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Abstract: Metabolic syndrome (MetS) is characterized by an association of cardiovascular and
diabetes mellitus type 2 risk factors. Although the definition of MetS slightly differs depending
on the society that described it, its central diagnostic criteria include impaired fasting glucose, low
HDL-cholesterol, elevated triglycerides levels and high blood pressure. Insulin resistance (IR) is
believed to be the main cause of MetS and is connected to the level of visceral or intra-abdominal
adipose tissue, which could be assessed either by calculating body mass index or by measuring
waist circumference. Most recent studies revealed that IR may also be present in non-obese patients,
and considered visceral adiposity to be the main effector of MetS’ pathology. Visceral adiposity is
strongly linked with hepatic fatty infiltration also known as non-alcoholic fatty liver disease (NAFLD),
therefore, the level of fatty acids in the hepatic parenchyma is indirectly linked with MetS, being
both a cause and a consequence of this syndrome. Taking into consideration the present pandemic of
obesity and its tendency to drift towards a progressively earlier onset due to the Western lifestyle,
it leads to an increased NAFLD incidence. Novel therapeutic resources are lifestyle intervention
with physical activity, Mediterranean diet, or therapeutic surgical respective metabolic and bariatric
surgery or drugs such as SGLT-2i, GLP-1 Ra or vitamin E. NAFLD early diagnosis is important due
to its easily available diagnostic tools such as non-invasive tools: clinical and laboratory variables
(serum biomarkers): AST to platelet ratio index, fibrosis-4, NAFLD Fibrosis Score, BARD Score, fibro
test, enhanced liver fibrosis; imaging-based biomarkers: Controlled attenuation parameter, magnetic
resonance imaging proton-density fat fraction, transient elastography (TE) or vibration controlled TE,
acoustic radiation force impulse imaging, shear wave elastography, magnetic resonance elastography;
and the possibility to prevent its complications, respectively, fibrosis, hepato-cellular carcinoma or
liver cirrhosis which can develop into end-stage liver disease.
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1. Introduction

Metabolic syndrome (MetS), also known as insulin resistance (IR) syndrome or Syn-
drome X (terminology not commonly used as another syndrome X has been documented
in cardiology), represents an association of risk factors for cardiovascular (CV) disease
(CVD) and type 2 diabetes mellitus (T2DM) that co-occur more frequently than by chance.
These risk factors are represented by high blood pressure (HBP), impaired fasting glucose
(IFG), increased level of triglycerides (TG), low high-density lipoprotein (HDL) cholesterol
levels, and obesity (mostly abdominal type). It is becoming increasingly clear that this
constellation of metabolic disorders is connected to IR and is more frequently found in
people with abdominal obesity, particularly in those with an excess of intra-abdominal
or visceral adipose tissue [1]. IR creates an atherogenic, inflammatory and prothrombotic
state and it is not only a factor which increases the risk of T2DM but also a prevalent cause
of CVD [2]. Non-alcoholic fatty liver disease (NAFLD) is strongly related with IR, and
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it can be a cause, but also a consequence of MetS [3]. It is estimated that 32.4% of the
population worldwide has NAFLD. The incidence and prevalence have rapidly increased
over time, from 25.5% before 2005 to 37.8% in 2016 [4], synchronising with the global obesity
pandemic [5] and becoming one of the leading causes of cirrhosis in some countries [6].
Moreover, it is predicted that, in terms of indication for liver transplantation, NAFLD will
exceed the viral ethology [7]. The overall prevalence of NAFLD was significantly higher in
male than in female. Liver biopsy is the gold standard for diagnosis NAFLD, but due to its
inconvenience, other non-invasive ways of diagnosis were developed (serum biomarkers
and imaging-based biomarkers).

This article aims to assess the relationship between the MetS and development of
NAFLD, as well as the diagnostic procedures for NAFLD, in order to ensure that this
condition is identified and treated promptly as to avoid complications such as fibrosis or
hepatocellular carcinoma (HCC), which are an important economic burden, but also, in
the long run, lead to the patient’s disability, and, therefore, higher costs for the healthcare
systems are required.

