diagnosis; and
4. Treatment approach.
NAFLD topics were distributed among the subgroups according to the 
group topics. Group members reviewed the current national and inter-
national data on their issues, studied the published guidelines, and re-
flected on their personal experiences; following this, initial report drafts 
were written. Finally, the group members discussed these texts, and the 
report was prepared. All group reports were then combined to form the 
NAFLD Clinical Practice Guidance.
This guidance is a practical application guide on NAFLD and were 
prepared to standardize the clinical approach to diagnosing and treat-
ing NAFLD patients. The proposes in this guidance are meant to aid 
decision-making in the clinical practice. The guidance is primarily in-
tended for gastroenterology, endocrinology, metabolism diseases, car-
diology, internal medicine, pediatric specialists, and family medicine 
specialists. Still, they can also aid all physicians and researchers in-
terested in NAFLD.

Terminology, Epidemiology, and Natural Course
Terminology 
NAFLD is characterized by abnormal fat accumulation in the liver with-
out associated alcohol consumption (Table 1). To diagnose NAFLD, the 
following conditions must be met:
1. Fatty liver should be demonstrated by one of the following methods:

a. Radiologically, any degree of steatosis is seen through abdom-
inal ultrasonography (US), or detection of steatosis above the 
threshold value determined in another imaging method: or

b. Histologically, more than 5% of hepatocytes are fatty.
2. Alcohol consumption should not exceed the specified limits (20 g/

day for women; 30 g/day for men) or no alcohol.
3. Causes that may lead to secondary fatty liver or other accompany-

ing chronic liver diseases that may accompany should be excluded. 

The secondary reasons for fatty liver are summarized in Table 2. The 
diagnosis of NASH is histological and should not be used except in 
cases confirmed by liver biopsy.
Demonstrating the close relationship between NAFLD and metabolic 
disorders has prompted further discussion of the definition of NAFLD 
from a new perspective. In 2020, the consensus of a group of experts 
dealing with the subject from 22 countries suggested renaming NAFLD 
as “Metabolic Disease-Associated Fatty Liver Disease (MAFLD)”.[5,6] 
It is thought that the MAFLD definition reflects metabolic dysfunction 
and better explains the pathogenesis of fatty liver disease. According to 
this definition, for patients who have abnormal fat accumulation in hep-
atocytes detected by imaging methods and/or liver biopsy, the presence 
of at least one of the following criteria must be present for MAFLD to 
be diagnosed (Figure 1):
• Being overweight or obese;
• Type 2 Diabetes Mellitus (T2DM); or
• Presence of at least two criteria of metabolic dysfunction.
The word alcoholic/alcohol consumption in NAFLD can lead to mis-
understandings and stigmatization.[7,8] In addition, the definitions of 
“non” or “nonalcoholic” are not considered appropriate because they 
trivialize the disease.[7,8] For the NAFLD diagnostic criteria used to 
date, excluding other chronic liver diseases, including excessive alco-
hol use, is mandatory. MAFLD diagnostic criteria have been expanded 
to cover fatty liver associated with alcohol use and other chronic liver 
diseases. Thus, the definition of “patients with dual combined etiol-
ogy” was created.
On the other hand, there still needs to be a consensus on replacing 
the term NAFLD with MAFLD. Instead of separating patients who 
underwent liver biopsy into NAFL and NASH, define the condition 
by specifying the degree of disease activity and fibrosis. Similarly, 
for the definition of “NASH cirrhosis,” it is more convenient to use 
“MAFLD-associated cirrhosis” in patients with cirrhosis who still meet 
the MAFLD diagnostic criteria currently or who did so in the past. The 
term “cryptogenic cirrhosis” in patients with cirrhosis who meet these 
criteria should be avoided. 

Table 1. The Definition of the Clinical Spectrum of NAFLD

NAFLD: Characterized by abnormal fat accumulation in the liver, 
unrelated to alcohol use, and can be encountered in a broad clinical 
spectrum ranging from fatty liver, steatohepatitis, liver cirrhosis, and 
hepatocellular cancer.

NAFL: Can be caused by steatosis alone, or lobular inflammation may 
accompany steatosis without ballooning. Fibrosis may be present in 
some cases, especially in patients with lobular inflammation. NAFL has 
a shallow risk of progression to cirrhosis.

NASH: A condition in which steatosis is accompanied by inflammation 
and ballooning with or without fibrosis. NASH is considered a 
progressive form of NAFLD.

NASH Cirrhosis: Cirrhosis in patients with previously known or newly 
detected fatty liver/steatohepatitis. 

HCC: The development of HCC in NAFLD patients. It has been 
reported that developing HCC without cirrhosis in the context of NASH 
is possible.

NAFLD: Nonalcoholic fatty liver disease; NAFL: Nonalcoholic fatty liver; NASH: 
Nonalcoholic steatohepatitis; HCC: Hepatocellular carcinoma.
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Epidemiology and Risk Factors
NAFLD prevalence varies by geographic region and ethnicity. While 
the Middle East, South America, and Asia have the highest preva-
lence (>27%), the prevalence is lower (14%) in Africa.[1] Lifestyle 
changes (diet, physical activity, socioeconomic status) and environ-
mental factors affect the disease’s frequency, severity, and course. 
Based on the limited data available, the prevalence of NASH is esti-
mated that 3%–6% of the population in the United States (USA) have 
NASH.[9,10] NAFLD often coexists with; obesity, insulin resistance 
(IR), T2DM, metabolic syndrome (MetS), dyslipidemia, and cardio-
vascular diseases (CVD) (Table 3). NAFLD prevalence is higher in 
those with metabolic diseases than in the general population.[11–13] 
NAFLD is detected in 75%–80% of obese patients, 56%–70% of pa-
tients with T2DM, approximately 70% of patients with MetS, and 
70% of those with dyslipidemia.[2,3,10] Furthermore, metabolic dis-
orders are more common in those with NAFLD and NASH (Table 
4).[1,11,13] Few studies have been conducted to determine the incidence 
of NAFLD, which differs in the method used for diagnosis. While 
NAFLD incidence is 20–86 per 1,000 person-years in patients with a 
US finding and/or high liver enzyme levels, with magnetic resonance 
imaging (MRI) imaging, the incidence is calculated as 34 per 1,000 
person-years.[1,12]

According to the World Health Organization (WHO), Türkiye has the 
highest obesity rate in Europe, at 32%.[13] According to Turkish Dia-
betes Epidemiology (TURDEP) data from 1998 (TURDEP I) and 2010 
(TURDEP II)-studies that were carried out in 540 centers to determine 
the prevalence and risk factors of obesity, diabetes, and hypertension in 
the adult population in Türkiye-within 12 years, Diabetes Mellitus (DM) 
frequency increased from 7.2% to 16.5%. Obesity prevalence increased 
from 22% to 36%.[13,14] In line with the increasing trend in obesity and 
DM prevalence, the prevalence of NAFLD is estimated to be more than 
30% in Türkiye. In the screening studies conducted in Türkiye, the fre-
quency of NAFLD was between 48% and 60%, placing Türkiye among 
the countries with the highest prevalence of NAFLD globally.[1,15]

In addition to metabolic disorders, age, sex, and ethnicity affect the de-
velopment of NAFLD. The gender distribution differs in NAFLD, such 
that being male has been considered a risk factor; however, data are con-
troversial. Patients are often diagnosed at the age of 40–50 years. The 
prevalence of NAFLD and the stage of the disease appear to increase with 
age. NAFLD is an insidious and progressive disease. The role of ethnicity 
and its impact on NAFLD has been discussed over the years. Hispanic 
individuals have a significantly higher prevalence of NAFLD. However, 
it suggested that the ethnic differences reported for NAFLD may be 
explained by the genetic variations related to the gene mutation.[2,4,16,17] 
Moreover, the at-risk groups for NAFLD should be identified (Table 3).

Natural Course of NAFLD
NAFLD patients have higher mortality rates and shorter survival times 
than the general population.[18–22] Mortality is related to cardiovascular 

Table 2. Secondary Causes of Hepatic Steatosis

Diseases

 Alcohol-related liver disease (ALD)

 Hepatitis C viral infection (genotype 3)

 Wilson’s disease

 Abetalipoproteinemia, hypobetalipoproteinemia 

 Lipodystrophy

 Long-term starvation

 Lecithin-cholesterol acyltransferase (LCAT) deficiency

 Cholesterol ester storage disease 

Drugs

 Macrovesicular steatosis

  Amiodarone

  Corticosteroid

  Methotrexate

  Chemotherapeutic agents (Tamoxifen, 5-Fluorouracil,  
  Irinotecan, Cisplatin, Asparaginase)

  Total parenteral nutrition

 Microvesicular steatosis

  Tetracycline

  Valproic acid

  Nucleoside reverse transcriptase inhibitors

  Corticosteroid

  Cocaine

 Steatohepatitis

  Amiodarone

  Methotrexate

  Tamoxifen

  Irinotecan

ALD: Alcohol-related liver disease; LCAT: Lecithin-cholesterol acyltransferase.

Table 3. NAFLD-Related Diseases and Risk Factors

Major risk factors Minor risk factors

Being overweight/obese  Hyperuricemia

Type 2 diabetes mellitus Hypothyroidism

Insulin resistance Intestinal microbiota dysbiosis

Hypertension Sleep apnea syndrome

Metabolic syndrome  Polycystic ovary syndrome

Dyslipidemia Genetic factors: PNPLA3, TM6SF2

 Epigenetic factors: DNA methylation,  
 micro-RNA’s

PNPLA3: Patatin-like phospholipase domain-containing protein; TM6SF2: Trans-
membrane 6 superfamily member 2.

Table 4. Frequency of Metabolic Disorders in NAFLD and 
NASH Patients

 World (%)  Türkiye (%)

 NAFLD NASH NAFLD NASH

Obesity 51 82 41 61

Dyslipidemia 70 72 90 62

Metabolic syndrome 43 7 47 63

Hypertension 39 68 29 37

Type 2 diabetes mellitus 23 44 22 34

NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.
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disease (CVD) and nonhepatic malignancy, followed by liver disease.
[20,21] Based on a previous statistical study, liver disease in the general 
population of the USA was the 12th most common cause of death, and 
it was ranked third among NAFLD patients.[22] Liver fibrosis level and 
steatohepatitis are reliable findings that can predict the clinical course 
of NAFLD and liver-related outcomes and mortality.[23–27] In cases in 
which the level of fibrosis was evaluated with control biopsies, it has 
been demonstrated that fibrosis can progress, regress, or remain stable 
among NAFL and NASH patients. It has been reported that in 30%–
40% of NASH cases, fibrosis will progress, 40%–50% will remain sta-
ble, and 10%–20% will regress.[28–30] NASH patients and patients with 
stage 2 or higher fibrosis have a higher risk of liver-related morbidity 
and mortality.[24,28–30] Female gender, advanced age (>50 years), pres-
ence of T2DM, obesity, MetS, and high ferritin levels are defined as 

factors that negatively affect the natural course of NAFLD.[31,32] IR is 
universal in NAFLD patients. IR is present in the liver, muscle, and 
adipose tissue and promotes disease progression.[24,28,29] Genetic poly-
morphisms, such as PNPLA3 and TM6SF2 gene polymorphisms, have 
been linked to fibrosis progression, the severity of the disease, and the 
development of HCC; however, this information is not used in routine 
clinical practice today.[33,34] Systemic inflammation also contributes to 
disease progression.[24,28,29,31]

NAFLD has high morbidity and mortality rates.
NAFLD can progress, remain stable, or regress.
Liver fibrosis predicts disease progression and is influenced 
by the severity of baseline disease, genetic and environ-
mental factors, and the presence and severity of concomi-
tant metabolic disorders.

NAFLD and Concomitant Metabolic Diseases
Endocrine, metabolic, cardiac, renal, and other diseases can co-exist 
with NAFLD. These accompanying diseases affect NAFLD devel-
opment, the disease’s natural course, and the treatment response. 
Here, recommendations for diagnosing, treating, and following con-
ditions accompanying NAFLD are offered in light of the available 
scientific evidence.

Diabetes, Obesity, Dyslipidemia, and Hyperuricemia
IR, T2DM, MetS, hypertension, dyslipidemia, and hyperuricemia are 
associated with NAFLD.[2,3,35–40] T2DM is the most critical factor for 
developing NAFLD, disease progression, advanced fibrosis, and HCC.
[36] Patients with T2DM have a higher prevalence of NAFLD. IR is the 
most critical responsible mechanism in the pathogenesis of T2DM and 
NAFLD.[35–37] The relationship between T2DM and NAFLD is bidirec-
tional. It has been reported that NAFLD increases the risk of incident 
diabetes by 2–5 times and the risk of CVD by 2–3 times.[2,3,37–41] In-
creased secretion of diabetogenic hepatokines such as retinol-binding 
protein 4 (RBP-4), fetuin-A, and fibroblast growth factor 21 (FGF-21); 
increased inflammatory biomarkers, such as C-reactive protein, tumor 
necrosis factor-alpha, and interleukin 6; increased hepatic gluconeo-
genesis; and glycogen synthesis in NAFLD cause an increase in the 
risk of developing T2DM.[37–41] Moreover, hepatic lipid (diacylglycerol) 
accumulation also contributes to the development of DM by disrupting 
insulin signaling and causing IR.[37,41]

Today, an unhealthy diet and a sedentary lifestyle significantly increase 
fructose consumption and contribute to developing NAFLD in all age 
groups by increasing de novo lipogenesis in the liver.[3,41,42] Fructose is 
a factor that causes hepatosteatosis and accelerates the progression of 
the existing disease by increasing oxidative stress and causing mito-
chondrial dysfunction and endoplasmic reticulum stress. In addition, 
fructose metabolizes in the liver and contributes to the formation of 
uric acid. Hyperuripredisposesispose patients to developing NASH in 
association with IR.[3] Diabetic patients are at higher risk for NASH 
and advanced fibrosis. With NASH and T2DM, the risk of developing 
cirrhosis and HCC increases 2–4 times.[2,3,35,37,39,43,44] In T2DM patients, 
the risk of death from chronic liver disease is approximately three times 
higher than in the non-diabetic population.[36]

Figure 1. Diagnostic Scheme of Metabolic Disease-Associated Fatty 
Liver Disease (MAFLD).

Hepatic steatosis

(By any imaging modality or blood 
biomarker/scores or liver biopsy)

Type 2 diabetes mellitusOver-weight or obese
(BMI ≥25 kg/m2)

MAFLD

Other chronic liver diseases

Yes

Yes No

MAFLD Dual etiology

No

Presence of at least 
two metabolic risks

• Waist circumference ≥88 cm 
for women, ≥102 cm for men

• Blood pressure ≥130/85 
mmHg or being on 
antihypertensive therapy

• Plasma triglyceride level ≥150 
mg/dl or receiving treatment 
for it

• Plasma HDL level <40 mg/dl 
for men, <50 mg/dl for women

• Prediabetes (fasting plasma 
glucose level: 100–125 mg/dl 
or glucose at the second hour 
of oral glucose tolerance test: 
140-199 mg/dl or 
HbA1c: 5.7%–6.4%)

• Homeostasis model 
assessment (HOMA)- insulin 
resistance score ≥2.5

• Plasma hsCRP >2 mg/dl
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For the adult population in Türkiye, based on the data from the 
TURDEP-I and TURDEP-II studies, central obesity is defined accord-
ing to waist circumference, 
• For women, ≥91 cm; and
• For men, ≥95 cm.[13,14]

For the diagnosis of prediabetes, one of the following criteria must be met.
• Impaired fasting glucose, fasting blood sugar is 100–125 mg/dl,
• Impaired glucose tolerance, second-hour blood glucose level dur-

ing the oral glucose tolerance test (OGTT) is 140–199 mg/dl; or
• High-risk group (HbA1c value is 5.7%–6.4%)

MetS diagnostic criteria for the Turkish population are de-
fined as follows. For the diagnosis of MetS, three or more 
of these criteria must be present:

• Increased waist circumference (≥91 cm in women, ≥95 
cm in men);

• High blood pressure (≥130/85 mmHg) or taking antihyper-
tensive therapy;

• High fasting triglyceride (≥150 mg/dl) or taking specific 
drug therapy;

• Decreased high-density lipoprotein (HDL) cholesterol (<50 
mg/dl in women, <40 mg/dl in men),

• Prediabetic; and
• HOMA-IR score ≥2.5.

