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Introduction:Many of the patients presenting with metabolic syndrome (MetS) also have liver steatosis (NAFLD) and some of them
could develop liver fibrosis.
Purpose: To develop a simple score that could rule out fibrosis, especially significant fibrosis (F≥2) and could be used in daily
practice in patients with MetS, in order to identify patients at risk.
Patients and Methods: A total of 204 patients with MetS were prospectively enrolled. Evaluation of liver fibrosis was made using
Vibration Controlled Transient Elastography while evaluation of steatosis was achieved using ultrasound (US).
Results: Out of 204 patients with MetS, 179 patients (87.7%) had reliable liver stiffness measurements and 22.9% (41/179) had F ≥2. To
formulate the fibrosis predicting score, all clinical variables associated with F ≥2 in the univariate analysis were considered in a multivariate
regression model. According to the power of correlation, by consensus, we attributed 1 point for BMI >31.4 kg/m2, 1 point for female
gender, 1 point for HDLc <47mg/dL, 1 point for mild steatosis at US, 1.5 point for moderate and 2 points for severe steatosis.
Conclusion: At an optimal cut-off value of <3.5, our score could be used to rule-out the risk for developing at least significant fibrosis
with a high negative predictive value (NPV 89.2%) in patients with MetS.
Keywords: metabolic syndrome, liver steatosis, liver fibrosis, liver elastography

Introduction
Metabolic syndrome (MetS) encompasses a constellation of conditions including abdominal obesity, insulin resistance,
hypertension and dyslipidemia. Due to its increasing prevalence, MetS is considered to be an emerging epidemic. MetS is
associated with nonalcoholic fatty liver disease (NAFLD), which has become the most common chronic liver disease in
many developed countries, mainly due to lifestyle changes.1 The prevalence of NAFLD increases with the number of
metabolic syndrome components present, affecting 30% of the general adult population and up to 60–70% of those with
MetS or with components of this condition.2 Insulin resistance acts as trigger for both MetS and NAFLD.3,4 There is
a bidirectional link between MetS and NAFLD, MetS increasing the risk for NAFLD as well as its severity,5,6 while the
latter increases the risk for MetS.7,8 Recently, the term metabolic associated fatty liver disease (MAFLD) has been
proposed to be used in clinical practice. MAFLD is present if hepatic steatosis is accompanied by either obesity or
overweight (BMI ≥25 kg/m2 in Caucasians), type 2 diabetes mellitus or evidence of metabolic dysregulation.9

NAFLD ranges from simple steatosis to non-alcoholic steatohepatitis (NASH), a condition that can lead to the
development of cirrhosis, hepatocellular carcinoma and eventually death. An important clinical predictor in terms of
overall mortality, liver-related morbidities and mortality remains the presence of liver fibrosis.10,11 Although liver biopsy
remains the gold standard for diagnosing NAFLD, and especially NASH, it is not feasible in a huge cohort of NAFLD
patients, and an alternative strategy to screen subjects for progressive liver disease, needs to be defined. In clinical
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practice, we have to identify those individuals with NAFLD and MetS who have significant fibrosis, in a manner that is
noninvasive and affordable by healthcare systems, in order to reduce the liver-related morbidity.

The most commonly non-invasive used method for diagnosing liver fibrosis and steatosis in patients with NAFLD is
Vibration Controlled Transient Elastography (VCTE) with Controlled Attenuation Parameter (CAP). VCTE quantifies
the speed of a mechanically induced shear wave into the liver tissue and estimates the severity of liver fibrosis using liver
stiffness measurements (LSM).12,13 Nowadays, VCTE can detect and quantify liver steatosis by measuring ultrasonic
attenuation of the echo signal, using the Controlled Attenuation Parameter (CAP). Several studies have shown that CAP
correlates with the histological grade of hepatic steatosis.14,15 However, using the M probe to quantify liver steatosis with
CAP, a high failure rate was recorded in obese patients. The method returned better result using the XL probe.16,17

The ultrasound is the most widely used diagnostic tool for the detection of steatosis in clinical practice. A large meta-
analysis that included 49 studies and 4720 subjects showed that the sensitivity of ultrasound for the diagnosis of moderate and
severe steatosis was 84.8% (95% CI: 79.5–88.9%), with 93.6% specificity (95% CI: 87.2–97.0) compared to liver biopsy.18

Taking into account that liver fibrosis is the main prognostic factor in patients with NAFLD, screening for significant
fibrosis in patients with metabolic syndrome seems to be of utmost importance.

The aim of the present study was to develop a simple score that could rule out the presence of significant fibrosis in
patients with MetS, which could be used in daily practice in order to identify patients at risk.