2. Definition of MetS

The challenge represented by MetS is that various organizations offered slightly differ-
ent clinical screening parameters and cut-off values for identifying individuals with MetS
which are somewhat ambiguous compared to the conceptual description of the MetS. The
first formalized definition of MetS was offered in 1998 from a consultation group towards
the World Health Organisation (WHO). The WHO diagnosis has mandatory markers of IR
(glucose > 6.1 mmol/L or > 110 mg/dL, 2 h glucose > 7.8 mmol/L or > 140 mg/dL) and
a minimum of two additional risk factors: low HDL-cholesterol level (HDL-cholesterol
< 0.9 mmol/L or < 35 mg/dL in males and < 1.0 mmol/L or < 40 mg/dL in females), high
TG levels (>1.7 mmol/L or >150 mg/dL), obesity (waist/hip ratio > 0.9 in male or > 0.85 in
female or body mass index (BMI) > 30 kg/m2), HBP with systolic (>140/90 mmHg). In 2001,
the National Cholesterol Education Program Adult Treatment Panel III (ATP) [8] developed
a new definition for MetS that did not require the expression of IR or a single factor for diag-
nosis, but rather the presence of 3 out of the 5 factors listed below which include abdominal
obesity (waist > 102 cm in males or > 88 cm in females) (which is strongly associated with
IR), elevated TG (>1.7 mmol/L or >150 mg/dL), reduced HDL cholesterol (<1.0 mmol/L
or <40 mg/dL in males, <1.3 mmol/L or <50 mg/dL in females or drug treatment for
low HDL cholesterol), elevated blood pressure (BP) (>130/85 mmHg or drug treatment
for HBP), and IFG (glucose > 5.6 mmol/L or > 100 mg/dL or drug treatment for elevated
blood glucose) (IFG or T2DM). To integrate these two different definitions, the International
Diabetes Federation (IDF) [9] and the American Heart Association/National Heart, Lung,
and Blood Institute (AHA/NHLBI) [10] promulgated in 2005 a new definition for MetS,
but there were variations based on waist size. IDF, in comparison with WHO’s definition,
assert abdominal obesity as mandatory (waist > 94 cm in males or > 80 cm in females)
along with the presence of two or more of the following: blood glucose > 5.6 mmol/L
(100 mg/dL) or diagnosed DM, HDL cholesterol < 1.0 mmol/L (<40 mg/dL) in males,
<1.3 mmol/L (<50 mg/dL) in females or drug treatment for low HDL cholesterol, blood
TG < 1.7 mmol/L (<150 mg/dL) or drug treatment for elevated TG, BP > 135/85 mmHg or
drug treatment for HBP. AHA/NHLBI did not consider abdominal obesity as mandatory,
and the waist parameters are 102 instead of 94 in males and 88 instead of 80 in females.
The parameters of the waist circumference (WC) from AHA/NHLBI are indicators for
a BMI of approximately 30 kg/m2, and those from IDF are more suggestive of a BMI of
25 kg/m2. Although they are not as widely used, somewhat slightly different definitions
were utilized by other organizations such the European Group for the Study of IR (EGIR)
and the American Association of Clinical Endocrinologists (AACE) in 2003. Because of
its heterogenous definition and cut-off criteria, the data existing on the epidemiology of
MetS differs. It is observed that the prevalence of MetS is higher using AHA and IDF (more
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sensitive criteria) compared to the ATP III definition, with a ranging prevalence from 12.5%
to 31.4% worldwide [11].

3. MetS and Liver Involvement

Initially, Reaven did not include obesity in his description of syndrome X since he
could identify non-obese people with IR and people with obesity who were insulin sensitive.
Obesity assessed by BMI alone, is not a predictor of MetS if not correlated with WC, age,
gender, and ethnicity, because IR has a strong connection with visceral adipose tissue. It is
important to identify people with adipose tissue that is distributed in deep compartments
because adipocytes from deep compartments are more metabolically active compared with
superficial adipocytes and are correlated with IR [12]. In this context, studies evaluating
adiposity using computed tomography (CT) revealed that an excessive build-up of visceral
adipose tissue was a key correlate of the characteristics of IR; however, CT is unlikely to
be employed widely due to the radiation exposure and cost of use [13]. More recently,
anomalies that are clustered together, as with those seen in visceral obesity, were found to
be nearly identical in people with extra liver fat. Liver fat accumulation may be evaluated
non-invasively and with high precision thanks to the development of magnetic resonance
spectroscopy. The data provided by this method corresponds with the findings of liver
biopsies, making it the best non-invasive way to determine the hepatic triglyceride content
(HTGC) and to identify hepatic steatosis [14]. Liver fat is tightly associated with fasting
insulin concentrations and direct measurements of hepatic insulin sensitivity, while the
amount of subcutaneous adipose tissue is not [15]. A fatty liver overproduces glucose and
lipids, especially very low-density lipoproteins (VLDL), the main players of MetS, but also
the majority of the well-known CV risk factors, including fibrinogen, C-reactive protein
(CRP), plasminogen activator inhibitor-1 (PAI-1) and coagulation factors [15,16].