Metabolic Diagnostic Tests in Patients with NAFLD
Since the risk of MetS and T2DM increases in patients with NAFLD, 
MetS components, such as fasting serum triglyceride, total cholesterol, 
HDL cholesterol, creatinine, uric acid, and arterial blood pressure, 
should be investigated in these patients. Also, fasting blood glucose, 
HbA1c, and, if necessary, standard OGTT should also be monitored for 
the development of diabetes. Diabetes is diagnosed when fasting blood 
glucose exceeds 126 mg/dl at two-time points. In the standard OGTT 
test, a blood glucose level of ≥200 mg/dl at the second hour confirms 
the diagnosis. For individuals who have a complaint of polydipsia or 
polyuria, a blood glucose level of ≥200 mg/dl at any time is also diag-
nostic of diabetes. When T2DM is detected, NAFLD patients should be 
referred to the diabetes clinic for blood glucose regulation and follow-
up.[2,3,45] Patients with prediabetes or T2DM should be investigated for 
the presence of NAFLD every 6–12 months.

In all NAFLD patients;
• Waist circumference should be measured,
• Blood pressure should be measured and monitored,
• Fasting lipid profile should be checked,
• HOMA-IR should be calculated,
• Should be screened for the presence of T2DM, and
• An evaluation should be made in terms of diagnosing 

MetS.

Obese patients, patients with IR, DM, and/or MetS should 
be screened for the presence of NAFLD.

Management of Metabolic Disorders
Since the CVD risk is higher in patients with NAFLD compared to 
the normal population, in the management of diabetes, CVD risk-re-
ducing drugs should be initially preferred. Glucagon-like peptide-1A 
(GLP-1A) and sodium-glucose transporter-2 inhibitors (SGLT2i) can 
be prioritized over other agents in diabetic patients who cannot achieve 
adequate glycemic control with metformin therapy. Pioglitazone is a 
drug that positively affects hepatosteatosis and fibrosis; however, it 
should be used cautiously due to the risk of bone loss, bone fractures, 
fluid retention, and edema. Insulin is safe and should be considered first 
n patients with advanced liver disease.
The close relationship between NAFLD and hypertension is well estab-
lished.[2–4] The risk of progression to fibrosis and liver-related morbidity 
increases among NAFLD patients with hypertension.[2,3] Strict blood 
pressure control is recommended in hypertensive NAFLD patients. The 
approach to treating hypertension is in line with current principles in 
the general population, beginning with lifestyle changes (regulation of 
diet and physical activity, salt restriction, alcohol restriction, not using 
cigarettes and other tobacco products).[27,29,39] Because the renin-an-
giotensin-aldosterone system (RAAS) may affect fibrosis as an anti-
hypertensive agent, the renin-angiotensin system (RAS) blockers, such 
as angiotensin-converting enzyme inhibitors (ACEI) and angiotensin 
receptor blockers, should be preferred.[27,39] Allopurinol may be recom-
mended when lifestyle changes cannot improve serum uric acid levels.

In the treatment planning for T2DM patients, approaches 
that prevent the development and progression of NAFLD 
should be included.

Cardiovascular Disease
There is a bidirectional relationship between NAFLD and CVD.[46] 
Considering the close relationship between NAFLD and MetS com-
ponents, an increased risk of CVD is expected in those with NAFLD. 
Furthermore, it is suggested that NAFLD may cause CVD indepen-
dently of the classical cardiovascular risk factors.[47] It is thought that, in 
addition to conventional cardiovascular risks factors, such as diabetes, 
hypertension, and dyslipidemia, many secondary risk factors accom-
panying NAFLD, such as hyperuricemia, hypoadiponectinemia, and 
proinflammatory cytokines, may be responsible for the increase in the 
frequency of CVD in patients with NAFLD.[48] It should not be for-
gotten that NAFLD is closely related to cardiovascular mortality and 
associated with liver-related mortality. The probability of a nonfatal 
cardiovascular event or death from cardiac causes is increased twice 
in patients with NAFLD compared to the general population.[49] Car-
diovascular events that can be seen in patients with NAFLD include:
• Atherosclerosis (coronary artery disease, ischemic stroke, periph-

eral artery disease);
• Arrhythmias (atrial fibrillation, conduction disturbances, QT pro-

longation, ventricular premature beats);[50]

• Myocardial involvement (left ventricular hypertrophy, left atrial en-
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largement, diastolic dysfunction, heart failure with preserved ejec-
tion fraction),[51] and

• Valve diseases (valve calcifications, aortic valve sclerosis, mitral 
annulus calcification).[52]

The first step in cardiovascular evaluation in patients with NAFLD is to 
question the patient for cardiac symptoms, such as chest pain, dyspnea, 
or palpitations. Patients with cardiac symptoms should receive a detailed 
cardiovascular evaluation. It should not be forgotten that subclinical 
atherosclerosis may be present in patients without cardiac symptoms.[51] 
Guidelines on preventing CVD are recommended for calculating absolute 
cardiovascular risk for all adults over 40 years of age or for those at risk 
regardless of age, using risk calculation tools.[53–55] This risk calculation 
should be repeated every five years. The purpose of risk classification 
is to be able to initiate risk-reducing interventions early. Therefore, it is 
recommended to calculate the baseline absolute cardiovascular risk inde-
pendent of age in adult NAFLD patients. Various risk classification sys-
tems can be used to determine cardiovascular risk. Systematic Coronary 
Risk Estimation (SCORE) or Atherosclerotic Cardiovascular Disease 
(ASCVD), derived from the Pooled Cohort equation, is used today.
In one study, approximately one-half of NAFLD patients had a mod-
erate or high ten-year risk of atherosclerotic CVD.[56] In addition, the 
degree of hepatosteatosis correlates with ASCVD risk scores.[57] The 
SCORE system, recommended by the European Society of Cardiology, 
predicts the ten-year cumulative risk for the first fatal cardiovascular 
event. The SCORE system offers different calculation options for var-
ious low- or high-risk regions. It has also been recalibrated using data 
from Türkiye and can be accessed at http://www.heartscore.org. The 
calculated SCORE risk is as follows:
• <1% is low risk,
• 1% to <5% is moderate risk,
• 5% to <10% is a high risk, and
• 10% or more is considered very high risk.
Patients with known atherosclerotic CVD, target organ damage, long-
term diabetes of more than ten years, moderate to severe chronic kid-
ney disease, and familial hypercholesterolemia directly fall into the 
high- or very high-risk group.[54] The European Society of Cardiology 
guidelines consider NAFLD a “modifying factor” and suggest keep-
ing in mind that NAFLD patients can be classified into a higher class 
than the SCORE risk calculated during treatment planning. Where the 
calculated risk is low or medium, additional imaging studies may be 
helpful for treatment planning. With coronary artery calcium (CAC) 
scoring, an Agatston score greater than 100 or detecting arterial plaque 
load (femoral or carotid) on the arterial US will increase the patient’s 
risk group.
The most crucial step in preventing atherosclerotic CVD, heart failure, 
and atrial fibrillation, independent of the risk level, is to adopt a healthy 
lifestyle that includes not smoking, eating a balanced diet, and engaging 
in regular exercise. The risk calculation guides the initiation of medical 
treatments. Different low-density lipoprotein (LDL) values are targeted 
at different risk levels to increase ease of application. Various lipid-
lowering therapies, beginning with statins, are recommended to achieve 
these goals. In anti-lipidemic therapy, targeted LDL values are:
• <55 mg/dl for very high-risk patients,
• <70 mg/dl for high-risk patients,
• <100 mg/dl for moderate-risk patients, and
• <116 mg/dl for low-risk patients.

The initiation of antihyperlipidemic therapy is recommended in patients 
with serum LDL levels of more than 190 mg/dl, regardless of risk clas-
sification. Statins have been reported to reduce the likelihood of cardio-
vascular events in NAFLD patients.[58,59] Hypertriglyceridemia can be 
managed through lifestyle changes. However, aspirin reduces the risk 
of nonfatal myocardial infarction and increases the risk of severe bleed-
ing and hemorrhagic stroke in individuals without known CVD. There-
fore, its use is not recommended for the primary prevention of CVDs.[60]

Echocardiographic findings, such as left ventricular hypertrophy, de-
terioration in left ventricular geometry, left atrial dilatation, diastolic 
dysfunction, increased epicardial fat thickness, and valve calcifications, 
can be seen in patients with NAFLD.[52,61] However, indications for 
echocardiographic examination in NAFLD patients do not differ from 
the general population. An echocardiographic examination is indicated 
in patients with unexplained dyspnea, abnormal rhythm on electrocar-
diogram, patients with chest pain or dyspnea and a murmur heard, or 
when clinical evaluation indicates structural heart disease. Presenting 
with dyspnea, in the presence of other risk factors, such as hypertension 
and obesity, “heart failure with preserved ejection fraction” may exist 
in NAFLD patients. In an echocardiographic evaluation, diastolic and 
systolic functions should also be evaluated in detail.
Since there is a bidirectional relationship between NAFLD and CVD, 
NAFLD patients with symptoms and findings suggestive of CVD, and 
NAFLD patients with high or very high-risk scores, should be referred to a 
cardiologist. However, for patients presenting to the cardiology clinic with 
atherosclerosis or MetS components, it should be kept in mind by cardi-
ologists should keep in mind that NAFLD may also be a factor, and these 
patients should be sent to a gastroenterologist to be evaluated for NAFLD.

• Baseline cardiovascular risk using risk assessment sys-
tems, such as the SCORE risk score, should be deter-
mined in adult NAFLD patients.

• In patients with low or moderate cardiovascular risk, CAC 
scoring or evaluation of carotid/femoral artery plaque load 
should be conducted to aid treatment decisions. 

• A detailed cardiovascular evaluation should be made in 
NAFLD patients with cardiac symptoms such as chest 
pain, dyspnea, or palpitations.

• Statins are recommended for CVD risk reduction in NAFLD 
patients 

• The presence of NAFLD should be investigated in patients 
admitted to the cardiology outpatient clinic due to MetS or 
CVD.

Chronic Kidney Disease
It has been reported that the prevalence and incidence of chronic kidney 
disease (CKD) are increased in NAFLD patients.[62–64] This relationship 
is independent of the common risk factors for both diseases, such as 
diabetes, hypertension, and obesity.[62–64] The presence of NAFLD in-
creases the prevalence of CKD in individuals with initially normal renal 
functions.[62] The prevalence of CKD was higher in patients with NASH 
than in patients with NAFL.[65,66] Metabolic risk factors, such as obesity, 
IR, DM, dyslipidemia, and hypertension, play an essential role in the 
development and progress of NAFLD and CKD. This situation makes 
revealing a direct causal relationship between the two diseases difficult.
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Systemic mediators released from the fatty and inflamed liver (reactive 
oxygen radicals, advanced glycosylation end products, C-reactive pro-
tein, proinflammatory, pro-fibrogenic and anti-fibrinolytic molecules [fe-
tuin-A, fibroblast growth factor-21, tumor necrosis factor-alpha (TNF) 
-α], transforming growth factor-β, and plasminogen activator inhibitor-1) 
play a role in the development of kidney and liver damage.[62,63,67] In ad-
dition, obesity-related mechanisms (lipotoxicity, oxidative stress, in-
creased proinflammatory cytokine synthesis, and activation of the RAAS 
system) have been suggested as possible pathogenetic mechanisms.[67]

NAFLD patients, especially patients with steatohepatitis, should be 
screened for CKD. Many methods have been proposed for evaluating 
renal function in these patients. Measuring the estimated glomerular fil-
tration rate (eGFR) and evaluating the albumin/creatinine ratio (ACR) 
in spot urine examinations to determine microalbuminuria are simple, 
inexpensive, practical, and beneficial methods for identifying renal dys-
function in such patients.

CKD Definition and Staging
CKD is defined by the degree of renal dysfunction and the presence 
of kidney damage, regardless of the type of kidney disease. CKD is 
defined as, for three months or longer, a GFR less than 60 ml/min/1.73 
m² or the presence of structural or functional abnormalities (normal or 
decreased GFR) of kidney damage.[68] The guidelines offered in “Kid-
ney Diseases 2012: Improving Global Outcomes” (Kidney Disease; 
Improving Global Outcomes [KDIGO]) defined CKD as abnormalities 
in kidney structure and function that persist for more than three months 
and have health implications.[69] As markers of kidney damage, albu-
minuria, urinary sediment abnormalities, abnormalities due to tubular 
disorders, histologically detected abnormalities, structural abnormali-
ties detected by imaging methods, and a history of kidney transplanta-
tion were determined (Table 5).
GFR and albuminuria are independent and complementary factors of 
CKD progression, end-stage renal disease, acute kidney injury, cardio-
vascular mortality, and all-cause mortality.[69] This new classification 
proposed in the KDIGO guidelines may guide the prognosis prediction 
regarding progression rate and complication risks. Serum creatinine 
level alone is not sufficient to diagnose CKD. Because of high creati-
nine levels, approximately 50% of renal functions must be lost. Serum 

creatinine levels vary according to patient characteristics (age, gender, 
race, body weight, muscle mass, diet, etc.). Estimated GFR, adjusted 
for age, gender, race, and body weight, is reliable. GFR measurement is 
considered the best measure of kidney filtration ability in cases of sick-
ness and health.[69] Frequently, three validated methods are used for the 
determination of GFR based on the measurement of serum creatinine 
levels: the Modification of Diet in Renal Disease (MDRD) equation,[68] 
the Cockcroft-Gault formula, and the Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) equation. The CKD-EPI equation 
has been shown to provide better results, especially at higher-than-nor-
mal GFR values.[70]

Conversely, proteinuria is a sensitive marker of kidney damage in many 
CKD types, such as DM, hypertension, and glomerular disease. The 
Tamm-Horsfall glycoprotein, synthesized from the renal tubules, con-
stitutes the plurality (40%) of the proteins normally found in the urine. 
Normal protein excretion is less than 150 mg/day in adults. Proteinuria 
is mentioned when daily urinary protein excretion exceeds this thresh-
old. The determination of microalbuminuria is a sensitive test to indi-
cate early kidney damage.[71] Since many factors affect urine albumin 
and protein concentration, such as the urine collection technique, exer-
cise, and urinary tract infection, measuring the albumin/creatinine and 
protein/creatinine ratios in spot urine samples is recommended. The 
protein/creatinine ratio is compatible with 24-hour proteinuria if renal 
functions are stable. An albumin (mg)/creatinine (gr) ratio of less than 
30 is considered normal, a 30–300 suggests microalbuminuria, and a 
value greater than 300 indicates macroalbuminuria.
Measuring GFR (using the MDRD or CKD-EPI formula) and evalu-
ating the ACR to assess kidney function are recommended in patients 
with NAFLD. NAFLD patients with low GFR or microalbuminuria 
should be referred to a nephrologist to rule out other causes of CKD 
and to follow up on the disease. A correlation has been observed be-
tween microalbuminuria and a higher stage of fibrosis in patients with 
NAFLD.[72] A meta-analysis found that the presence of advanced fibro-
sis in NAFLD patients was associated with a higher CKD prevalence 
(odds ratio [OR] 5.20; 95% confidence interval [CI] 3.14–8.61) and 
incidence (OR 3.29; 95% CI 2.30–4.71), independent of other risk 
factors.[73] There was a positive relationship between NAFLD sever-
ity and CKD stage.[73,74] In long-term follow-up of NAFLD patients, 
it was found that the risk of CKD stage 3 or higher (eGFR <60 mL/
min/1.73m2) increased 1.45 times.[74] RAAS blockade treatment is rec-
ommended in NAFLD patients with microalbuminuria if there is no 
contraindication.[67]

The frequency of CKD is increased in patients with NAFLD. 
Microalbuminuria is an important diagnostic method for 
identifying early kidney damage. It is recommended to mea-
sure albumin/creatinine or protein/creatinine ratios in spot 
urine samples to screen for CKD in patients with NAFLD.