Patients and Methods
Study Cohort
This study was conducted between September 2020 and January 2021 in two tertiary departments of Gastroenterology
and Cardiology, respectively. We enrolled Caucasian patients with metabolic syndrome that addressed to the Cardiology
Department and that agreed to be evaluated. All patients were screened for the presence of liver steatosis using
ultrasound, and liver fibrosis was evaluated using Vibration Controlled Transient Elastography (VCTE).

The inclusion criteria were: age over 18 years, a previous diagnosis of MetS according to the International Diabetes
Federation criteria from 2006,19 willing to undergo abdominal ultrasound, VCTE and CAP measurements and blood
sampling. All patients were evaluated by the cardiologist by conventional mono (M) echocardiography.

The International Diabetes Federation criteria updated in 2006 define metabolic syndrome when three out of five
criteria are met, as follows: increased waist circumference ≥94/80cm (men/women) in the European population,
increased triglyceride level ≥150 mg/dL or treatment for elevated triglycerides; reduced high-density lipoprotein
cholesterol (HDLc) <40/50 mg/dL (men/women) or a treatment for low HDLc; raised blood pressure (BP): systolic
BP (SBP) ≥130 or diastolic BP (DBP) ≥85 mmHg or treatment of previously diagnosed hypertension; raised fasting
plasma glucose (FPG) ≥100 mg/dL or previously diagnosed type two diabetes.19

The exclusion criteria were: presence of chronic liver diseases (positive HBs Ag, positive HCVAb, increased gamma-
glutamyl transpeptidase, alkaline phosphatase, alcohol intake more than 20 g/day in women and >30 g/day in men,
documented use of drugs that induce steatosis - tamoxifen, steroids), malignancy, pregnancy, cardiac pacemakers or
defibrillators, history or recent diagnosis of heart failure (systolic dysfunction defined by LV ejection fraction≤50%),
significant valvular heart disease, and if aspartate aminotransferase (AST) and alanine aminotransferase (ALT) values
were more than five times the upper limit of normal (ULN). All patients gave their informed consent for the procedure.
The study protocol was conducted according to the Helsinki Declaration after the approval by our institution’s Ethical
Committee of Victor Babes University of Medicine (Nr. 49/21.09–14.10.2020).

Clinical Assessment
Complete medical history, anthropometric and blood pressure (BP) measurements were performed. Weight and height
were measured and body mass index (BMI) was calculated. Resting BP was measured three times by using an automated
oscillometric sphygmomanometer in seated position and the average of the measurements was used in the study. Arterial
hypertension was defined if BP > 140/90 mmHg and/or current antihypertensive therapy.20 Biochemical tests, clinical
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assessment, echocardiography, abdominal ultrasound, liver stiffness quantification by mean of VCTE were performed on
the same day.

Conventional Echocardiography
All the patients underwent M mode echocardiographic evaluation using a 3.5 MHz transducer on a GE phased array
ultrasound (VIVID 5S dimension, USA). The diameters of cardiac cavities and LV ejection fraction (EF) were calculated
according to the American Society of Echocardiography guidelines.21 The Doppler examination was performed using the
apical four-chamber viewwith the volume specimen placed at the mitral valve tip. The following parameters were determined:
the maximal protodiastolic velocity of the transmitral flow (peak E), the maximal telediastolic velocity (peak A), the E/A ratio,
and the isovolumic relaxation time (IVRT). LVEF was calculated using the Simpson biplane method.

Abdominal Ultrasound Examinations
Steatosis severity was evaluated by ultrasound in fasting conditions using a convex C5-1 transducer on Philips EPIQ 7
Ultrasound System (Philips Medical System, The Netherlands) and was assessed by the decrease in the intensity and
amplitude of ultrasound waves (posterior attenuation). A semi-quantitative scale was used ranging from 0 to 3, according
to the subjective assessment of the “brightness” of the liver as compared to the renal cortex and the intensity of “posterior
attenuation”. S0 : absence of steatosis (no posterior attenuation), S1: mild steatosis (discrete posterior attenuation)
(Figure 1); S2: moderate steatosis (obvious attenuation) (Figure 2); S3: severe steatosis (the posterior diaphragm difficult
to visualize) (Figure 3).22 The examinations were performed by two physicians trained in ultrasound techniques. The first
operator had 9 years of experience in ultrasound examinations, while the second operator had 4 years of experience.