4. NAFLD in the Pathogenesis of Metabolic Syndrome

NAFLD refers to the presence of fat in the liver (>5–10% of hepatocytes are fatty)
which is not associated with other known causes of steatosis such as: alcohol (defined
as >20 g of alcohol daily for females and >30 g for males in European and American
recommendations [17]), viruses, drugs, toxins, autoimmune disease or iron overload and is
accompanied most frequently, if not always, by IR [18]. NAFLD ranges from simple fatty
infiltration, without evidence of inflammation (non-alcoholic fatty liver (NAFL)), to fat and
inflammation (non-alcoholic steatohepatitis (NASH)) and cirrhosis, which can progress to
end-stage liver disease (ESLD) or directly to HCC. It is not a rule that all subjects with MetS
develop NAFLD, nor do all subjects with NAFLD develop NASH [19]. NAFLD and MetS
may be linked in a vicious cycle, with NAFLD becoming both a symptom and a cause of
MetS [20]. From the histological point of view, alcoholic steatohepatitis is indistinguishable
from NASH and is characterized by small and large macrovesicular steatosis droplets, but
may also be composed of a mixture of large and small vacuoles, ballooning necrosis, mild
inflammation, fibrosis, and it can be diagnosed by identifying these features on biopsy liver
samples as a gold standard method [21]. In the USA, NASH is the third most common
reason for liver transplantation [22] and the most common cause of cryptogenic cirrhosis.
According to reviews, 3–6% of people globally are thought to have NASH. It can proceed
to cirrhosis and ESLD, even though CVD is the primary cause of mortality in persons with
this condition [23]. In addition, the percentage of individuals in the United States who have
NASH as the primary cause of their HCC has increased 7.7-fold (from 2.1 to 16.2%) [24].
NAFL is typically asymptomatic, and most patients have normal transaminases levels, even
though the disorder is the most common reason for unexpectedly elevated transaminase.
At this time, it is not recommended to screen asymptomatic people or people with MetS or
simple steatosis [18]. According to a recent assessment, NAFLD may be responsible for 80%
of cases of increased transaminase levels in the American population [25] and similar data
have been obtained in the Italian [26] and Japanese [27] population. Due to the increase
in Western industrialized food, and the sedentary lifestyle, there is an obesity epidemic
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beginning in childhood with the increase of DM and, respectively, an increase in NAFLD
which is now recognized as the most prevalent chronic liver disease, with a worldwide
prevalence of 25% [28], with a high prevalence rate reaching 60–70% in patients with
DM [29]. T2DM is the most important risk factor for NAFLD and seems to be correlated
with the progression of the disease, with the presence of advanced fibrosis (AF), and is
associated with liver-related mortality, but it is usually overlooked in clinical practice [30].

5. New Therapeutic Perspectives in the Association between NAFLD and MetS

Montemayor et al. reported [31] in a study on 128 patients aged 40–60 years with
BMI between 27 and 40 kg/m2, with diagnosis of NAFLD and MetS, that conventional
diet (CD) 43 patients, Mediterranean Diet (MD)—high meal frequency, 43 patients, and
MD—physical activity (PA), 42 patients, decreased the intrahepatic fat content and liver
stiffness alongside with BMI, insulin, HbA1c, diastolic BP, HDL-C and ALT after 12 months
as seen in Table 1.

Konieczna et al. [32] reported in a study on 5867 patients with NAFLD risk factors
who used to consume ultra-processed foods, that administration of energy-restricted MD,
PA and behavioural support decreases the BMI, WC, HbA1c, TG after one year. The dietary
intake and PA were assessed at 0, 6 and 12 months using a semi-quantitative food frequency
questionnaire and validated Minnesota-REGICOR short PA questionnaire as seen in Table 1.