Lean NAFLD
NAFLD can also be seen in individuals with average weight (BMI <25 
kg/m2 or <23 kg/m2 in Asian populations). In a recent systematic review 
and meta-analysis, the prevalence of normal-weight NAFLD cases was 
reported as 5% in the general population and 19% in the NAFLD popu-
lation.[75] In two studies conducted in Türkiye, the corresponding ratios 
were 6.4% and 7.6%, respectively.[76,77] In another study, 4.3% of patients 

Table 5. Chronic Kidney Disease Criteria According to 2012 
KDIGO Guidelines

CKD Criteria

At least one criterion must exist for more than three months

Markers of kidney damage

• Albuminuria (AER ≥30 mg per 24 hours, ACR ≥30 mg/gr)

• Urine sediment abnormalities

• Abnormalities due to tubular disorders

• Histological abnormalities

• Structural abnormalities detected by imaging methods

• Kidney transplant history

GFR reduction

GFR <60 ml/min/1.73 m2.

KDIGO: Kidney Disease: Improving Global Outcomes; CKD: Chronic kidney 
disease; GFR: Glomerular filtration rate; AER: Albumin excretion ratio; ACR: 
Albumin/creatinine ratio.
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with NASH were found to be of average weight.[78] Among normal-
weight individuals, the prevalence of NAFLD was 10.6%, and the inci-
dence of NAFLD was 23.2 per 1,000 person-years (95% CI 7.3–48.0).[75]

Metabolic abnormalities similar to those of the obese have been de-
scribed in some normal-weight people.[79] This group of patients is 
called metabolically obese but normal weight. These individuals show 
the characteristic metabolic profile of IR.[80,81] Normal weight NAFLD 
occurs at younger ages.[82] IR, T2DM, hypercholesterolemia, and hy-
pertension were higher in normal-weight NAFLD patients than in 
normal-weight and non-fatty liver patients.[82] Approximately 13% of 
normal-weight NAFLD patients have IR.[82] MetS components are gen-
erally less common in normal-weight NAFLD patients than in obese or 
overweight NAFLD patients (2%–48% vs. 22%–64%).[83] 
The PNPLA3 rs738409 GG allele was detected more frequently in Asian 
and non-MetS normal-weight NAFLD patients.[83–85] It has been sug-
gested that this feature may be the reason for the similar prevalence among 
Caucasians, despite the lower metabolic load in Asian populations.[83–85] 
Genetic deficiency of phosphatidylethanolamine N-methyltransferase 
(PEMT) has increased the risk of NASH in normal-weight individuals.
[84,86] Other genetic variants associated with normal-weight NAFLD are 
CETP rs12447924 and rs12597002, TM6SF2 rs58542926 C, and inter-
feron lambda-4 rs368234815 TT polymorphisms.[86] In addition, it has 
been suggested that intestinal microbiota and metabolomic profiles may 
play a role in pathogenesis.[87–89] It is believed that pathways similar to 
those in obese NAFLD patients are activated in progression to NASH in 
normal-weight NAFLD patients.[86] No significant difference was found 
between the diets of normal weight and obese NAFLD patients.[90] Gen-
erally, it has been suggested that, among normal-weight people, those 
with NAFLD consume more total calories than those without.[91] How-
ever, there was no difference between normal-weight NAFLD patients 
and normal-weight individuals without steatosis regarding the amount 
of food and beverages consumed and the number of calories ingested.[82]

There are limited histological data available for normal-weight NAFLD 
patients. In two European studies, 50% and 65% of NAFLD patients 
of normal weight were found to have NASH. There were no signifi-
cant differences between obese and non-obese patients regarding the 
severity of hepatic inflammation and fibrosis.[92,93] In some studies, 
the severity of steatosis and fibrosis was lower in the normal-weight 
NAFLD patient group than among overweight or obese patients.[94–96] 
Data on the prognosis of the disease are controversial. In some stud-
ies, normal-weight NAFLD patients have been found to have a higher 
risk of developing severe liver disease and have a shorter cumulative 
life span than overweight or obese NAFLD patients.[94,97–99] However, 
a study conducted in the USA reported that the prevalence of cirrho-
sis in NAFLD patients of average weight was lower than that among 
overweight or obese NAFLD patients.[100] A 19-year follow-up study 
in Japan found that NAFLD patients with and without normal weights 
did not differ in mortality and liver-related event rates.[101] A recently 
published systematic review and meta-analysis reported that hepatic 
and extra-hepatic comorbidities develop significantly in long-term fol-
low-up among normal-weight patients. The investigators reported that 
NAFLD might have a progressive course in normal-weight patients.[75]

Diagnosis is usually made by detecting fatty liver in routine abdominal 
US. Non-invasive diagnostic methods and scores are used to predict 
fibrosis in NAFLD patients. These tests have not been separately vali-
dated for normal-weight NAFLD patients. There are limited data on the 
management of NAFLD in normal-weight patients. The general prin-
ciples in the treatment approach are the same as those in overweight or 

obese NAFLD patients. Diet and lifestyle changes also have effective 
in normal-weight NAFLD patients.[102] The principles of using current 
and emerging drugs for overweight or obese NAFLD patients are also 
likely to apply to normal-weight NAFLD patients.

NAFLD And Combined Chronic Liver Disease
Due to the high prevalence of NAFLD, it is likely to be associated with 
other chronic liver diseases. This association may adversely affect the 
course and prognosis of the disease.[103–105] Patients with combined liver 
disease have a different natural course of disease and response to treat-
ment than patients with chronic liver disease from a single cause.[105–107] 
NAFLD and alcohol can commonly be found in the same patient as two 
different etiologies.[103] The amount, duration, and type of alcohol use 
significantly affect the disease progression. Moderate and heavy alco-
hol consumption increases liver damage, disease progression, cirrhosis, 
HCC, extrahepatic malignancies, and death.[103,107] In the follow-up of 
patients with NAFLD and moderate alcohol use, more steatosis was 
detected, or a slower improvement in steatosis was observed than in 
those who did not use alcohol. At the same time, no difference was 
found in inflammation and fibrosis.[103] Moreover, alcohol intake should 
be assessed regularly in patients with NAFLD.
In patients with chronic viral hepatitis, NAFLD association is seen at 
least at the rate of NAFLD frequency in the community. Based on epi-
demiological studies conducted in the adult population in Türkiye, the 
prevalence of hepatitis B surface antigen (HBsAg) positivity is 4%.[108] 
In a study conducted on patients with chronic hepatitis B (CHB), the 
frequency of NAFL was 40%, and the rate of cirrhosis was significantly 
higher in NAFL patients.[109] NAFL independently increased the devel-
opment of HBV-associated HCC by 7.3 times at a median follow-up of 
80 months.[109] NASH was associated with HCC, liver transplantation 
(LT), and all-cause mortality.[105] It has been reported that the coexis-
tence of NASH and CHB often results in advanced-stage fibrosis and 
death in a shorter timeframe.[105] Paradoxically, a lower incidence of cir-
rhosis and HCC and a higher clearance of HBsAg were associated with 
HBV-infected patients with radiological hepatic steatosis.[110] In another 
study, hepatitis B core antibody (anti-HBc) positivity was associated 
with cirrhosis, cirrhotic complications, and HCC in those with NAFLD.
[111] In a study conducted in Türkiye, anti-HBc positivity was found to 
be a risk factor for cirrhosis in NAFLD.[112]

It is known that hepatic steatosis was seen in patients infected with the 
hepatitis C virus (HCV) genotype 3. Unlike NAFLD patients, hepatic 
steatosis is directly proportional to viral load, starting from the peri-
portal area, not the centrilobular area.[113,114] This condition is unique 
to HCV genotype 3. However, fatty liver disease in patients infected 
with other HCV genotypes is associated with obesity, DM, and IR, as 
in patients with NAFLD. If these patients meet the diagnostic criteria 
for NAFLD, NAFLD and chronic hepatitis C should be considered a 
combined disease.[113,114] Follow-up and treatment for NAFLD should 
be continued after HCV eradication is achieved with antiviral therapy. 
It has been reported that fatty liver disease is associated with a poor 
prognosis in patients with HCV eradication.[115]

Diagnosis and Assessment of NAFLD
Noninvasive tests (NITs): Diagnostic tests for NAFLD are used to es-
tablish the diagnosis, determine the degree of inflammation, determine 
the fibrosis stage, and make a differential diagnosis. Diagnostic tests 
can be grouped as biochemical, radiological, and histopathological. 
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Distinguishing NAFL and NASH is essential for evaluating the risk 
of developing fibrosis. Although there is no validated test to diagnose 
NASH, serum cytokeratin-18 fragments (M30, M65) can be used to 
diagnose steatohepatitis. Of these, M30 indicates hepatocyte apoptosis, 
and M65 shows cell death. The M30 level has 0.81, the area under the 
receiver operating characteristic (AUROC), 78% sensitivity, and 87% 
specificity for diagnosing NASH.[49,116,117] In addition, it has recently 
been suggested that the activated plasminogen activator inhibitor 1 
(PAI1) can differentiate NAFL and NASH.[118]

A liver biopsy is accepted as a reference for evaluating the fibrosis 
stage. However, it should be used in selected cases due to sampling 
variability, inter/intra-observer variability, and procedural complica-
tions. NITs can usually be calculated from formulas created with bio-
chemical data in routine practice (Table 6).[119–122] NITs are highly accu-
rate in excluding advanced fibrosis (F3, F4) with a negative predictive 
value (NPV) greater than 95%.[119,121,123] Validation studies conducted 
in Türkiye supported these results.[124–126] NITs have similar diagnostic 
performance in NAFLD patients with diabetic or normal transaminase 
levels.[124–126] The enhanced liver fibrosis (ELF) test is associated with 
detecting extracellular matrix proteins, especially type III collagen de-
position.[127] ADAPT, and ABC3D tests use Pro-C3 and show collagen 
III formation (Table 7).[128,129]

NITs can be used in primary care as first-line tests to detect NAFLD 
patients without advanced fibrosis because the tests are easy to admin-
ister and inexpensive. Patients with low test scores (FIB-4 score <1.3) 
are less likely to have advanced fibrosis. However, NITs have an overall 
low positive predictive value (PPV). The inadequacy of recognizing pa-
tients with advanced fibrosis is an important limitation of these tests. It 
should be noted that if the NIT result suggests advanced fibrosis, it must 
be confirmed with another test. However, it should be mentioned that 
since NITs are developed in clinics with a high number of patients with 

advanced fibrosis, the accuracy of the tests may decrease in primary 
care, where the patient frequency is lower. In addition, the accuracy of 
these tests with current threshold values decreases in individuals over 
65 who are morbidly obese.[130,131] In the FIB-4 and NAFLD fibrosis 
score (NFS) tests, the “indeterminate group” rate in which the presence 
of advanced fibrosis cannot be determined is approximately 30%. The 
advantage of ADAPT and Pro-C3 tests are that there are no “indetermi-
nate results.” Ultimately, there is a need for new markers to detect the 
fibrosis stage in NAFLD. Liquid biopsy and cell-free DNA methylation 
studies show promise in identifying patients with severe fibrosis.[132]

FIB-4 score as the first primary risk assessment test is rec-
ommended to evaluate fibrosis in NAFLD. 
A liver biopsy is recommended in patients with anticipated 
advanced fibrosis.

Imaging Methods: Abdominal US, computed tomography (CT), and 
MRI are imaging modalities that can be used to diagnose NAFLD. The 
abdominal US is often the preferred imaging method because it is easily 
accessible and does not contain ionizing radiation. In the US, NAFLD 
is recognized as a diffuse increase in hepatic parenchymal echogenicity 
compared to the kidney or spleen. NAFLD grading by the US is as 
follows:
Grade 1: Mild diffuse increase in echogenicity;
Grade 2: Decreased visibility of portal vein wall and diaphragm with a 
moderate increase in echogenicity; and
Grade 3: Inability to visualize the portal vein wall, diaphragm, and 
posterior part of the liver with advanced echogenicity
However, abdominal US has limitations, such as being an operator-de-
pendent subjective assessment, difficulty using it in obese patients, and 
low sensitivity in histological adiposity below 30%. The sensitivity of 
the US was 55%–100%, and the specificity was found to be in an exten-
sive range, such as 26%–100%.[133] In detecting 20%–30% or more of 
histological hepatosteatosis, the mean sensitivity of the US was 85%, 
and the mean specificity was 94%.[133]

The US elastography methods of point shear-wave elastography 
(pSWE) and two-dimensional (2D) SWE have recently been used to 
evaluate accompanying fibrosis in NAFLD. Studies have found that 2D 
SWE and pSWE perform very well in diagnosing F2 and F3 fibrosis in 
NAFLD patients.[134–136]

Fibroscan® (Vibration-controlled transient elastography [VCTE]) pre-
dicts the fibrosis stage by measuring liver stiffness in a 3 cm3 liver 
volume with an ultrasound-based technique. This method is suggested 
to reflect the liver parenchyma better since this volume is at least 100 
times larger than the tissue obtained by liver biopsy. The measurement 
depth varies between 15 and 75 mm depending on the probe. Liver stiff-
ness measurements (LSM) are expressed in kilopascals (kPa). Measure-
ments can be started with the M probe (3.5 MHz) and changed to the 
XL probe (5 MHz) by taking into account the recommendations for the 
device. For those with a BMI above 32 kg/m2, the measurement starts 
with the XL probe, and the size is completed with the final probe, con-
sidering the automatic probe selection recommendation of the device. 
In children, the probe selection is made according to the chest diameter. 
It is recommended that patients fast for at least three hours before the 
procedure. It should be noted that the results of the Fibroscan® must be 
interpreted in light of the clinical and laboratory findings and that the 

Table 6. Scores Used to Determine the Degree of Fibrosis in 
Patients with NAFLD

Test Required parameters AUROC

APRI AST, platelet count 0.77

BARD BMI, AST, ALT, DM 0.76

FIB-4 Age, AST, ALT, platelet count 0.84

NFS Age, BMI, DM, AST, ALT, albumin, platelet count 0.84

APRI: Aspartate aminotransferase/platelet ratio index; AST: Aspartate amino-
transferase; BMI: Body mass index; ALT: Alanine aminotransferase; NFS: NAFLD 
Fibrosis Score; DM: Diabetes mellitus; FIB-4: Fibrosis index-based 4.