VCTE was performed using FibroScan® 502 Touch (EchoSens, Paris, France) after more than 4 hours of fasting, from an
intercostal view of the right liver lobe. M or XL probe were used, as suggested by the probe selection tool. The Fibroscan® 502
Touch device automatically selected theM probe when the skin-to-liver capsule distance was ≤25mm, otherwise the XL probe
was used. Measurements were performed with the patient in a supine position, with the right arm abducted, according to the
EFSUMB recommendations.23 The median value of 10 valid liver stiffness (LS) measurements was calculated and the results

Figure 1 Mild steatosis (S1) bright liver with discrete posterior attenuation.
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were expressed in kilopascals (kPa). Reliable measurements were defined as the median value of 10 valid LS measurements,
with an interquartile range interval/median ratio (IQR/M) <30%.23 In order to discriminate between stages of fibrosis, we used
the following VCTE cut-offs: for F ≥2–8.2 kPa; for F ≥3–9.7 kPa; and for F = 4–13.6 kPa.13

Figure 2 Moderate steatosis (S2) bright liver with obvious posterior attenuation.

Figure 3 Severe steatosis (S3) bright liver with intense posterior.
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Statistical Analysis
Data analysis was performed using SPSS v.25 (Statistical Package for the Social Sciences, Chicago, IL, USA). Continuous
variables were presented as mean and standard deviation (SD) or as median and Inter-Quartile Range (IQR), based on their
distribution and based on Shapiro–Wilk test, respectively. Categorical data were described as frequency counts and their
respective percentages calculated from the total. Descriptive and inferential statistical analysis was conducted to summarize
the characteristics of the study population. We employed univariate logistic regression in order to find independent factors
associated with liver fibrosis, and then we introduced all the independent factors into a multivariate backward logistic
regression. In order to construct our score, we employed a backward multivariate logistic regression model. Akaike
information criteria (AIC) were used in order to determine the best model. Odds ratio and 95% confidence interval were
calculated. The Receiver Operating Characteristic (ROC) curve was employed to illustrate the diagnostic ability. Thresholds to
discriminate between the fibrosis and non-fibrosis group were determined with the Youden’s index. We also employed ROC
analysis for the final score model. In order to validate our score, we employed a Gradient Boosting machine learning
algorithm. We test the Hepatic Fibrosis Score (HFS) by a 10-fold cross-validation method. To avoid biased prediction, we
averaged model performance metrics across test folds. For the machine learning validation we employed KNIME 4.3.1
(KNIME AG, Zurich, Switzerland). A p-value under 0.05 was considered statistically significant.

Results
Out of 204 patients with MetS, reliable liver stiffness measurements (LSM) were obtained in 179 (87.7%). The baseline
demographic, as well as the clinical and biochemical characteristics of the study group are presented in Table 1. BMI,
waist circumference values, N-terminal pro b-type natriuretic peptide (NT-proBNP) were higher in the excluded group as
compared with the study group (p = 0.01). In the study group, the distribution of steatosis severity assessed by ultrasound
was as follows: 32.4% (58 pts) had mild steatosis (S1), 25.7% (46 pts) moderate steatosis (S2) and the majority of

Table 1 Baseline Characteristics of the Study Group

Parameter Study Group (179 pts)

Age, yearsa 63± 11

Gender: male/femaleb 90 (50.3%)/89 (49.7%)

BMI (kg/m2)c 32 [29–36]

Waist circumference (cm)c 110 [100–120]

sBP (mmHg)c 140 [130–155]

dBP (mmHg)c 80 [76–90]

HR (b/min)a 76 ± 11

HDL (mg/dL)c 45 [38–53]

Triglycerides (mg/dL)c 152 [101–197]

Fasting glucose (mg/dL)c 110 [99–133]

OGTT (mg/dL)c 136 [128–155]

Diabetes Mellitusc 71 (39.7%)

NT-proBNPc 60 [60–92]

Serum Albumin (mg/dL)c 64 [61–67]

Serum Ferritin level (ng/mL)c 157 [118–241]

(Continued)
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patients 41.9% (75 pts) had severe steatosis. According to VCTE measurements, 77.1% (138 pts) had no or mild fibrosis
(F <2), while 22.9% (41pts) had at least significant fibrosis (F≥2).

In order to find independent factors that were associated with liver fibrosis, we employed univariate logistic
regression. Age, gender, BMI, abdominal circumference, PCR-hs, serum albumin, and liver steatosis were found to be
independent factors for predicting liver fibrosis and were included in the final multivariate logistic regression model.