Van Kleef et al. [33] reported in a study of 667 patients, 229 of which had NAFLD
(assessed by ultrasound (US) after excluding secondary causes of liver steatosis such as
excessive alcohol consumption, steatogenic drug use, and hepatitis B or C), a mean age of
63.3 years and were females 53%. Of these, 229 (34.3%) had NAFLD and associated a higher
prevalence of overweight, DM, HBP, and lipid abnormalities. The intervention consisted
in PA—61.9% light intensity, 29.8% moderate intensity, and 8.2% vigorous intensity; and
resulted in amelioration of NAFLD incidence and in WC as seen in Table 1.

Recently, Lassailly et al. [34] reported long-term outcomes in a group of 180 patients
with severe obesity and biopsy-confirmed NASH who underwent metabolic and bariatric
surgery (MBS). At the 5-year post-surgical follow-up, NASH was resolved without dete-
riorating fibrosis in 84% of patients, fibrosis was reduced compared to baseline in 70.2%,
and it was totally resolved in 56%. MBS is now restricted to adults with a BMI of at least
35 kg/m2, a clinical indication that excludes many NAFLD patients as seen in Table 1.

In a study of 40 patients with obesity who underwent bariatric surgery, Pedersen et al. [35]
concluded that bariatric surgery reduces NAFLD and can reverse NASH. The study divides
the patients in two subgroups that were treated with two different surgical methods:
16 patients underwent Roux-en-Y gastric bypass (RYGB), and 24 patients underwent sleeve
gastrectomy (SG). RYGB appeared to minimize hepatic steatosis and enhance the plasma
lipoprotein profile better than SG. Even though there are presently no NAFLD guidelines
evaluating the efficacy of bariatric surgery in treating NAFLD, SG looks to be an equally
good alternative to RYGB in bariatric patients with NAFLD as seen in Table 1.

Newsome et al. [36] studied the efficacy of three different dosages of semaglutide
once daily (0.1, 0.2, and 0.4 mg) vs. placebo in a large cohort of 320 patients with NASH,
aged 18–75 years, 61% female, and 62% with T2DM. NASH resolution was observed in
59% of volunteers treated with the highest dose of semaglutide, compared to 17% in the
placebo group. The combined endpoint of NASH resolution and fibrosis improvement was
reported in 37% vs. 15% of semaglutide vs. placebo-treated patients as seen in Table 1.

Regarding the other novel antidiabetic non-insulinic drug [37], Mirarchi et al. [38]
reported in a review of 13 studies the benefits of sodium-glucose cotransporter-2 inhibitors
in patients with NAFLD decrease liver fat content, AST/ALT levels and liver stiffness as
seen in Table 1.
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Table 1. Novel therapeutic approaches in NAFLD and MetS.

Author Study Groups Intervention Outcome

Montemayor et al. [31] 128 patients

Conventional Diet,
Mediterranean diet (MD)–high

meal frequency
MD–physical activity groups.

↓ intrahepatic fat contents
↓ liver stiffness

ameliorated BMI, insulin, Hb1Ac, diastolic
blood pressure, HDL-cholesterol, and ALT

Konieczna et al. [32] 5867 patients
Energy-restricted MD, physical

activity promotion and
behavioral support

↓ of BMI, waist circumference
↓ HbA1c
↓ TG

Van Kleef et al. [33] 667 patients Different intensities of
physical activity

↓ NAFLD
↓ waist circumference

Lassailly et al. [34] 180 patients Bariatric surgery ↓ fibrosis
reversed NASH

Pedersen et al. [35] 40 patients Roux-en-Y gastric bypass
sleeve, gastrectomy

↓ NAFLD
reversed NASH

Newsome et al. [36] 320 patients semaglutide ↓ fibrosis
resolution of NASH

Mirarchi et al. [38]
Review with

511 patients from
13 studies

SGLT-2i
↓ liver fat content
↓ AST/ALT
↓ liver stiffness.

Vilar-Gomez et al. [39] 180 patients Vitamin E

↓ overall mortality and transplant rates
↓ rates of hepatic decompensation

↓ risk of death
↓ need for transplant

Benefits both in patients with or
without T2DM

↓—decrease; BMI—body mass index; HbA1c—glycated haemoglobin; HDL-cholesterol—high density lipoprotein-
cholesterol; ALT—alanine aminotransferase; TG—triglycerides; NAFLD—nonalcohol fatty liver disease; NASH-
non alcohol steatohepatitis; SGLT-2i—sodium-glucose loop transporter 2; AST—aspartate amino transferase;
T2DM—type 2 diabetes mellitus.