Table 7. Scores Calculated by Special Biochemical Tests to 
Determine the Degree of Fibrosis in NAFLD Patients

Test Required parameters AUROC

ELF Hyaluronic acid, amino-terminal propeptide- 
 type III procollagen, TIMP-1 0.77

Pro-C3 Pro-C3 0.81

ADAPT Pro-C3, age, DM, platelet count 0.86

FIBC3, ABC3D Pro-C3, BMI, DM, age, platelet count 0.81

ELF: Enhanced liver fibrosis; BMI: Body mass index; DM: Diabetes mellitus; TIMP-1: 
Metalloprotease tissue inhibitor-1.
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method is operator-dependent. The threshold values of the Fibroscan® 
are considered when AUROC is about 0.90; values greater than 8.2 kPa 
indicate significant fibrosis (≥F2), those greater than 9.7 kPa suggest 
advanced fibrosis (≥F3), and those 13.6 kPa and higher indicate cirrho-
sis (F4). LSM values less than 6 kPa are considered normal.
The controlled attenuation parameter (CAP) is a bedside test simul-
taneously measuring adiposity with liver stiffness in the Fibroscan® 
device. While the threshold value used to detect grade 2 or higher 
steatosis was 310 dB/m in one study,[137,138] it was 257 dB/m in stud-
ies from Türkiye.[138] In addition, a recent meta-analysis showed 
that the Magnetic Resonance Imaging-Proton Density Fat Fraction 
(MRI-PDFF) technique is more effective for quantifying hepatic 
steatosis in patients with NAFLD compared to Fibroscan® CAP.[139]

Fatty liver is recognized as a diffuse decrease in liver parenchymal den-
sity in a non-contrast CT examination. The reduction in the Hounsfield 
unit (HU) value obtained in the density measurement is related to the 
amount of steatosis. In determining steatosis, the values measured be-
low 40 HU in the measurement made from the liver parenchyma can 
be classified as 30% or above steatosis.[140] However, in the compara-
tive density measurement that can be made with the spleen, it has been 
reported that a liver/spleen density ratio below 0.8, or a difference be-
tween the two organs of more than 9 HU, indicates more than 30% fat 
in the liver.[141] However, ionizing radiation limits the use of CT exami-
nations in clinical practice.
MRI is a preferred imaging method in diagnosing and following 
NAFLD because it does not contain ionizing radiation and can show 
the amount of steatosis quantitatively. For this purpose, chemical shift-
based methods, such as magnetic resonance spectroscopy (MRS) and 
Dixon, are used. MRS is an effective method for showing the amount 
of fatty liver. However, the critical limitations of MRS are that a lim-
ited volume, not the whole liver, can be evaluated; MRS examination 
cannot be performed in every MRI device; and special equipment is 
required to perform the evaluation.
The MRI-PDFF technique, which has recently become prominent 
among Dixon-based methods, effectively determines the amount of 
hepatic steatosis.[142,143] A meta-analysis revealed that the diagnostic 
accuracy in detecting the grades of steatosis in patients with NAFLD 
is very high and is highly compatible with the histological classifica-
tion of fatty liver.[142] Therefore, MRI-PDFF has high sensitivity and 
specificity for grading fatty liver disease. According to the study of 
Tang et al.,[143] the MRI-PDFF threshold values for grading steatosis 
are as follows:
• Grade 1: 6.4% (86% sensitivity and 83% specificity);
• Grade 2: 17.4% (64% sensitivity and 96% specificity); and
• Grade 3: 22.1% (71% sensitivity and 95% specificity).
In addition, in evaluating treatment responses in clinical studies, MRI-
PDFF can reveal the change in fat content in the liver with high sensi-
tivity. It has been reported that the MRI-PDFF technique shows liver fat 
changes with high sensitivity in adults and children.[144,145]

Liver fibrosis in patients with NAFLD can be evaluated using magnetic 
resonance elastography (MRE). In a meta-analysis involving NAFLD 
patients, threshold values of 2.88 kPa, 3.54 kPa, 3.77 kPa, and 4.09 kPa 
were determined for the F1, F2, F3, and F4 fibrosis diagnoses of MRE, 
respectively.[146] In this study, mean AUROC (95% CI) values were 0.86 
(0.82–0.90), 0.87 (0.82–0.93), 0.90 (0.84–0.94), and 0.91 (0.76–0.95), 
respectively.[146]

• Abdominal US is the first-choice imaging method for diag-
nosing hepatic steatosis.

• MRI-PDFF can identify and quantify hepatic steatosis.
• Fibroscan® and MRE are reliable methods for the assess-

ment of liver fibrosis. However, MRE more accurately as-
sesses liver fibrosis than Fibroscan®.

Which Patients Should be Screened for NAFLD? 
How Should Primary Care Physicians Manage NAFLD?
NAFLD is mostly an asymptomatic disease. Since the prevalence of 
NAFLD is high, all population-based screening is not recommended. 
Obese patients with metabolic risk factors, such as IR, DM, MetS, 
or having fatty liver by the abdominal US, should be screened for 
NAFLD. The primary risk assessment determines NAFLD patients 
who are not likely to have advanced liver fibrosis. The FIB-4 score 
is often preferred for its easy use. The FIB-4 score can be easily 
calculated online at https://www.mdcalc.com/fibrosis-4-fib-4-index-
liver-fibrosis. Patients with a FIB-4 score below 1.3 are defined as 
low-risk patients for advanced fibrosis. These patients can be fol-
lowed up by their family physicians and should have the FIB-4 test 
repeated annually (Figure 2). When a patient is over 50 years old, 
the presence of thrombocytopenia (<150,000/ml) and an aspartate 
aminotransferase/alanine aminotransferase (AST/ALT) ratio greater 
than one predict fibrosis. Patients who have the following features 
are also at risk:
• Patients with chronic liver disease findings on physical examina-

tion: and
• Patients with a FIB-4 score greater than 1.3.
Patients with such characteristics should be referred to gastroenterol-
ogy clinics for further evaluation and follow-up. High liver stiffness 
measures can predict the risk of advanced liver disease, hepatic de-
compensation, and mortality. Still, serum AST and ALT values within 
normal limits do not mean any liver damage. In addition, serum 
aminotransferase levels do not always correlate histologically with 
liver injury. Therefore, AST and ALT tests should not be used as prog-
nostic markers.

Recommendations to family physicians, internists, and endocri-
nologists
Obese patients, patients with metabolic risk factors, or hav-
ing fatty liver by the abdominal US should be screened for 
the presence of NAFLD. The FIB-4 score should be calcu-
lated in these patients. The FIB-4 risk assessment should 
be repeated every 1-2 years.
Patients with persistent high serum ALT-AST levels should 
be referred directly to the gastroenterology unit.

When Should a Liver Biopsy be Performed?
In clinical practice, liver biopsy is not a routine method for the diag-
nosis of NAFLD. The biopsy decision should be based on the patient’s 
clinical, laboratory, and radiological findings. Liver biopsy indications 
are as follows:
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• For the differential diagnosis of other possible etiologies;
• For the diagnosis of concomitant liver diseases;
• Detection of significant fibrosis (F≥2) by NIT in patients without 

clinical signs of advanced liver disease or when an indeterminate 
result is detected;

• In case of incompatibility between two NITs; and
• For approved studies.
A liver biopsy is not required if there are clinical, radiological, and lab-
oratory findings of cirrhosis.

NAFLD Pathology
Macrosteatosis, the main morphological feature of NAFLD, is an adap-
tive response of hepatocytes.[147] Macrosteatosis may be accompanied 
by signs of hepatocellular injury, inflammation, and fibrosis (Table 8). 
Findings are predominantly parenchymal and characteristically start 
from acinar zone-3 (pericentral zone) and spread to other acinar zones.
[148] However, in some NAFLD patients developing out of the MetS, 
especially in the pediatric age group, the morphology is predominant 
in the portal and periportal areas.[149] Therefore, when evaluating pedi-
atric liver biopsies, it is essential to consider the unique (pediatric type) 
NAFLD morphology features in children to establish the diagnosis.
The main morphological finding leading to the diagnosis of NASH 
is the detection of ballooning degeneration reflecting cell damage. 
In the fatty liver inhibition of progression algorithm, lobular inflam-
mation and ballooning are required to diagnose NASH.[150] NASH 
triggers fibrogenesis throughout the injury process and can result in 
advanced fibrosis (cirrhosis). As fibrogenesis becomes evident, the 
rate of fat in the liver decreases and may disappear entirely in the 
cirrhotic stage (“burned-out” NASH).[151]

Morphological Diagnostic Classification of NAFLD
The morphological findings observed reflect the ongoing liver dam-
age in patients with NAFLD at the time of biopsy. Therefore, different 
morphological damage patterns can be seen in biopsy specimens in the 
gray zone in the morphological diagnosis classification.[151–153] NAFLD 
is classified according to the morphological findings in liver biopsies 
as follows:
• Steatosis (NAFL): Pericentral (acinar zone-3) distribution of 

macrosteatosis (≥5%) is detected.
• Steatosis accompanied by inflammation: Pericentral macrosteato-

sis is accompanied by lobular inflammation. Ballooning is not ob-
served. Portal inflammation is usually absent or mild.

• Steatohepatitis (Definite NASH): Macrosteatosis, inflammation, 
and ballooning degeneration are observed. Morphological findings 
show acinar zone-3 (pericentral) distribution.

• Steatohepatitis (NASH), showing acinar zone-1 distribution: 
The characteristic morphology found in NASH cases seen in pe-
diatric age groups. Findings are predominantly in the portal and 
periportal areas. Periportal macrosteatosis is accompanied by portal 
inflammation and portal fibrosis in some cases. Generally, balloon-
ing degeneration is absent or mild and limited to the periportal ex-
tent. The presence of portal inflammation is essential in this pattern, 
which is also defined as “NASH Type 2” in the literature. It is ac-
cepted that portal inflammation and interface activity increase the 
risk of developing fibrosis in NAFLD cases.

• Morphologies in the gray zone in morphological classification: 
These are controversial terminologies and require compliance with 
clinical findings for the diagnostic approach.
o Probable NASH (showing zone-3 distribution): In terms of 

pericentral macrosteatosis and NASH-associated fibrosis, typ-
ical pericentral (perivenular)/pericellular fibrosis is observed, 
but there is no ballooning. Lobular inflammation is present. 
Probable NASH patients are in the gray zone between steatosis 
accompanied by inflammation and NASH.

o Steatofibrosis: Defined for morphologies typical of pericentral 
fibrosis accompanied by macrosteatosis in the pericentral area. 
Ballooning and lobular inflammation are not observed.

• Advanced-stage fibrosis associated with steatohepatitis (cirrho-
sis): Advanced-stage fibrosis (cirrhosis) with macrosteatosis and 
other diagnostic criteria is detected.

• Cryptogenic cirrhosis: No macrosteatosis detected. It is observed 
in “burned-out” NASH patients where the steatosis completely dis-
appears during the fibrogenesis process.[151–153]

In cases where ballooning degeneration is detected with a typical reticu-
lated sinusoidal fibrosis pattern and other etiological factors are excluded, 
it can be interpreted that cryptogenic cirrhosis may have developed based 
on NAFLD. Still, it should not be given as a pathological diagnosis.

Grading, Staging, and Scoring
The grading evaluation is based on the extent of steatosis, ballooning, 
and inflammation. In contrast, staging assessment is made based on 
the presence of collagen and extracellular matrix deposition, distri-
bution pattern, density, and liver roof disorder (septation, nodulation) 
caused by it. The NAFLD Activity Score (NAS) is applied for grading 
purposes (Table 9).[151,154] The system commonly used in staging is the 

Figure 2. Scheme to Identify and Refer High-Risk Patients.
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FIB-4 risk assessment

https://www.mdcalc.com/fibrosis-4-fib-4-index-liver-fibrosis
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“Nonalcoholic Steatohepatitis Clinical Research Network (NASH-
CRN) Staging System” (Table 10).[154]

Different systems have been proposed for staging NAFLD patients 
due to the lack of clinical guidelines for the stage-1 subgroups in the 
NASH-CRN staging system, grouping the cases with fibrosis of differ-
ent intensity in stage-3 and stage-4 within the same stage, and compat-
ibility problems among pathologists.[150]

In NAFLD patients, the steatosis-activity-fibrosis score (SAF), where 
grading and staging can be given together, can be used.[150,155] Steatosis 
and fibrosis assessment in the SAF scoring system is similar to the NAS 

grading and NASH-CRN staging systems, respectively. The difference 
is in the way the activity score (ballooning + lobular inflammation) is 
determined (Table 11).[156,157]

SAF Score Steatosis (S) Activity (A) Fibrosis (F)
S0,1,2,3 0–3 BD (0–2)+ 0-4 
A0,1,2,3,4  LI (0–2)=0–4 
F0,1,2,3,4

Table 8. Histomorphological Features of NAFLD

Morphology Description

Essential (guiding) morphological findings for diagnosis / classification

Steatosis Macrosteatosis • Should be present in ≥5% of hepatocytes for diagnosis.

  • It is in the form of large lipid droplets (large vesicular) pushing the cell nucleus toward 
   the cell membrane, and/or medium/small size (small vesicular) lipid droplets in which 
   the nucleus is protected in the cell center.

Hepatocyte injury Ballooning degeneration (BD) • The cell is swollen and/or rounded.

  • The nucleus is hyperchromatic and shrunken.

  • The cytoplasm is loosely structured and pale, eosinophilic.

  • Mild BD (non-classical BD), hepatocyte size was not changed.

  • Pronounced BD (classical type BD), hepatocyte size increased at least two-fold.

Inflammation Lobular Inflammation • Focal necroses are usually mononuclear cell dominant or mixed type involving neutrophils.

  • Microgranuloma and/or lipogranuloma may be seen.

 Portal/Periportal Inflammation • Limited to mild/moderate increase of mononuclear cells in the portal area and mild  
   interface hepatitis activity. Portal/periportal area predominant inflammation should suggest  
   non-NAFLD etiologies.

  • Usually in the foreground in the pediatric age group.

Fibrosis Sinusoidal and pericellular fibrosis • Starts around the central vein and has a reticulate appearance enveloping hepatocytes,  
   along sinusoids.

  • Usually starts in the portal/periportal area in the pediatric age group.

  • Causes septa formation (central-central, central-portal, rarely porto-portal) during the  
   fibrogenesis process and then incomplete and complete nodulation (advanced fibrosis).

Other morphological findings

Hepatocyte injury Microsteatosis • Due to loss of mitochondria function (fatty acid beta oxidation inhibition)

  • Hepatocyte nucleus is in the cell center. It is observed mildly/focally. Its prevalence  
   suggests different etiologies, the cytoplasm is pale and foamy.

  • Observed mildly/focally. Its prevalence suggests different etiologies.

 Mallory-Denk Bodies • Develops due to cytoskeletal damage, is a cluster of keratins in the cytoplasm.

 Apoptosis • Programmed cell death; hepatocyte nucleus is fragmented, cytoplasm is shrunken and  
   dark eosinophilic.

 Megamitochondria • Often accompanies microsteatosis. 

  • Round or needle-shaped eosinophilic inclusions in hepatocyte cytoplasm.

Table 9. NAFLD Activity Score (NAS)

Grade Steatosis Ballooning degeneration Lobular inflammation (x200 magnification)

0 <5% None None
1 5%–33% Mild (few, pericentral) <2 foci
2 33%–66% Prominent (many, scattered) 2–4 foci
3 >66%  >4 foci

NAS=Steatosis degree + Ballooning degree + Lobular inflammation degree. NAS Score has a value between 0 and 8.
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Pathology Report Content
Liver biopsies of NAFLD cases are evaluated with H&E, collagen 
(trichrome and/or reticulin), and iron stains. To detect ballooning degen-
eration, cytokeratin-18 immunohistochemistry staining can be applied 
(loss of immune expression in the ballooned cell). The adequacy of the 
biopsy should be stated in the report. Qualification criteria for biopsy 
length and the number of portal areas are greater than or equal to 1.5 cm 
and greater than or equal to ten portal areas, respectively. If the biopsy 
is subcapsular, the number of portal areas is low, and the sample is frag-
mented (in the form of small particles), it is defined as “biopsy inade-
quacy,” The content of the proposed report is summarized in Table 12.