Our regression equation proved to be a good fit for the model, explaining 26.4% of liver fibrosis (Nagelkerke R Square =
0.264). Parameters that were statistically significant for predicting liver fibrosis in our study are presented in Table 2. In our
cohort, the risk of at least significant fibrosis (F ≥2, VCTE >8.2kPa) was increased in patients with a BMI higher than 31.4 kg/m2
(1.1-fold), by the presence of hepatic steatosis (1.5-fold), and by female gender (2.2-fold), while higher levels of HDL-c
correlated with a lower risk for significant fibrosis (0.9-fold).

Furthermore, we evaluated the diagnostic performance of ultrasound in comparison with CAP measurements
(Table 3). The accuracy of ultrasound performed by our operators was quite high 77% (Se 79.2% and Sp 72.4%) despite
the subjectivity of the operator.

Table 1 (Continued).

Parameter Study Group (179 pts)

PCR-hs > 9mg/Lb 19 (10.6%)

TSH µUI/mLc 2 [1.4–2.9]

GOT IU/Lc 28 [24–38]

GPT IU/Lc 27 [20–32]

LVEF (%)b 50 [45–55]

CAP db/mc 303 [270–345]

Notes:a mean, standard deviation;b number, relative frequency;c median, interquartile
range;
Abbreviations: BMI, Body Mass Index; sBP/dBP, systolic/diastolic Blood Pressure; HR,
heart rate; HDL, high density lipoprotein; NT-proBNP, N-terminal pro b-type natriuretic
peptide; PCR-hs-, high-sensitivity C-reactive protein; TSH, thyroid stimulating hormone;
AST, Aspartate transaminase; ALT, Alanine transaminase; OGTT, Oral Glucose Tolerance
Test; LVEF, Left ventricle ejection fraction; CAP, Controlled Attenuation Parameter.

Table 2 Logistic Regression for Predicting Liver Fibrosis (>8.2kpa)

Element B S.E. p OR 95% CI for OR

BMI 0.108 0.039 0.006 1.114 1.031 1.203

HDL −0.33 0.018 0.050 0.934 0.901 0.967

Hepatic steatosis 0.423 0.244 0.043 1.527 1.236 1.817
Female gender 0.829 0.426 0.032 2.290 1.171 3.461

Notes: The numbers in bold represent the risk for developing at least significant fibrosis for each parameter.
Abbreviations: B, beta coefficient; S.E, standard error; OR, Odd ratio; 95% CI for OR, 95% confidence interval for odd ratio; BMI, Body Mass Index;
HDL, high density lipoprotein.

Table 3 Ultrasound Liver Steatosis Accuracy versus CAP Assessment

Ultrasonographic Assessment of Steatosis CAP Measurements

≤288 dB/m >288 dB/m

Mild steatosis 42 (72.4%) 16 (27.6%)
Moderate and Severe steatosis 25 (20.8%) 95 (79.2%)

Abbreviations: CAP, Controlled Attenuation Parameter; db/m, decibel/meter.
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The second step to construct our score (Hepatic Fibrosis Score: HFS), was to determine cut-off values of our
predictive factors. The Receiver Operating Characteristic (ROC) curve was employed to illustrate the diagnostic ability
and the thresholds to discriminate between the fibrosis and non-fibrosis groups using the Youden’s index. As seen in
Table 4 a BMI value of >31.4 kg/m2 and HDL of <47 mg/dl were found to be the thresholds with most discriminate
power, with sensitivities and specificities of 73.8% and 53.4% for BMI and 52.6% and 70% for HDL, respectively.

Table 4 Hepatic Fibrosis Score (HFS)

Element Points

BMI > 31.4kg/m2 1

Female Gender 1

Hepatic steatosis

- mild 1
- moderate 1.5

- severe 2

HDL < 47mg/dL 1

Abbreviations: BMI, Body Mass Index; HDL, high density
lipoprotein.

Figure 4 ROC curve of hepatic fibrosis score.
Abbreviations: AUROC, Area Under the Receiver Operating Characteristic; CI, Confidence Interval.
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According to the power of correlation, by consensus, we attributed the following points.
The HFS is obtained by adding the points corresponding to each element. This model has an AUROC of 0.654 (95%

CI 0.560–0.749), p < 0.001 for predicting the presence of at least significant fibrosis (F ≥2) (Figure 4). At an optimal cut-
off value of <3.5, our score could be used to rule-out the risk for developing at least significant fibrosis having a negative
predictive value of 89.2%, with a sensitivity of 75% and specificity of 63.8% and a total accuracy of 66.5%.

For the validation of the score, we employed a Gradient Boosting machine learning algorithm. The validation was
performed by a repeated 10-fold cross-validation method. The correlation matrix of the observed vs predicted cases of
fibrosis showed a high performance value of 0.737 for the proposed Hepatic Fibrosis Score (HFS).