About Vitamin E use in liver involvement, Vilar-Gomez et al. [39] reported in a study
on 180 with biopsy-proven NASH and bridging fibrosis or cirrhosis—90 that received
treatment with vitamin E and 90 matched patients without vitamin E treatment; that
vitamin E treatment increase transplant-free survival rates and and lower rates of hepatic
decompensation, risk of death or need for liver transplant. The benefits were present both
in patients with or without T2DM as seen in Table 1.

6. Diagnosis of NAFLD

As we previously emphasized, NAFLD is an entity which includes both NAFL and
NASH; the difference between them being the presence of different grades of inflammation
and architectural remodelling, for example, fibrosis. Rapid detection of individuals with
severe fibrosis is essential for clinical therapy since they have a higher risk of developing
life-threatening complications such as HCC or oesophageal varices. To diagnose NAFL,
it is important to confirm the presence of hepatic steatosis either by imaging or histology,
but the diagnosis of NASH ultimately requires a liver biopsy, which remains the gold
standard for characterizing liver histology alterations. NAFL is described by convention,
as the existence of 5% hepatic steatosis without hepatocyte ballooning, which is a sign of
hepatocellular damage [40]. NAFL progresses to NASH when evidence of hepatocellular
injury characterized by the presence of lobular inflammation (mixture of CD4-(+), CD8-(+)
lymphocytes, Kupffer cell aggregates, polymorphonuclear leukocytes, macrophages, T-
cells), hepatocellular ballooning degeneration, apoptotic bodies, and Mallory-Denk bodies
(eosinophilic intracytoplasmic inclusion composed of misfolded filaments of keratins, heat-
shock proteins) [41] can be seen on histology samples [17]. The diagnosis is challenging at
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times because the characteristics of steatohepatitis are not uniformly present in all biopsies.
Early in the course of the illness, the histologic changes are distributed in a specific way,
with the most severe changes occurring in acinar zone 3. Perisinusoidal/pericellular
fibrosis, which features a “chicken wire” pattern is typical for NASH and is the most
common type of fibrosis in NASH [42]. Therefore, it is crucial to apply generally accepted
standards for the histological characterization. There are two accepted histological scoring
system for the diagnosis. One is Steatosis Activity Fibrosis from the European Fatty Liver
Inhibition of Progression Consortium which is comprised of three main characteristics
(steatosis, activity, fibrosis) defined as SAF score based on which fatty liver inhibition of
progression (FLIP) algorithm was developed, in order to decrease interobserver variations
among pathologists [43]. The second score is developed by The Pathology Committee of
the NASH Clinical Research Network and addresses the full spectrum of lesions of NAFDL
and proposed a NAFLD activity score (NAS). Both scores are typically used to standardize
the outcomes of clinical studies and employ the same histological lesions in the diagnosis
of NASH; however, the SAF score also considers the phases of fibrosis as opposed to NAS,
which does not include this feature because it is not reversible [44]. The NAS score can
capture the histological response to therapy and utilize features of active injury that are at
least potentially reversible. The score, which ranges from 0 to 8, is determined by adding
the unweighted scores for ballooning (0–2), lobular inflammation (0–3), and steatosis (0–3).
The use of a semiquantitative scale to stage fibrosis is a significant concern as well. Due
to the scales not being linear, the clinical implications between consecutive phases are
not equal (F0 to F1 is not equal to F2 to F3). More advanced stages of cirrhosis cannot be
identified once the diagnosis of cirrhosis (F4) has been made [45].

7. Prognosis in MetS

MetS was reported to be associated with a greater risk of CVD mortality, especially
in case of its independent components such as HBP and IFG [46]. MetS is frequently
associated with T2DM, and, together with NAFLD, lead to a more rapid progression
towards NASH [47]. Zhang et al. reported a 5-year survival rate for patients with NASH
cirrhosis of 75% [48].