HCC screening
Patients with NASH have a high risk of developing liver cirrhosis and 
HCC.[158] Obesity increases the incidence of all malignancies, especially 
gastrointestinal cancers and HCC. In a population-based study con-
ducted in the USA, the risk of death due to HCC was 4.5 times higher 
in men with a BMI above 35 kg/m2 compared to those with a BMI of 
18.5–25 kg/m2.[159] In a meta-analysis of 11 studies, the risk of HCC in-
creased by 17% in overweight and 89% in obese patients.[160] It has been 
reported that every 5 kg/m2 increase in BMI increases the risk of HCC 
by 25%, and obesity is associated with a 300% increased risk, especially 
in men.[160] The risk of developing HCC is higher in those with abdom-
inal obesity than in generalized obesity.[161] The risk of malignancy is 
increased in T2DM patients independent of obesity. In a community-
acquired longitudinal study, the risk of developing HCC was two times 
higher in patients with diabetes than those without diabetes (2.39 vs. 
0.87 per 10,000 patient-years) in 10–15 years of follow-up.[162] HCC risk 
is more prominent, especially in elderly patients with DM (OR 2.87).[162] 
In a study conducted in England, it was found that the incidence of HCC 
increased 1.8 times between 2000 and 2010, while the incidence of HCC 
due to NAFLD increased ten times, and the underlying pathology was 
reported as NAFLD in 35% of those diagnosed with HCC in 2010.[163]

There are unanswered questions regarding NAFLD and HCC screening. 
First, should HCC screening be performed in cirrhosis developing based 
on NAFLD? HCC screening is recommended in risky patients with an 
annual cancer risk of 1.5% or more. Regardless of the etiology, the Euro-
pean Association for the Study of the Liver (EASL) and the American 
Association for the Study of Liver Diseases (AASLD) recommend HCC 
screening for cirrhosis with abdominal US for six months or once a year. 
The Asian Pacific Association for the Study of the Liver (APASL) rec-
ommends HCC screening with US and alpha-fetoprotein (AFP).[164] The 
incidence of HCC development in the background of NASH has been 
reported as 6.7% at five years and 15% at ten years.[165] In cohort studies, 
the cumulative incidence of HCC in cirrhosis due to NASH was reported 
to be 2.4%–12.8% at a mean follow-up of 3–7 years.[166]

Second, should patients with advanced fibrosis or cirrhosis detected by 
NITs be screened for HCC? In patients of NASH without a clinical or 
radiological diagnosis of cirrhosis, a high NFS (adjusted hazard ratio 
[HR] 5.64; 95% CI 1.49–21.44; p<0.01) or a high FIB-4 score (adjusted 
HR 13.99; 95% CI 3.00–65.23; p<0.001) was associated with the de-
velopment of HCC.[167] The risk of HCC increases approximately seven 
times in patients with advanced fibrosis detected with Fibroscan®.[168] 
Therefore, the American Gastroenterological Association recommends 
that these patients be screened for HCC if there are signs of advanced 
fibrosis in at least two NITs (FIB-4, NFS, Fibroscan®, US, or MRE).[169] 
Third, if scanning is to be done, what should be the scanning method? 
While abdominal US scanning is recommended for HCC screening in 
cirrhosis, most NAFLD patients are likely obese, making detecting early 
HCC with the US difficult. A retrospective review of 1,500 HCC patients 
found that fewer screenings were performed in HCC cases developing 
based on NAFLD compared to HCC cases developing due to alcohol 
and HCV.[170] In the screening examinations of patients diagnosed with 
HCC, up to three years before the diagnosis, it was observed that 57% of 
NAFLD-related cirrhosis, 40% of alcohol-related cirrhosis, and 13% of 
HCV-related cirrhosis patients were not screened for HCC.[170]

Table 10. Nonalcoholic Steatohepatitis Clinical Research Network Staging System (NASH-CRN)

Stage   Description

1

 A Pericentral sinusoidal fibrosis, mild (but detectable with collagen stains)

 B Pericentral sinusoidal fibrosis, prominent (noticeable on Hematoxylin and Eosin stained sections)

 C Portal fibrosis and/or periportal fibrosis

2 Pericentral sinusoidal fibrosis (+) portal/periportal fibrosis

3 Bridging fibrosis (central-central, central-portal, portal-portal)

4 Cirrhosis (incomplete or complete)

Table 11. Steatosis-Activity-Fibrosis (SAF) Score

Grade Steatosis Ballooning degeneration Lobular inflammation (LI) Fibrosis

0 <5% None None None

1 5%–33% Mild (non-classical) 2 or fewer foci/lobules Perisinusoidal or periportal

2 34%–66% Prominent (classic) >2 foci/lobule Perisinusoidal and portal/periportal

3 >66%   Bridging

4    Cirrhosis

Mild BD (non-classical BD), hepatocyte size unchanged, but cell rounded; Prominent BD (classical BD), hepatocyte size increased at least twofold.
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Biopsy length
 • The number of portal areas:
 • Biopsy adequacy (adequate/limited/inadequate)
Morphological findings
Morphological findings that must be included in the report:
 • Macrosteatosis: No/Present
  Ratio (%)
  Zonal distribution pattern (zone-3 / zone-1 / azonal / panacinar)
 • Ballooning degeneration: No/Present
  Non-classical BD / classical BD
  Few/many
  Zonal distribution pattern (zone-3 / zone-1 / azonal)
 • Lobular inflammation: No/Present
  Number: Total number of apoptosis, focal necrosis, microgranuloma, and lipogranuloma lobule or x200
  Zonal distribution pattern
  Microgranuloma and/or lipogranuloma: No / present
  Apoptosis: No/yes
 • Portal inflammation and interface hepatitis activity: No/Present*
  Severity: Mild/moderate/pronounced
 • Fibrosis: No/Present
  Pericentral sinusoidal fibrosis: Mild/pronounced
  Periportal sinusoidal fibrosis
  Portal fibrosis
  Septa formation: central-central/porto-central/porto-portal
  Nodulation: Incomplete/complete
Suggested (optional) morphological findings to be included in the report
 • Iron accumulation: None/Present
 • Microsteatosis: No/Present
 • Megamitochondria: Absent/Present
 • Mallory-Denk bodies: None/Present
 • Glycogenized nucleus: No/Present
Diagnosis
Fatty liver disease/NAFLD
Histological pattern
 • Steatosis (NAFL)
 • Steatosis with inflammation
 • SH (NASH)
 • SH (NASH), showing acinar zone-1 distribution
 • Possible NASH (indicating Zone-3 distribution)**
 • Steatofibrosis**
 • Sthatohepatitis-related advanced fibrosis (Cirrhosis)
 • Advanced fibrosis (Cirrhosis)***
Grading and staging 
Scoring systems that should be included in the report
 • NAFLD Activity Score
 • NAFL-CRN Staging System
 • SAF Score
Concomitant pathology
 • Dysplasia/early HCC: None/Present
 • Chronic liver disease: None/Present

Treatment responses should be specified in follow-up biopsies. *: Portal inflammation and interface hepatitis activity correlate with clinical course/fibrogenesis. Although not 
components of the NAS and/or SAF score, they must be specified in the report. **: Morphological patterns that require clinical correlation and can be interpreted with clinical data. ***: 
Although steatosis is not observed, if morphological findings suggest that it develops on the basis of NASH, the interpretation of “burned-out” NASH can be given in the notes section.

Table 12. NAFLD Pathology Report Example
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MRI and CT are more reliable tests in the early diagnosis of HCC. 
However, CT is unsuitable for HCC screening due to radiation expo-
sure. Due to the low cost of MRIs in Türkiye compared to other coun-
tries, MRIs can be used in HCC screening in limited patients.
Fourth, is screening necessary in NAFLD patients without advanced 
fibrosis? HCC can develop without cirrhosis in patients with NAFLD. 
Since the frequency of HCC in non-cirrhotic patients is not known 
clearly, screening was not recommended in these patients. In many 
studies conducted in recent years, HCC cases developing without cir-
rhosis have been reported.[171–174] In a community-based survey exam-
ining SEER-Medicare data, MetS was higher among 3,649 HCC pa-
tients than the control group (37.1% vs. 17.1%; p<0.0001). In logistic 
regression analysis, it was shown that MetS significantly increased the 
risk of developing HCC (OR 2.13; 95% CI 1.96–2.31; p<0.001).[173] 
According to other etiologies, the prevalence of HCC development 
in patients without cirrhosis was higher in NASH cases (38.0% vs. 
14.2%).[173] Another study reported that the risk of developing HCC 
without cirrhosis in NASH cases increased three times compared to 
other chronic hepatitis.[174] In NAFLD cases with obesity, T2DM, and 
MetS, genetic, epigenetic, systemic, and liver-specific lipid metabolism 
disorders, IR increased the risk of HCC by making changes in many 
different pathways of carcinogenesis pathway. Previous studies showed 
that PNPLA3 rs738409 C > G polymorphism positivity increased the 
risk of advanced fibrosis and HCC development.[175] However, routine 
screening of NAFLD patients with these tests is not practical. To rec-
ommend screening for NAFLD patients without advanced fibrosis, it is 
necessary to know the factors that predict the risk of developing HCC.

HCC screening is recommended for NAFLD-related cirrho-
sis.
If at least two of the NITs (FIB-4, Fibroscan, or MR elastog-
raphy) or liver biopsy have signs of advanced fibrosis (≥F3), 
HCC screening may be recommended for these patients.
HCC screening may be recommended in NAFLD patients 
without advanced fibrosis who have T2DM, MetS, and 
those with a family history of HCC.
HCC screening should be performed with the abdominal 
US and AFP at six-month intervals in NAFLD-related cir-
rhosis cases.

Treatment 
Lifestyle Intervention A healthy diet and regular exercise are the cor-
nerstone of the management of NAFLD. 
Diet: Ideal treatment for NAFLD should reduce liver fat and damage 
and improve the metabolic and cardiovascular risks associated with 
NAFLD. Therefore, lifestyle changes in a moderate-intensity exercise 
program and a hypocaloric diet (reduction of 500–1,000 kcal per day) 
are currently the basis of NAFLD treatment.[4,176] In addition, gradual 
weight loss of 500–1,500 grams per week should be sought with a 
hypocaloric diet. Achieving weight loss also facilitates treating accom-
panying MetS, T2DM, hypertension, and CVD.
In a biopsy-controlled, 52-week diet and lifestyle adjustment study in-
volving 293 overweight and obese patients, a correlation was shown 
between the degree of weight loss and the improvement in histological 

parameters of NASH.[177] Thirty percent of the patients lost 5% or more 
of their current weight, of which 58% had improvement in steatosis and 
inflammation (a two-point reduction in NAS score). In those with at 
least 10% or more weight loss, 90% of patients with NASH showed im-
provement, while 45% had a regression in fibrosis.[177] In another study 
investigating the role of a hypocaloric diet in NAFLD patients, a similar 
degree of weight loss was observed in both normal-weight and obese 
patients (5.4% vs. 5.7%) with an eight-week diet, and adiposity im-
proved in 57% of normal-weight patients.[102] In this study, 5% weight 
loss effectively improved steatosis in normal-weight and obese patients.
[102] In conclusion, at least 5% weight loss should be aimed at improving 
the fatty liver, and at least 10% weight loss should be targeted for a 
significant improvement in accompanying fibrosis. 
There is no strong evidence to support a single type of diet specifically 
for patients with NAFLD. However, diets low in refined carbohy-
drates, low-carbohydrate ketogenic diets, and low-fat, Mediterranean-
type diets should be encouraged. Vegetables, fruits, nuts, legumes, 
and grains provide large amounts of fiber for the Mediterranean diet. 
However, it is known that the Mediterranean diet, which is rich in 
polyunsaturated (PUFA) and monounsaturated (MUFA) fatty acids, 
also reduces cardiovascular risk. In a study conducted on diabetic 
NAFLD patients, adherence to the Mediterranean diet was shown to 
be a protective factor from the development of fibrosis.[178] The in-
termittent fasting diet (IF) is a new weight-loss diet that has become 
popular recently. The alternative fasting diet (AAD) is an innovative 
form of IF that alternates between a food-free eating day and a 75% 
energy-restricted fasting day. Improvement was found in BMI and 
blood lipid profiles with AAD.[179] There has yet to be a consensus 
on the safety, mode of administration, duration, and effects of these 
special diets. Therefore, they should not be recommended for treating 
NAFLD until new robust studies are concluded.
Diets high in protein are still popular and preferred diets in society 
as they provide weight loss in a short time. Protein ratios in these 
diets are 35%–40%, and animal- and vegetable-origin proteins are 
preferred. Although success is achieved in the short term, the success 
of such diets is low in the long term. Many side effects of these diets 
have been described.
NAFLD patients should avoid high-energy, processed meat, fructose-
containing, packaged foods, and sweetened beverages. High fructose 
consumption is associated with changes in the gut microbiota, in-
creased intestinal permeability, endotoxemia, lipid peroxidation, cop-
per deficiency, tumor necrosis factor (TNF) production in the liver, and 
increased advanced glycolysis end products.[42] All these effects con-
tribute to NAFLD development and its progression.[42] For this reason, 
patients with NAFLD should avoid consuming large amounts of high-
fructose-containing foods and beverages.
Regularly consuming two cups or more per day of filter coffee is asso-
ciated with lower liver fibrosis in patients with NAFLD.[180] The amount 
of coffee in one cup is around 5 gr for dry ground coffee and 20–30 gr 
for filtered coffee. On the other hand, it is important to limit alcohol 
intake in patients who use alcohol. Conclusions on the effects of limited 
alcohol use by NAFLD patients are controversial. In a study investigat-
ing what amount of alcohol use is safe, it was suggested that no alcohol 
is safest for health.[181]

Nutrition is essential in managing the underlying disease and its com-
plications in NAFLD-related cirrhosis. Nutrition benefits the clinical 
course of patients with cirrhosis, including preventing infections and 
reducing mortality. Patients with cirrhosis have difficulty meeting their 
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caloric and protein requirements due to increased nutritional needs, 
decreased oral intake, malabsorption, and changes in protein and glu-
cose metabolism. Malnutrition, especially protein-energy malnutrition 
(PEM), is prevalent in patients with cirrhosis. Malnutrition is detected in 
65%–90% of patients with decompensated cirrhosis.[182,183] Nutritional 
requirements in patients with cirrhosis should be calculated as follows:
• Energy requirement: 1.2–1.4 × REE (Resting energy expenditure)
• Protein requirement: 1.0–1.5 g/kg
Another critical issue for patients with cirrhosis is the ideal compo-
sition of nutritional content and regulation of meal and snack intake 
frequency. Late-evening snacking has improved sarcopenia and quality 
of life.[184] Given the changes in the liver’s glycogen storage capacity, 
the intake of carbohydrates along with protein is essential for muscle 
preservation and regeneration. Patients can benefit from a higher rate 
of plant-based and dairy-based protein. Increased intake of branched-
chain amino acids may increase appetite and muscle synthesis and may 
be effective in improving quality of life.[185] PEM and some micronu-
trient deficiencies often develop in patients with cirrhosis due to diges-
tive disorders, nutrient absorption problems, and poor oral intake. In 
cirrhotic patients, checking the serum levels of fat-soluble vitamins, B 
vitamins, zinc, copper, and magnesium is essential. Early nutrition ed-
ucation and interventions are imperative to prevent the development of 
malnutrition, sarcopenia, and friability in cirrhotic patients. Therefore, 
it is recommended to identify high-risk patients and routinely use vali-
dated “malnutrition screening tools” in these patients to apply nutrition 
and exercise interventions in the early period.[183,186]

Physical Activity
The physical act, activity guidelines for the general adult population 
are as follows:
• Five days a week, 30 minutes/day, moderate-intensity exercise, or
• Three days a week, ≥20 minutes/day, heavy-intensity exercise.[187]

Both aerobic and resistance exercises can reduce hepatic steatosis, 
NASH, and fibrosis. To ensure long-term compliance, the type of exer-
cise should be tailored to the patient’s preferences and physical capacity. 
A meta-analysis showed that regular physical activity could improve 
liver tests, serum lipid, and intrahepatic fat in nondiabetic NAFLD pa-
tients, but the magnitude of the effect is generally small.[177] Maintaining 
regular physical activity for more than four months, regardless of the 
type of physical activity, significantly improved liver tests.[188] Another 
meta-analysis showed that exercise could reduce adiposity independent 
of diet.[189] Moderately intense and vigorous exercise had similar efficacy 
in reducing intrahepatic fat, which is associated with weight loss.[190]

• Lifestyle modification consisting of a hypocaloric diet with 
limited carbohydrates and saturated fat, moderate-inten-
sity exercise, and weight loss has been recommended for 
patients with NAFLD.