8. Non-Invasive Assessment of NAFLD

The ideal biomarker is a trait that can be objectively assessed, recapitulates typical
pathogenic or physiological processes, and evolves in parallel with the improvements
and worsening of the disease. Biomarkers can be utilized in NAFLD to diagnose and
measure steatosis, assess for the existence of NASH, and quantify fibrosis. It is important
to identify which patients are associating features that lead to the progression of liver
disease because of the specific treatment and the high risk of developing cirrhosis and
its complications, including liver-related mortality [49]. The most accurate method for
diagnosing and staging NASH is liver biopsy, but this procedure is intrusive, expensive,
fraught with potential risks, and characterized by interobserver variability; due to these
disadvantages clinicians are developing several non-invasive modalities for diagnosing
NASH and staging liver fibrosis. These techniques include predictive models, serum
biomarkers, and imaging-based biomarkers [49].

8.1. Clinical and Laboratory Variables (Serum Biomarkers)

Assessment of steatosis: in clinical practice, scores for the identification of steatosis
have not yet attracted significant attention because diagnosis of NAFLD using recom-
mended imaging criteria is accurate [50]. Scores that can be used to determine steato-
sis include the Fatty Liver Index, Hepatic Steatosis Index, SteatoTest, NAFLD Liver Fat
Score, and Index of NASH. These tests are comparable in terms of the accuracy of steato-
sis diagnosis. To find independent and quantitative markers of steatosis, more studies
are required [51].
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Assessment of fibrosis: AF in NAFLD is clinically predicted by male gender, Caucasian
ethnicity, presence of T2DM, obesity, and elevated aspartate transaminase (AST) or alanine
aminotransferase (ALT) levels [52]. AST is a better predictor than ALT and early studies
found that an AST/ALT ratio >1 is associated with AF [53]. Serum ferritin level is associated
with hepatic iron deposition and histologic activity and, therefore, it is considered an
independent predictor of hepatic fibrosis among patients with NAFLD [54].

AST to platelet ratio index (APRI) takes into consideration the AST and platelets and
combines two biological phenomena that happen when NAFL progress to NASH: the
increase of AST and, respectively, the decrease in platelet count. It is a handy tool in clinical
practice due to its simplicity. The sensitivities and specificities in predicting NAFLD with
an APRI threshold of 1.0 and 1.5 were 50.0% and 84.0% and 18.3% and 96.1%, respectively,
with a positive predictive value (PPV) of 34% and 56% and a negative predictive value
(NPV) of 90% and 79% for AF as seen in Table 2 [55].

Fibrosis-4 (FIB-4) was initially created for patients with hepatitis C and HIV and,
eventually, it was discovered that the test was helpful in NAFLD. It uses age, AST, ALT,
and platelet count (using the same biological phenomena as APRI). At a value for FIB-4
1.93, the specificity is 90%, while the sensitivity is only 50% in identifying AF. A FIB-4 index
of 1.93 had a 90% NPV and a 36% PPV, while a FIB4 of 2.67 had an 85% NPV and an 80%
PPV for detecting AF, as mentioned in Table 2 [56].

NAFLD Fibrosis Score (NFS) is composed of 6 variables, and each of them represents
an independent indicator of AF: age, hyperglycaemia, BMI, platelet count, albumin, and
AST/ALT ratio. A score lower than −1.45 predicts the absence of AF F3-F4 (negative
predictive value), whereas a score higher than 0.67 predicts AF (positive predictive value).
For a value of 1.45, the sensitivity and specificity are 77% and 71% with PPV of 52% and
NPV of 88% for detecting AF, as seen in Table 2. It is considered that by applying this
score, 75% of liver biopsies could be avoided [57]. NFS is inaccurate in patients with
asplenia and after a trans-jugular intrahepatic portosystemic shunt because it may improve
thrombocytopenia associated with liver cirrhosis [58].

BARD Score is formed by the weighted sum of three variables (BMI, AST/ALT ra-
tio and presence of DM). A BMI ≥ 28 = 1 point, AST/ALT ratio ≥ 0.8 = 2 points and
T2DM = 1 point. A score of 2–4 was associated with 17-fold odds of F3–F4 stages of fibrosis
and have a negative predictive value of 97%. For a cut-off of 2, the sensitivity and specificity
for detecting AF are 86% and 72%, respectively, with a PPV of 35% and a NPV of 97%, as
seen in Table 2 [59].

Fibro test (FT) employs age- and gender-corrected total bilirubin, gamma glutamyl
transferase (GGT), 2-macroglobulin, apolipoprotein A1, and haptoglobin measurements.
It is important to do a correct anamnesis when using this tool because other conditions
interfering with alpha-2-macroglobulin (an inflammatory condition), bilirubin (Gilbert’s),
haptoglobin (haemolysis), GGT (using alcohol), can alter the results and give an inaccurate
estimation of fibrosis. A cut-off of 0.30 has a negative predictive value of 90% for AF
(sensitivity 77%), while a cut-off of 0.70 have a 73% positive predictive value for AF
(specificity 98%), as seen in Table 2 [60].

Enhanced liver fibrosis (ELF) is a more recently developed test, after demonstrating
that eliminating age from the formula does not change the test’s usefulness. ELF is a
more complex score and includes markers related to matrix turnover from serum samples:
hyaluronic acid, amino-terminal propeptide of type III collagen, and tissue inhibitor of
metalloproteinase 1. A score of 10.51 has a sensitivity of 100% and a specificity of 98% in
detecting AF with a PPV of 80% and a NPV of 100%, as seen in Table 2. It can predict severe
fibrosis and 81% of biopsies could have been avoided by using clinical utility modelling
to predict severe fibrosis [61]. The ELF has also been validated in paediatric patients with
NAFLD and it is important for identifying patients with progressive fibrosis that require
further histopathological analysis and treatment monitoring [62]. The primary drawback
of ELF is the tests’ comparatively poor accessibility in routine clinical practice [48].
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Table 2. Non-invasive assessment of advanced fibrosis in NAFLD. Cut-off values, sensitivity, speci-
ficity, PPV, NPV.

Non-Invasive Assessment of
Advanced Fibrosis in NAFLD

Cut-Off Values for
Advanced Fibrosis Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Serum Biomarkers

APRI 1.0
1.5

50
18

84
90

34
56

90
79

FIB-4 1.93
2.67

50
34

90
98

36
77

94
85

NFS −1.45
0.67

77
43

71
96

52
82

88
80

BARD Score 2 86 72 35 97

FT 0.3
0.7

77
15

77
98

54
73

90
76

ELF 10.51 100 98 80 100
Imaging-Based Biomarkers

CAP 327 (dB/m) 78 84 26 98

TE 25 (kPa) 99.5 90.4 91.5 98.6
ARFI 1.29 (m/s) 91 92 93 90

SWE 3 (kPa) 90 92 88 93

MRE 3.6 (kPa) 86 91 68 97

APRI, AST to platelet ratio index; FIB-4, fibrosis-4; NFS, NAFLD fibrosis score; FT, fibro test; ELF, enhanced liver
fibrosis; CAP, controlled attenuation parameter; TE, transient elastography; ARFI, acoustic radiation force impulse
imaging; SWE, shear wave elastography; MRE, magnetic resonance elastography; PPV, positive predictive value;
NPV, negative predictive value.

8.2. Imaging-Based Biomarkers

Assessment of steatosis: The most extensively used, least expensive, well-tolerated,
and secure method for grading and diagnosing steatosis (mild, moderate, and severe) is
conventional US. Despite the great accuracy in the detection of parenchymal fat (when
steatosis is less than 20 percent, it has low sensitivity and is unreliable [63]), several
important limitations can be faced, including subjectivity, operator reliance, and some
conditions like renal illness and morbid obesity [64]. In terms of tracking therapy progress
over time, this approach is not very useful [51].

Controlled attenuation parameter (CAP) is a novel US-based technique using a process
based on transient elastography (TE) for measuring steatosis. For a grade of steatosis of
5–33% the sensitivity is 73.1% and specificity is 95.2%, the cut-off 327 dB/m for detecting
advance fibrosis has a sensitivity of 78% and a specificity of 84% with a PPV of 26% and a
NPV of 98%, as seen in Table 2 [65]. This tool is limited among patients with severe obesity
and with ascites [66].

Magnetic resonance imaging proton-density fat fraction (MRI-PDFF) is a trustworthy
and validated marker of hepatic steatosis, measuring fat in the liver and monitoring patients
for therapy efficacy evaluation [67]. The cost of the method, the level of assessment skill
required, and other MRI-based restrictions are its disadvantages [68].

Assessment of fibrosis: The techniques, which mostly rely on US and magnetic reso-
nance technologies, are more precise than blood biomarkers but more difficult to use and
more expensive in clinical settings [66].