• The Mediterranean diet is recommended as the ideal diet.

Current Medical Treatments
Since NAFLD is the hepatic reflection of a systemic disorder, it is clear 
that correcting the metabolic disease rather than utilizing liver-specific 
therapy is essential. However, since a liver-related condition is men-

tioned, it should also be shown that the liver improves with the treat-
ment or at least prevents its deterioration. Currently, no drug therapy is 
approved for use in the treatment of NAFLD. 
NAFLD without NASH is generally benign, and the risk of developing 
liver complications is low. For this, the patient must have NASH if 
drug treatment is to be considered. International guidelines state that 
significant fibrosis (≥F2 fibrosis) accompanying NASH should also be 
present for treatment indication.[2,3] The most critical problem in the 
treatment of NAFLD is the lack of a marker to follow the treatment 
response. Transaminase values are expected in 80% of patients with 
advanced liver disease. Although the level of fat in the liver can be fol-
lowed by methods such as Fibroscan® and MRI, there is no ideal diag-
nostic method other than biopsy to follow inflammation and ballooning.
Today, lifestyle changes, diet, and exercise are most likely to improve 
accompanying morbidities. Numerous drugs have been and are being 
tried in the treatment of NAFLD. In international guidelines, only thi-
azolidinediones and vitamin E are recommended as drugs. Here, drugs 
that are in use with different indications and that have been tried in 
the treatment of NAFLD (rather than newly developed drugs) will be 
briefly mentioned.

1. Metabolic Regulator Drugs
Metformin has many effects, such as increasing catabolism, disrupting 
fatty acid synthesis, reducing glucose absorption, and increasing glu-
cose metabolism. It has been shown to have many beneficial effects, 
such as anti-tumor effects, cardiovascular benefits, dementia inhibitory 
effects, and prolonged life expectancy.[191] Metformin has been tried in 
the treatment of NAFLD, but conflicting results have been obtained 
in studies conducted to date. In the first randomized controlled trial, 
metformin successfully normalized serum ALT and improved meta-
bolic parameters.[192] In patients with histological control, metformin 
decreased the amount of fat, necroinflammatory activity, and fibrosis 
in the liver.[192] However, in a recent meta-analysis of nine randomized 
controlled trials, metformin produced a borderline reduction in serum 
AST, ALT, reduced HOMA score, and BMI. Still, there was no im-
provement in histological findings.[193] Another meta-analysis found 
that metformin did not change histological and biochemical parameters 
in patients with NAFLD.[194] Therefore, metformin is not recommended 
for the treatment of NAFLD. However, it is stated that metformin re-
duces the risk of HCC in diabetic patients.[158,192,194]

Thiazolidinediones are peroxisome proliferator-activated receptor 
gamma (PPAR-γ) agonists with insulin-sensitizing effects. They regu-
late many genes by activating PPAR-γ. In this way, lipolysis in adipose 
tissue decreases, fatty acid storage increases, IR caused by lipotoxi-
city improves, adiponectin secretion increases, fibroblast growth fac-
tor-21 is activated, inflammation is suppressed, hepatic glucose uptake 
increases, and gluconeogenesis is suppressed. Increased insulin sensi-
tivity in muscles and adipose tissue increases glucose uptake. Thiazo-
lidinediones stimulate the differentiation of preadipocytes into small 
adipocytes and cause an increase in subcutaneous adipose tissue, in 
particular, and can reduce visceral adipose tissue.[195–197] Pioglitazone 
has a partial PPAR-α agonist effect, thereby decreasing triglyceride 
production and increasing HDL cholesterol. In addition, Pioglitazone 
significantly reduces plasma-free fatty acid levels. There are many 
studies with pioglitazone in the treatment of NAFLD. A meta-analysis 
of five randomized controlled trials calculated ORs for pioglitazone to 
reduce fibrosis by one point or more and improve steatohepatitis were 
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10.2, 1.8, and 3.7, respectively.[198] Its beneficial effect is proven in dia-
betic and nondiabetic NAFLDs.[199–201] Pioglitazone causes weight gain, 
partly because it increases appetite but mainly because it increases the 
amount of subcutaneous adipose tissue. The weight gain effect is dose-
dependent. In addition, pioglitazone can increase bone resorption by 
promoting the transformation of osteoblasts into adipocytes and acti-
vating osteoclasts. It can increase the risk of bone fractures, especially 
in postmenopausal women.[202–204] Pioglitazone may lead to edema and 
heart failure by increasing Na+ uptake from the kidneys.[202–204]

Glucagon-like peptide-1 receptor agonist (GLP-1RA), such as liraglu-
tide, with a glucose-dependent mechanism, increases insulin secretion, 
decreases glucagon secretion, and corrects hyperglycemia. It also re-
duces appetite and energy intake, delaying gastric emptying and caus-
ing weight loss. In addition, weight loss occurs due to the suppression of 
the appetite center in the brain and the suppression of ghrelin secretion. 
Liraglutide reduced the risk of CVD in T2DM patients. Liraglutide re-
sulted in weight reduction, serum ALT and gamma-glutamyl transferase 
improvement, and reduction in liver fat compared with placebo or other 
antidiabetics.[205,206] In the biopsy and randomized controlled trial of 
the liraglutide study (LEAN study), 39% of patients in the liraglutide 
arm and 9% of patients in the placebo arm experienced improvement 
in steatohepatitis. Gastrointestinal side effects were observed in 80% 
of the patients included in the study. The positive impact of liraglu-
tide in NAFLD may be the natural consequence of weight reduction. 
Currently, liraglutide is not recommended for the treatment of NAFLD.
Promising results have been obtained in the treatment of NASH with 
semaglutide, another GLP-1RA analog. In a double-blind, placebo-
controlled 72-week study, treatment with daily 0.4 mg subcutaneous 
semaglutide achieved 59% resolution of NASH without worsening 
fibrosis, compared to only 17% in the placebo arm (p<0.001). No 
significant improvement was observed in fibrosis compared to the 
placebo (43% vs. 33%, p=0.48). A 13% weight loss was observed in the 
semaglutide group, compared to an average of only 1% for the placebo. 
Gastrointestinal side effects (nausea, vomiting, constipation) were ob-
served more frequently in semaglutide treatment.[207] A phase-3 study 
with semaglutide is ongoing.

2. Antioxidant Drugs
During the presence of IR, when the excessive fatty acid load in the 
liver increases the beta-oxidation load in mitochondria and peroxi-
somes, electron leakage increases, and reactive oxygen species (ROS) 
can grow at a pathological level and disrupt the structure of many 
macromolecules. Impairment in mitochondrial functions also plays a 
role in the increase in ROS. Increased oxidative stress in NAFLD af-
fects the development of steatohepatitis. Therefore, it is recommended 
to use antioxidant drugs in the treatment of NASH.
Vitamin E studies offer conflicting results due to the use of different 
forms and doses of the vitamin and the lack of standard criteria and 
designs. In the PIVENS study of nondiabetic patients, vitamin E im-
proved steatohepatitis significantly more than the placebo but did not 
improve fibrosis.[158] In a study of diabetic patients, the improvement 
of steatohepatitis without worsening fibrosis was found to be higher 
in the vitamin E group compared to the placebo group (33% vs. 12%, 
p=0.04), but no significant difference was found when the steatohep-
atitis components were examined individually and in fibrosis.[208] The 
vitamin E group alone did not differ from the placebo group in reaching 
the study’s primary endpoint. Generally, when the vitamin E studies are 

combined, more homogeneous findings have been revealed that it can 
improve transaminases in NASH, but different results have been ob-
tained for fibrosis.[208–210] There are doubts about the safety of vitamin E 
in long-term use; specifically, studies report that it increases the risk of 
hemorrhagic stroke,[211,212] increases mortality,[213] and increases the risk 
of prostate cancer.[214] In our personal experience, vitamin E should not 
be used as a long-term therapy in the treatment of NAFLD.

3. Lipid-Lowering Agents
Statins block mevalonate synthesis in the cholesterol synthesis path-
way by inhibiting the enzyme 3-hydroxy-3-methylglutaryl-coenzyme 
A (HMG-CoA) reductase. As a result, decreased cholesterol levels in 
the liver increase the expression of LDL receptors on the hepatocyte 
surface, and very low-density lipoprotein (VLDL), LDL, and interme-
diate-density lipoprotein levels in the blood decrease. In addition, it has 
effects such as suppression of inflammation associated with suppression 
of liver X receptor (LXR) activity,[215] inhibition of SREBC-1c,[216] pre-
vention of inflammation caused by oxidation of LDL cholesterol,[217] 
suppression of prenylation proceeding through the mevalonate pathway, 
improvement in endothelial function, increase in nitric oxide level, and 
suppression of the RAAS. Statins are used in patients with high choles-
terol, which is present in most NAFLD patients. Studies have shown that 
statins reduce the level of transaminases in NAFLD.[218–220] However, it 
does not improve histology in patients with NASH.[221] Therefore, it is 
not recommended in NAFLD unless metabolic disorders require statins.
CVD risk is very high in patients with NAFLD, and CVD is the major 
cause of death. It is generally accepted that statins reduce the risk of 
CVD and death, especially among individuals with diabetes. For this 
purpose, statins are frequently used in patients with NAFLD. Statins 
may have elevated transaminases in a more than 15% of the patients. 
However, the risk of increasing serum ALT levels more than three times 
is less than 1%. Therefore, discontinuing the drug is not required unless 
the ALT level exceeds three times the upper limit of normal. Routine pe-
riodic transaminase monitoring is not necessary during statin treatment.
[222] The use of statins is contraindicated in decompensated cirrhosis and 
acute liver failure. It has also been reported that there may be a risk of 
developing myopathy and the onset of T2DM during statin treatment.[223]

Fibrates, as PPAR-α agonists, decrease fatty acid synthesis and thus 
triglyceride and VLDL synthesis, and increase triglyceride catabolism 
by activating lipoprotein lipase. Fenofibrate, the most widely used op-
tion, improves IR, uric acid levels, and hypertension in patients with 
MetS.[224] In a study, using 200 mg/day of fenofibrate for 48 weeks im-
proved liver enzymes and IR. Histological controls showed improve-
ment in ballooning but no change in fat ratio, lobular inflammation, or 
fibrosis.[225] Transaminase elevations are seen in approximately 20% of 
fenofibrate users.[226] There is insufficient evidence for using fenofibrate 
in treating patients with NAFLD other than its indication.

4. Antihypertensives
RAAS is responsible for many effects that increase inflammation, ox-
idation, and thrombosis, as well as the classically known effects of re-
nal sodium retention, abnormal contraction of vascular smooth mus-
cles, and increasing aldosterone secretion.[227] In addition to blocking 
the negative effects of RAAS on metabolism and inflammation, an-
giotensin II receptor blockers can also provide metabolic improvement 
by increasing the conversion of increased angiotensin 2 to angiotensin 
1–7 via the angiotensin-converting enzyme (ACE) 2.
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Telmisartan is more likely to lower IR, improve body fat composition, 
reduce liver fat, and improve histology than other angiotensin 2 recep-
tor blockers in patients with NAFLD.[228] This effect is explained by the 
partial PPAR-γ agonistic effect.[228] Previous studies showed that telmis-
artan improved IR, reduced liver fat, and improved liver histology in 
NAFLD patients with hypertension.[228–230] However, it is not recom-
mended for use in the treatment of NAFLD since no robust randomized 
controlled trials have been conducted. However, it may be preferred as 
an antihypertensive in patients with hypertensive MetS and NAFLD 
patients with type T2DM.

5. Drugs with Multiple Effects
Ursodeoxycholic acid (UDCA), with the effect of the pregnane X re-
ceptor agonist, increases the expression of bile acid transport proteins, 
facilitates the excretion of bile acids from hepatocytes to the bile and 
plasma, and increases excretion from the urine. By increasing bicarbon-
ate secretion from cholangiocytes, UDCA strengthens the bicarbonate’s 
protective effect and reduces the damage of bile acids to cholangio-
cytes. It changes the intracellular localization of bile acid transport pro-
teins and makes them functional. UDCA reduces the membrane-dis-
solving effect of hydrophobic bile acids and blocks the apoptotic effects 
of primary bile acids. In three randomized placebo-controlled studies in 
the treatment of NAFLD, UDCA was not found to be different from the 
placebo in improving serum transaminase levels and histology.[231–233] 
Currently, UDCA is not recommended in the treatment of NAFLD.
Omega-3 fatty acids have been investigated in numerous studies as a 
treatment for NAFLD.[234,235] They have been found to provide a bor-
derline decrease in serum ALT levels and can decrease the amount of 
liver fat. However, no studies show improvement in histopathological 
findings. Therefore, omega-3 fatty acids are not recommended thera-
peutically in the treatment of NAFLD. 
Silymarin is a combination of flavonolignans (silybin A, silybin B, isosily-
bin A, isosilybin B, silychristin, isosilychristin, silydianin) and flavonoids 
(taxifolin) extracted from the seeds and fruit of the milk thistle plant. It is 
reported to have antioxidant, antifibrotic, and anti-inflammatory effects. 
In a meta-analysis combining randomized controlled trials in NAFLD 
patients, silymarin was shown to reduce serum AST and ALT levels.[236] 
Histologically, there was no difference between the placebo and silymarin 
regarding steatosis, lobular inflammation, and ballooning.[236]

Ongoing AND Recently Terminated Clinical Trials
Numerous phase studies are ongoing in the treatment of NAFLD. We 
see that each of the steps in the pathogenesis of NAFLD has become 
a target, and many agents affecting these steps are in the trial phase. 
When broadly classified, agents in phase studies can be grouped into 
metabolic modulators, anti-inflammatories, and antifibrotics. Some 
agents may also influence more than one pathogenetic mechanism. Th-
ese agents can be evaluated as targeting IR or lipid metabolism, lipo-
toxicity and oxidative stress, inflammation, immune activation, apopto-
sis and necrosis, fibrogenesis, and collagen turnover. Here, we discuss 
agents with phase-3 studies (Table 13).