TE; Fibroscan or vibration controlled TE is a US-based method for assessing liver
elasticity by using the TE technique [67]. The main clinical indication is fibrosis staging
and therefore the liver elasticity is related to liver fibrosis. A mechanical vibrating source
is applied in the area dullest to percussion (9th–11th intercostal space) and an area of
the liver that is about 6 cm deep is examined. At least ten reliable measures should be
taken by the US operator. This is a reliable technique for identifying F4 fibrosis (cirrhosis)
and is useful for differentiating between AF (F2 or grater) and minimal or no fibrosis [69].
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Patients are recommended to fast for three hours prior to the measurement because results
may be influenced by fed state [70]. The test results are reported in kilopascal (kPa)
units [69]. The latest cut-off values reported are from Baveno VII, respectively, 5–10 kPa for
exclusion of compensated advanced chronic liver disease (cACLD), 15–25 kPa for assumed
cACLD and over 25 kPa for assumed clinically significant portal hypertension as seen in
Figure 1 [70]. For a cut-off value of 25 kPa, the specificity is 90.4% with a PPV of 91.5% as
seen in Table 2 [71,72].
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Acoustic radiation force impulse imaging (ARFI) is also a recently developed, US-
based technique, which applies vibration to evaluate the stiffness of the tissue by wave
speed propagation to estimate liver fibrosis. ARFI is integrated in the regular US device.
The short-duration acoustic push pulses induce within tissues shear stress, with intensities
depending upon tissue attenuation. The shear stress generates shear waves that propagate,
perpendicular to the main US beam, away from the original region of excitation [73]. As the
US detector in 1D, ARFI does not offer morphologic imaging guidance. ARFI diagnostic
accuracy is comparable to TE in assessing liver fibrosis [74]. The cut-off values for diagnosis
of fibrosis varies among studies and vendor system. For a value of 1.29 (m/s), the sensitivity
is 91%, the specificity is 92%, for detecting advance fibrosis with a PPV of 93% and an NPV
of 90%, as seen in Table 2 [75].

Shear wave elastography (SWE), also known as two-dimensional SWE, is a US-based
technique that measure liver stiffness, such as TE, in kPa units, with the advantage of
assessment of hepatic parenchyma. At a cut-off of 3 kPa, it shows a specificity of 92%
and a sensitivity of 90% in diagnosis of AF with a PPV of 88% and a NPV of 93%, as seen
in Table 2 [55,76,77].

Magnetic resonance elastography (MRE) is an advanced MR-based technique which
can also be performed to measure liver fibrosis. MRE is performed on a regular MRI
scanner which has additional hardware and software installed. Mechanical waves at 60 Hz
are generated in the liver by a passive driver attached to the body, anterior to the liver [78].
The passive driver is coupled to an active acoustic driver located outside the scanner room.
At the end of the examination, the machine provides a color-coded stiffness map which
interrogates the entire liver [78]. The accuracy of MRE in the diagnosis of AF is independent
of BMI, and degree of inflammation (ascites), and therefore has an advantage over TE [79].
In detecting AF for a cut-off of 3.6 kPa, MRE has a sensitivity of 86%, a specificity of
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91% with a PPV of 68% and an NPV of 97%, as seen in Table 2. MRE has a sensitivity of
91% and a specificity of 81% for an optimal cut-off of 4.11 kPa in detecting cirrhosis [80].
Regarding prospective patient follow-up, MRE can evaluate regression, treatment response,
and progression during the disease or in response to therapy [81].

9. Conclusions

MetS fundamentally represents an association of CVD and T2DM risk factors, char-
acterized by IR. NAFLD can be a cause, but also a consequence of IR and, therefore, it is
frequently associated with Mets. NAFL, in association with MetS and T2DM, increases the
progression to NASH, augmenting the morbidity and mortality rates. An early diagnosis
of NAFLD is a key for an optimal treatment of these patients, in order to minimize their
morbidity. Liver biopsy is the gold standard for diagnosis of NAFLD, but because it is
invasive, novel developed non-invasive techniques, which use serum biomarkers, and
imaging-based biomarkers should be promoted and used on a larger scale, respectively,
APRI, FIB-4, NFS, BARD SCORE, FT, ELF, TE, ARFI, SWE and MRE.
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