Obeticholic acid (OCA) is a farnesoid X receptor (FXR) agonist. 
FXRs participate in many metabolic events. They lower portal pres-
sure in the liver, reduce inflammation and fibrosis, reduce cholesterol 
conversion to bile acids via CYP7A1, and decrease triglyceride levels 
in the liver. In a placebo-controlled study, FLINT, a phase-2 study, 
was conducted in non-cirrhotic NASH patients. Primary endpoints re-
lated to NAS score and secondary endpoints related to fibrosis were 
reached in the 72nd week of the study at rates of 45% and 35%, re-
spectively. However, 23% of patients experienced significant itching 
in the OCA arm, and one patient required discontinuation of therapy. 
In addition, it was observed that total cholesterol and LDL choles-
terol values increased and regressed when treatment was stopped.[237] 
REGENERATE, a phase-3 study, was conducted in NASH patients 
with fibrosis of stages 2–3. While improvement in fibrosis (>1 stage re-
gression) was significant at the 25 mg dose, there was no difference in 
NASH resolution compared to the placebo. However, side effects were 
three times more common with OCA than with the placebo group. The 
most common side effects were itching, gallstones and their complica-
tions, and increased LDL levels.[238]

Elafibranor is a PPAR α/δ dual agonist.[239] Elafibranor did not reach 
established endpoints for NASH recovery and fibrosis.
Cenicriviroc is a C chemokine receptor type 2 and 5 (CCR2, CCR5) 
inhibitor.[240]

Selonsertib ASK1 is an “apoptosis signal-regulating kinase” activated by 
oxidative stress. In the selonsertib Phase-2 study, simtuzumab and selon-
sertib were compared. The positive effect of selonsertib on fibrosis and 
MRE and MRI-PDFF results were found to be higher than simtuzumab but 

Table 13. Drugs with Phase 3 Studies in the Treatment of NASH

Active ingredient  Abbreviation Name of the study  The company name  Mechanism of action

Obeticholic acid OCA (Ocaliva) REGENERATE INTERCEPT FXR agonist 

Elafibranor GFT-505 GOLDEN-505 GENFIT PPAR-α/δ agonist

  RESOLVE-IT 

Cenicriviroc CVC AURORA ALLERGAN CCR2/CCR5 inhibitor

Selonsertib SEL STELLAR 3 GILEAD ASK1 inhibitor

 GS-4997 STELLAR 4 

Aramchol  ARMOR GALMED SCD1 inhibitor

Semaglutide  ESSENCE NOVO NORDISK  GLP-1 receptor agonist

Resmetirom MGL-3196 MAESTRO-NASH MADRIGAL THR-β agonist

Belapectin GR-MD-02 NAVIGATE GALECTIN THERA PEUTICS Galectin-3 inhibitor

FXR: Farnesoid X receptor; PPAR: Peroxisome proliferator-activated receptor; CCR2, CCR5: C chemokine receptor type 2 and 5; ASK1: Apoptosis signal-regulating kinase 1; 
SCD1: Stearoyl -coenzyme A desaturase -1; GLP-1: Glucagon-like peptide-1; THR-β: Thyroid-hormone receptor-beta.
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were not statistically significant.[241] In the phase-3 studies STELLAR-3 
and STELLAR-4, the goal of a one-point or greater improvement in fibro-
sis without worsening in NASH were not achieved.[242,243]

Aramchol is a fatty acid-bile acid conjugate and is a “stearoyl-coen-
zyme A desaturase-1 (SCD1)” inhibitor. SDC1 plays a significant role 
in energy metabolism, directing lipid substrates for utilization or stor-
age. With SCD1 inhibition, fatty acids enter oxidation pathways instead 
of being stored. Aramchol has positive effects on apoptosis, inflamma-
tion, and fibrogenesis, as well as steatosis.
Resmetirom is a selective “thyroid-hormone receptor-beta (THR-β)” 
agonist. It acts on THR-β receptors in the liver. THR-β is the predomi-
nant T4 receptor in the liver. When this receptor is stimulated, there is 
an increase in cholesterol metabolism and biliary excretion of choles-
terol. Resmetirom reduces the level of serum and liver triglycerides lev-
els as well as cholesterol levels. In the phase-2 study of resmetirom, it 
was found to be superior to the placebo in reducing liver fat at 12 and 
36 weeks (respectively, resmetirom 32.9% vs. placebo 10.4%, p<0.001; 
resmetirom 37.3% vs. placebo 8.5%, p<0.001) in patients with NASH.
[244] Moreover, decreases of two points or greater in NAS score and 
improvement in NASH at 36 weeks from the baseline were more sig-
nificant in the resmetirom arm than in the placebo arm.[244] It has been 
reported that the effect of resmetirom on fibrosis regression was in-
significant, but fibrosis disappeared completely in half of the patients 
with NASH resolution. Resmetirom also corrected serum transaminase 
levels.[244] No significant side effects were detected in the resmetirom 
group except mild diarrhea and nausea.

Phase studies of many drugs to treat NASH have been 
completed or are ongoing. Studies examining the efficacy 
of sequential or combined treatment modalities of new 
drugs will be needed since phase-2 and -3 studies of many 
molecules cannot provide sufficient efficacy alone.

Endoscopic Management
Sustainable weight loss after lifestyle changes, diet, exercise, and phar-
macotherapy can be achieved in less than 5% of patients. Although 
more effective and more permanent weight loss can be achieved with 
bariatric surgery. Early and late complications of bariatric surgery af-
fect up to 30% of patients.[245,246] Endoscopic bariatric and metabolic 
treatments (EBMT) can be applied to patients with a BMI between 
30 and 40 kg/m2, who cannot achieve adequate weight loss with diet 
and exercise, and who do not accept bariatric surgery. Potentially ap-
plicable methods are summarized in Figure 3.[247] The advantages of 
endoscopic treatments are loss of body weight by over 10%, low cost, 
fewer complications compared to surgery, reversibility, and anatomical 
preservation. However, the disadvantages of endoscopic treatment are 
that the weight loss is less permanent, especially in those treated with 
a removable device; frequent weight regains; the need for behavioral 
treatments to maintain the patient’s weight; and the need for continua-
tion of therapy with pharmacotherapy in some cases.
The intragastric balloon is the most widely used safe method approved 
by the FDA. Different intragastric balloons are available (Reshape 
duo, Orbera, Obalon, Spatz 3, Elipse Balloon). Balloon therapy is 
contraindicated in patients with hiatal hernia, gastroesophageal reflux, 
motility disorders, patients taking anticoagulant therapy, and those with 
previous upper gastrointestinal system surgery.[247]

Orbera, one of the intragastric balloons, is controlled endoscopically 
after insertion and inflated with 450–700 ml/saline and methylene blue. 
It is removed endoscopically after six months. Nausea and abdominal 
pain are the most common side effects (29–34%). Most patients adapt 
to these side effects after the first week. Migration (1%–4%) and perfo-
ration (0.1%) are less frequently seen.
Endoscopy is not required for the Obalon placement. The balloon is 
provided in the form of a gelatin capsule. After the balloon is swal-
lowed, its location is checked with fluoroscopy and inflated with ni-
trogen gas. Up to three balloons can be used in the same session. Until 
the weight loss plateaus, a new one can be added. The balloon can be 
removed endoscopically after 12–36 weeks.
The Spatz balloon is placed endoscopically. After the balloon is set, 
the volume of the balloon can be adjusted endoscopically by fluid in-
jection or aspiration. Second-generation balloons have been developed 
because of the 20% risk of ulcer development in the first-generation 
balloons and the catheter not getting through.
Botox treatment is very controversial in patients with NAFLD. The ef-
fectiveness of treatment lasts for six months. Complications such as 
severe bloating, gas, fibrosis in the stomach wall, perforation, and bac-
terial overgrowth may develop.
All patients must be consulted by the gastroenterology, endocrine, and 
psychiatry departments before EBMTs. All endoscopic procedures 
should be follow-ups, and possible complication management should 
be performed in experienced centers.

Endoscopic bariatric and metabolic treatments are an 
effective and safe option for morbidly obese patients for 
whom a surgical approach is not planned.

Bariatric Surgery
According to the results of the Türkiye Nutrition and Health Survey 
conducted by the Ministry of Health, the prevalence of obesity in 

Figure 3. Current Endoscopic Bariatric and Metabolic Treatments.
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Türkiye was 30%.[248] Obesity is the most significant factor in develop-
ing NAFLD. The fight against obesity aims to reduce the weight of the 
patients, as well as to place comorbid diseases in remission and improve 
the general health picture. Although there are diet, exercise, behavioral 
treatments, and medical treatments in the fight against obesity, bariatric 
surgery has been accepted as the most effective treatment method that 
provides long-term sustainable weight loss.[248–250] It is known that 
bariatric surgery has beneficial metabolic effects independent of weight 
loss, includes remission in diabetes, and reduces CVD risk factors in 
obese and T2DM patients with a BMI of 35 kg/m2 or greater who do not 
respond adequately to medical treatment.[248–251]

At the Diabetes Surgery Summit held in Rome in 2007, it was sug-
gested to use the term “Metabolic Surgery” instead of the words “Obe-
sity Surgery” or “Bariatric Surgery” to emphasize that these surgeries 
provide weight loss as well as remission in severe comorbid diseases.
[252] Indications for metabolic surgery are given in Table 14.
Before metabolic surgery, it should be determined whether the pa-
tient has had at least two professionally assisted weight-loss attempts. 
Metabolic surgery should not be used as a first-line treatment in indi-
viduals who have never attempted to lose weight. The most important 
reason for this is the prediction that the patient may be incompatible 
with the diet and lifestyle changes that will be given after the surgery. 
Therefore,
• Metabolic surgery procedures should be performed in approved 

obesity centers;
• Before metabolic surgery, a multidisciplinary evaluation of the 

patient should be conducted by specialists in internal medicine, 
gastroenterology, cardiology, physical medicine and rehabilitation, 
general surgery, psychiatry; and

• Physicians should plan a treatment of approximately six months 
that gradually introduces cognitive training, behavioral and envi-
ronmental changes, and diet practices to patients in modules de-
signed by the Republic of Türkiye’s Ministry of Health in the circu-
lar numbered 19602659.

It has been shown that obese patients with NAFLD undergoing meta-
bolic surgery lost an average of 55% of their excess weight in the sixth 
month, and there was a 22% decrease in liver volumes, 84% decrease 
in steatosis, and a 50% regression in fibrosis in MRI follow-ups.[253] 
It has been reported that, while the decrease in liver volume reaches 
its peak in the first-month post-operation, hepatic steatosis continues 
to decrease in parallel with weight loss in the ongoing process. In the 
AASLD guidelines, sleeve gastrectomy is recommended as the surgi-
cal method in obese patients with NAFLD.[2] Since these patients can 
regain weight after surgery, they should be followed up regularly in 

the post-surgical period. The need for surgical revision after metabolic 
surgery is reported to be between 10% and 20%.[254]

Obesity has a negative effect on the natural history of compensated 
cirrhosis. It has been suggested that weight loss is an essential ther-
apeutic intervention in these patients.[255] Obese patients with com-
pensated cirrhosis may benefit from metabolic surgery for this pur-
pose. The incidence of incidental cirrhosis during metabolic surgery 
is reported to be between 1% and 4%.[256] Elective surgeries in pa-
tients with cirrhosis are high-risk procedures. While the metabolic 
surgery mortality rate is 0.3% in patients without cirrhosis, this rate 
increases to 0.9% in cases of compensated cirrhosis and 16.3% in 
those with decompensated cirrhosis.[257] A systematic review reported 
that complications were seen in approximately 21% of patients after 
bariatric surgery, decompensation developed in 7% of patients, and 
1.6% and 2.5% mortality were observed in the early and late periods, 
respectively.[258] In addition, rapid weight loss after surgery may also 
cause decompensation. Surgical procedures should be performed by 
an experienced bariatric surgeon and follow the decision of a board 
of physicians who are experts in their field. It is recommended that 
obese patients should be evaluated for cirrhosis by gastroenterology 
specialists before metabolic surgery and that they should be followed 
up regularly after surgery.
Sleeve gastrectomy is frequently preferred in cirrhotic patients because 
of the rapid procedure, low complication rates, no anatomical changes, 
and no impediment to LT.[259,260] In addition, it has been reported that 
sleeve gastrectomy can be performed as a safe surgical procedure with 
or after LT in these patients.[259,260] Sleeve gastrectomy should be per-
formed in experienced centers in compensated cirrhotic patients. Sleeve 
gastrectomy may rarely increase the risk of gastric variceal bleeding.
Malabsorptive procedures (Roux en Y gastric bypass and biliopancre-
atic diversion) are rarely applied and should be preferred in patients 
with high-calorie liquid food addiction. These approaches increase 
hepatic decompensation. Moreover, due to anatomical changes, en-
doscopic interventions in the remnant stomach and biliary system be-
come impossible in cases such as gastrointestinal bleeding and biliary 
obstruction.

If weight loss cannot be achieved with lifestyle changes, 
diet, and exercise in obese NAFLD patients, bariatric 
surgery should be considered. The benefits and risks of 
the surgery should be evaluated with a multidisciplinary ap-
proach, and a joint decision should be made.

Table 14. Indications for Metabolic Surgery According to the International Federation for the Surgery of Obesity and Metabolic Disorders

45 kg more than the ideal body weight calculated according to the patient’s gender and height

BMI >40 kg/m2 without comorbid illness or

In case of BMI >35 kg/m2 and at least one of the obesity-related comorbidities, including NAFLD

BMI values can be stretched to the range of 30–35 kg/m2 considering comorbid diseases*

Age range of 18–65 years

Appropriate psychiatric status

No drug addiction

The patient has the capacity to understand the risks associated with the surgery and what to do after the surgery

*: In conditions involving multiple comorbidities such as metabolic syndrome; BMI: Body mass index.
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Liver Transplantation and Follow-Up
The frequency of LT with indications for NAFLD-related cirrhosis and 
HCC is increasing in Türkiye and worldwide. NAFLD-related cirrhosis 
is the second most common reason for LT in the United States.[1–3,261] 
NAFLD-related cirrhosis and HCC is the second most common etio-
logic factor for liver recipients on the waiting list.[1–3,262] While the an-
nual rate of liver transplant patients for NAFLD-related cirrhosis in the 
UK was 4% in 1995, it was 12% in 2013.[43] Indication of LT was not 
different from the cases of liver cirrhosis and HCC due to other causes 
in the NAFLD group.
Patients with NAFLD on the LT waiting list are generally older and 
more likely to experience MetS, kidney failure, and lower GFR. Post-
transplant survival is usually reported at similar rates to LTs with other 
etiologies. However, according to the United Network of Organ Shar-
ing data, ten-year survival in liver transplant patients due to NAFLD 
cirrhosis is lower than in patients with autoimmune liver diseases, 
chronic hepatitis B, and prolonged hospital stays have been reported 
due to comorbidities.[2,38,263–265] The presence of MetS and CVD is a 
determinant in terms of morbidity and mortality before and after LT 
(Table 15).[264–266] For this reason, it is recommended that this group of 
patients should be evaluated in detail before LT.[3,262,266]

Different rates of disease recurrence or newly developed NAFLD are 
reported by transplant centers after LT.[264,267–270] Histopathologically, 
steatosis is observed in 18%–40% of protocol biopsies performed after 
LT, regardless of recurrent disease.[267–269] Steatohepatitis in recipients is 
observed in 1%–13% of cases, and steatosis is usually macrovesicular 
and moderate.
The distinction between disease recurrence or newly developed NAFLD 
after LT is often difficult. If there is NAFLD development following 
LT in patients with cryptogenic cirrhosis, obesity, diabetes, hyperlipi-
demia, hypertension, or MetS risk factors in the pre-transplantation 
period, recurrence of NAFLD should be considered primarily.[267–270] 
It has been reported that the disease progresses more slowly in newly 
developed NAFLD cases. Hepatosteatosis is prominent, and fibrosis 
develops more slowly. However, fibrosis development and progression 
to cirrhosis are faster in recurrent NAFLD cases.[267–270] MetS, obesity, 
renal failure, and CVD are more common in recurrent cases.[267–270]

The diagnosis and treatment approach in patients who develop NAFLD 
following LT is similar to that of patients without transplantation. Diet 
and exercise, blood glucose regulation, control of hypertension, and 
lipid levels should be targeted.[267–271] In addition, immunosuppressive 
therapy should be individualized.
Combined LT and metabolic surgery after LT are recommended in 
morbidly obese cases.[272,273] However, since living donor LT is fre-
quently performed in Türkiye, it would be a more appropriate ap-
proach to perform metabolic surgery electively after LT instead of 
combining the two. On the other hand, finding suitable living donors 
for patients with NAFLD-related cirrhosis is an important problem in 
clinical practice.

Liver transplantation is recommended in the presence of 
decompensated cirrhosis with/without HCC due to NAFLD.
The presence of MetS and CVD are important causes of 
morbidity and mortality after transplantation.

NAFLD in Children
NAFLD develops in children aged 18 years and under. Genetic or meta-
bolic diseases, infections, drug use, alcohol consumption, or malnutri-
tion are not responsible for the etiology of NAFLD.[274] NAFLD is often 
closely associated with obesity, IR, and dyslipidemia.[2,3,274] As in adults, 
because of the increasing prevalence of obesity worldwide, NAFLD 
has become the most common pediatric liver disease in Western coun-
tries.[274,275] The spectrum of pediatric NAFLD is similar to that of adults 
and ranges from simple fatty liver to steatohepatitis, cirrhosis, and 
HCC. NAFLD-related advanced liver failure rarely develops in chil-
dren.[2,3,274,276] Cirrhosis has been reported as early as two years and at 
8–9 years of age.[277–279] Adults with NAFLD onset in childhood are at 
increased risk for early or severe complications from NAFLD.[2] There-
fore, early detection and identifying a practical approach to treating 
NAFLD are important to prevent future complications.

Prevalence and Risk Factors
The incidence and prevalence of NAFLD in children vary due to dif-
ferences in the diagnostic method used and the heterogeneity in the 
population studied (e.g., geographic region, ethnicity, and race). In 
a study from the USA that included 742 autopsies of children aged 
2–19 years, the prevalence of NAFLD was 9.6% in the entire study 
group. The prevalence has been reported as 5% in normal-weight, 
16% in overweight (BMI 85–94th percentile), and 38% in obese (BMI 
≥95th percentile) children.[278] In the same study, while the frequency 
of NAFLD was 0.7% between the ages of 0 and 2 years, it was ob-
served that the frequency gradually increased with age and reached 
17% between the ages of 15 and 19.[278] In a meta-analysis involving 
children aged 1–19 years in 76 different populations, the frequency 
of NAFLD was 7.6% in the general pediatric population and 34.2% 
among obese children. However, there was significant heterogeneity 
between studies.[280] In a recent study involving 407 obese children 
aged 9–17, NAFLD was detected in 26% of patients with MRI.[281]

Several factors, such as genetics, environmental factors, high-calorie 
diet, excess (saturated) fat, refined carbohydrates, sugar-sweetened 
beverage consumption, excess fructose intake, and the Western diet, 
are all associated with the development of obesity and NAFLD in 
children.[283,284] Obesity is the most common and best-documented risk 
factor for NAFLD.[2] While MetS components, especially T2DM, are 
frequently seen in NAFLD patients. The risk of developing NAFLD 
is higher in those with MetS components.[1,3,37] Other risk factors, 
including puberty, male gender, ethnicity (higher in Hispanics and 
Asians, lower in Africans), and race (higher in Caucasians), are as-
sociated with pediatric NAFLD.[2,278] Studies conducted in the USA 
have reported that the risk of hepatic steatosis is four times higher 
in Hispanic adolescents than in non-Hispanic adolescents.[285] Many 
studies have reported that NAFLD is more common in boys.[278,286,287] 
PNPLA3 I148M polymorphism, TM6SF2 rs5854292624 gene, and 
glucokinase regulatory protein (GCKR) rs126032623 gene variants 
are mutations known as significant risk factors for the development of 

Table 15. Risk Factors for the Development of NAFLD After 
Liver Transplantation

Diabetes mellitus and insulin resistance Hyperlipidemia
Weight gain Fatty donor liver
Hypertension Hepatitis C virus infection
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NASH and fibrosis in the pediatric group.[3,282] However, today, geno-
type analysis is only sometimes recommended for NAFLD.[3] Some 
prenatal factors, such as maternal obesity, MetS during pregnancy, 
gestational diabetes, and intrauterine growth retardation, have also 
been shown to play a role in developing pediatric NAFLD.[288–290]

Natural Course of NAFLD
The natural course and consequences of pediatric NAFLD are not yet 
clear. However, it is well known that the entire spectrum of NAFLD can 
occur in childhood.[2,3,274,276] HCC is very rare in children.[291–293] NAFLD 
diagnosed in childhood, appears to be associated with increased mor-
bidity and mortality in early adulthood.[292,293] In a study conducted be-
tween 2005 and 2015, control biopsy data of children diagnosed through 
NAFLD biopsy and followed only with lifestyle change recommenda-
tions were evaluated.[293] The investigators reported that fibrosis im-
proved in 34% of patients and progressed in 23%, regardless of age and 
gender.[294] The disease improved in 29% of children with borderline or 
definitive NASH and progressed to classic NASH in 18% of patients 
between simple fatty liver and NASH. Overall, the disease progressed 
to fibrosis or NASH grade in 28% of the patients, and both fibrosis and 
NASH grades progressed in 7% of the patients. T2DM developed in 8% 
of patients.[294] The cause of the earliest morbidity of pediatric NAFLD 
is the development of T2DM.[282] In addition, pediatric NAFLD is asso-
ciated with developing dyslipidemia and hypertension.[274]

Screening for NAFLD
Children with NAFLD are often asymptomatic in children. Since it 
can be a progressive disease, screening the risk group for NAFLD is 
appropriate. Overweight and obese children are at increased risk for 
NAFLD. The risk of developing NAFLD is higher in the presence of 
cardiometabolic risk factors such as IR, prediabetes, diabetes, dyslipi-
demia, and central adiposity. Children with cardiometabolic risk factors 
who are not overweight are also at risk for NAFLD.[274] Siblings and 
parents who are overweight due to genetic predisposition are also at 
high risk of developing NAFLD.[295] The North American Society for 
Pediatric Gastroenterology, Hepatology & Nutrition (NASPGHAN) 
practice guideline recommends screening for NAFLD between the ages 
of 9 and 11 in all obese children and overweight children with additional 
risk factors (central adiposity, IR, prediabetes or diabetes, dyslipidemia, 
sleep apnea or a family history of NAFLD/NASH).[274] It has been stated 
that screening at a younger age is appropriate in children in high-risk 
groups, such as those with severe obesity or panhypopituitarism.

Diagnosis and Assessment
Biochemical tests and imaging methods are frequently used in the di-
agnosis of NAFLD. However, it is known that advanced fibrosis may 
occur in cases where ALT is normal or slightly increased.[279,296,297] 
The NASPGHAN guidelines recommend using serum ALT levels in 
NAFLD screening, although this has limitations. Specifically, it is em-
phasized that the age- and gender-specific upper limits of average (22 
U/L in girls, 26 U/L in boys) should be taken into consideration, and 
cases should be screened for three months when the serum ALT level is 
two times higher than the upper limit of normal. Although serum ALT 
levels are not sensitive enough to determine the NAFLD phenotype, it 
has been reported that children with high serum ALT levels (≥80 U/L) 
are more likely to have NASH than those with lower levels (<80 U/L).
[298] International guidelines have suggested that abdominal US is the 
first imaging modality of choice in diagnosing NAFLD, as it provides 
additional information.[3]

Before the diagnosis of NAFLD is made, causes that increase liver 
damage, such as viral hepatitis, autoimmune liver disease, congenital 
metabolic diseases (fatty acid or carnitine metabolism disorders, mono-
genic diseases such as peroxisomal diseases, cystic fibrosis, lysosomal 
storage diseases), celiac disease, and hepatotoxic drug use, should be 
excluded.[2,274] In many children, serum autoantibodies may be positive 
at low titer. In cases with high autoantibody positivity and especially 
with increased serum globulin values, a liver biopsy is required to dif-
ferentiate autoimmune hepatitis from NAFLD.[2,274,296]

The degree of fibrosis in patients with NAFLD is an important prognos-
tic factor for the long-term outcome of the disease. It has been observed 
that fibrosis scoring systems such as AST/ALT ratio, NFS, APRI, and 
FIB-4 score, which are used to determine advanced fibrosis in adult 
patients with NAFLD, do not provide satisfactory results in determin-
ing advanced fibrosis in children.[299–303] The “Pediatric NAFLD fibrosis 
index”[299] developed for pediatric patients was not found to be suffi-
cient in the external validation study.[300] Similarly, although serological 
tests, such as ELF test and pediatric NAFLD fibrosis score, have been 
reported to have high accuracy in children, it has been emphasized 34 
that external validation studies are needed for their routine use.[301,302] 
Good results have been reported in ongoing studies of the validity and 
accuracy of imaging techniques, such as TE and MRE, in children, but 
validation studies are needed.[274,303,304] Liver biopsy remains the gold 
standard for diagnosing and grading NAFLD.[305,306] In international 
guidelines, liver biopsy is recommended in children with suspected 
NAFLD when another or a concurrent curable disease is suspected, 
when clinically advanced NAFLD is suspected, and when pharmaco-
logical treatment or surgical intervention is considered for NAFLD.
[2,307] Pathologists interpreting pediatric liver biopsies should recognize 
and report specific (pediatric type) NAFLD features in children.

• During the examination of a patient with suspected pediatric 
NAFLD, it is mandatory to exclude other etiological factors 
that may cause elevated serum aminotransferase or hepatic 
steatosis and to investigate coexisting chronic liver diseases.

• A liver biopsy is still the gold standard for the diagnosis 
and determination of the grade of NAFLD.

Treatment
The primary goal in the treatment of NAFLD is reducing hepatic adiposity, 
the severity of inflammation, and the fibrosis stage. Another treatment goal 
is the reduction of excess adipose tissue to correct dyslipidemia, IR, high 
blood pressure, and central adiposity. It is essential to manage diabetes, 
CVD, and hypertension, which are comorbidities of NAFLD in children, 
to prevent undesirable clinical results that may occur in the future.[274]

Lifestyle Intervention
Lifestyle changes should be implemented in all overweight and obese 
children with NAFLD.[2] It has been demonstrated that weight loss sig-
nificantly improves metabolic and hepatic findings in these children.[177] 
Today, lifestyle modification, diet, and increasing physical activity are 
the primary treatment approach for pediatric NAFLD.[274] However, it is 
unknown how much weight loss is required to recover NASH histology 
in children.[2,274,308] The NASPGHAN guidelines recommend avoiding 
sugar-sweetened beverages, consuming a healthy and balanced diet, 
moderate and high-intensity daily exercise, and less than two hours of 
screen time per day as lifestyle modifications.[274]
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Medical Treatment
Currently, no drug is approved for NAFLD in children within the in-
dication. As in adults, clinical studies on the treatment of pediatric 
NAFLD have focused on IR and oxidative stress. Bariatric surgery is 
not a specifically recommended treatment for pediatric NAFLD pa-
tients.[274] In the NASPGHAN guidelines, metabolic surgery can be per-
formed in children with a BMI of 35 kg/m2 or above without cirrhosis 
and in selected patients with serious comorbidities such as T2DM, se-
vere sleep apnea, and idiopathic intracranial hypertension.[274]

The appropriate long-term follow-up frequency of children with 
NAFLD needs to be more precise. The frequency of follow-up is related 
to the severity of the disease. It has been demonstrated that frequent 
visits are effective in achieving and maintaining the intended weight 
loss in overweight and obese children.[309,310] Pediatric NAFLD is fre-
quently associated with CVD risk factors, particularly dyslipidemia.
[311] Children with NAFLD often have early signs of atherosclerosis.
[312,313] In the NASPGHAN guidelines, it is recommended that children 
with NAFLD be screened for dyslipidemia at the time of diagnosis 
and periodically, but there is no recommendation for treating dyslipi-
demia.[274] Children with NAFLD are at higher risk of hypertension 
than obese children without NAFLD, and this risk persists over time.
[314] Therefore, guidelines recommend monitoring and treating over-
weight and obese children for hypertension.[315] Studies on the preva-
lence of prediabetes and T2DM in children with NAFLD are limited. 
A study conducted on children with biopsy-proven NAFLD found that 
the probability of NASH is higher in children with prediabetes and di-
abetes.[316] Another study found that the prevalence of prediabetes and 
MetS increased with the hepatic fat content determined by MRI.[317] It 
was reported that glucose and insulin sensitivity indicators were asso-
ciated with basal hepatic fat content in children.[318] The NASPGHAN 
guidelines recommend that children with NAFLD should be followed 
up by measuring fasting serum glucose level or HbA1c level at least 
once a year during and after diagnosis. A glucose tolerance test should 
be performed if these test values are at prediabetic levels.[274]

• Lifestyle modification, including dietary and exercise, is 
the first treatment approach in children with NAFLD.

• Currently, there is no approved drug for the treatment of 
NAFLD in children.

Preventive Strategies and Health Policies
The proportions of overweight and obese individuals in the Turkish 
population were 32% and 15%, respectively, in 2008. These rates in-
creased to 35% and 21%, respectively, in 2019, based on data from the 
Turkish Statistical Institute (TUIK). It is known that the median age of 
those diagnosed with NAFLD is 55 years; 40% of the patients were 
diagnosed in their very productive years, such as 35–55 years. The rate 
among individuals under 35 years old is approximately 9%, and they 
were followed up for about 2.6 years after diagnosis.[319] Hospital vis-
its of these patients increased after they were diagnosed with NAFLD. 
This increase in visits started from primary health centers and reflected 
all other clinics, especially gastroenterology, endocrine, and cardiology. 
The initial diagnosis costs of these patients were relatively high. Un-
fortunately, studies on the disease burden and the cost of NAFLD in 
Türkiye are limited. In the United States, approximately $100 billion 

of annual medical expenses (60 million patients, $1,613 per patient) are 
thought to result from NAFLD.[319,320] In European countries, 35 billion 
euros of annual medical costs (50 million patients, 354–1,163 euros per 
patient) are due to NAFLD.[320] Prices are highest in the 45–65 age group, 
as expected. The disease burden increases significantly when social and 
economic fees other than direct health expenditures are included. Ac-
cording to studies, NAFLD, NASH, and advanced liver disease patients 
are admitted to the hospital on average 2.9, 4.2, and 4.4 times a year, 
respectively. It is reported that the annual health expenditures of these 
patients are 10,576 euros in patients without advanced liver disease, 
19,681 euros in patients with cirrhosis, 26,220 euros in patients with 
HCC, and 65,137 euros in those who undergo LT.[321] In addition, due to 
the high prevalence of diabetes, hypertension, and other cardiovascular 
comorbidities, the disease burden increases even more.[1–3,261]

According to the 2020 report by the WHO, approximately 71% of 
annual deaths are due to non-communicable diseases. About 30 mil-
lion people between 30 and 69 die yearly.[322] Following the global 
impact of COVID-19 on the whole world, the living conditions of 
individuals have changed, the length of stay at home has increased, 
physical activities have decreased, and there have been delays and 
disruptions in the provision of non-COVID-19 healthcare services. 
Curfews, disturbances in the diagnosis and treatment of chronic dis-
eases, psychological stress, increased anxiety, and changes in nutri-
tional profile negatively affected the process. Likewise, the decrease 
in the physical activities of children, being away from school, de-
crease in social activities, and increase in the time spent in front of the 
computer will soon negatively affect the incidence of obesity and re-
lated diseases in this age group. According to the “Food Supplement 
Use and Nutritional Habits Measurement” survey conducted by the 
Food Supplement and Nutrition Association, food supplements have 
increased during the COVID-19 pandemic. Looking at an analysis of 
food sales analysis, there has been a change in nutrition habits during 
this pandemic. This situation is expected to worsen in Türkiye and 
gradually become essential in health expenditures.

• Lifestyle changes, deterioration of nutritional habits, un-
controlled and unconscious supplementation, and drug 
use adversely affect the NAFLD process.

• It is essential to determine cost-effective screening pro-
grams for NAFLD, establish early diagnostic methods, 
and analyze effectiveness and efficiency in developing 
preventive strategies and health policies for NAFLD.

Conclusion
NAFLD is a chronic liver disease with increasing incidence in the pe-
diatric and adult populations. It is characterized by abnormal fat accu-
mulation in the liver without significant alcohol use. NAFLD is more 
common in individuals with obesity, IR, T2DM, and MetS. NASH is 
a progressive disease, and accompanying metabolic disorders acceler-
ate its progression. Therefore, individuals with metabolic abnormalities 
should be evaluated for NAFLD. Abdominal US is the first method to 
be used in diagnosis and screening. Transient elastography and MRE 
accurately identify liver fibrosis if access is possible. A liver biopsy 
remains the gold standard for diagnosing and assessing NAFLD. Diet, 
exercise, and improvement of accompanying metabolic disorders are 
currently the most effective approaches in the treatment of NAFLD.
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