Discussion
Prevalence and severity of NAFLD is significantly greater in those with metabolic syndrome and increases when the
patient presents an association of more of the MetS criteria. Fibrosis is the most important prognostic factor in NAFLD
and is correlated with liver-related outcomes and mortality. Diagnosis of liver fibrosis severity in patients with MetS and
NAFLD should be performed as part of routine work-up. Identification of non-invasive tests that could easily be used in
clinical practice with acceptable performance are a major focus in the field of hepatology.

Many serum biomarkers have shown acceptable diagnostic accuracy with an area under the receiver operating
characteristic curve (AUROC) >0.8.12 NAFLD fibrosis score (NFS), fibrosis 4 calculator (FIB-4) and Enhanced Liver
Fibrosis (ELF) performed best at distinguishing advanced (≥ F3) vs non-advanced fibrosis, but did not return statistically
significant results with regard to ≥ F2 vs no fibrosis.24 All these tests have a good negative predictive value for excluding
advanced fibrosis (NFS: 93%, FIB-4: 90%, ELF: 94%).25,26

The HFS score that we propose includes a combination of four variables (BMI, gender, the presence of hepatic
steatosis by ultrasound, HDL), which strongly correlated in the multivariate regression analysis with the presence of at
least significant fibrosis.

This score could be used in the primary care settings to identify those patients with metabolic syndrome at risk for
developing at least significant fibrosis, in order to initiate effective measures aiming to prevent disease progression. The
hepatic fibrosis score (HFS) has a high negative predictive value (89.2%) therefore it may be used for first-line risk
stratification to exclude at least significant fibrosis. If significant fibrosis cannot be ruled out, patients should be referred
to hepatologist for further assessment.

The metabolic syndrome is associated with severe fibrosis and the number of MetS components that a patient
presented with showed a strong correlation with the severity of fibrosis.27,28 Obesity is the main determinant and
predictor of NAFLD. In our cohort, a BMI value of 31.4kg/m2 (73.8% Se vs 53.4% Sp) was used to significantly
discriminate between F <2 vs F ≥2. The association between higher BMI and severity of fibrosis was confirmed in other
studies.6,28 Moreover, in our cohort, low HDL cholesterol was an independent risk factor at least for significant fibrosis.
A study carried out in Italy29 that confirms the relationship between low HDL cholesterol and obesity among patients
with metabolic syndrome is consistent with these results.

Another independent risk factor for significant fibrosis was female gender. Female gender increased by 2.2 fold
the risk of at least developing significant fibrosis in our cohort of metabolic patients. Published data30 suggest that the
prevalence and severity of NAFLD tend to be greater in men as compared to women during the reproductive age, but
after menopause, the prevalence of NAFLD tends to be higher in women, thereby indicating a potential protective
role of estrogens. In our cohort, from the group of 91 women, 76.9% were postmenopausal. The loss of estrogen
among postmenopausal women accelerates disease progression. Similar results were obtained in a recent meta-
analysis where prevalence of advanced fibrosis was 56% higher among women (RR 1.56, 95% CI 1.36–1.80) in
a population over 50 years old.31 Prevalence of advanced fibrosis among women also differs by geographic location
being higher in studies in East Asia and Europe in comparison with North America.31 One explanation could be the
fact that the studies in East Asia and Europe included in the majority of cases older patients, or due to differences in
cultural dietary habits or different rates of PNPLA3 genetic variants that could influence NAFLD pathogenesis and
fibrosis progression.
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The prevalence of NAFLD in the general population is estimated to be 25%, while in patients with MetS, NAFLD can
be encountered in more than 50% of the cases.32 Whenever NAFLD is suspected, the presence of steatosis should be
documented. The easiest, cheapest and easily available method for steatosis assessment is ultrasonography. Even though
ultrasonography has a low reliability for detection of mild steatosis (less than 20% of hepatocytes charged with fat),33 the
sensibility and specificity of the method increase when fat content is more than 20–30%, with an area under the curve
(ROC) of 0.93 (95% CI 0.91–0.95).18

Nowadays, point of care ultrasound (POCUS) is used in many specialties in clinical practice (gastroenterologists and
hepatologists, endocrinologists, internal medicine specialists, general practitioners and others) in many countries. Under
these circumstances, the presence of liver steatosis can be diagnosed rapidly and easily. In subjects diagnosed with
steatosis, it is of clinical importance to assess the presence of fibrosis, but ultrasound systems able to perform
elastography are not so common. Another option is MRI elastography, much more expensive and rarely available.

In 2020, an international group of hepatologists proposed a change in nomenclature from NAFLD to MAFLD or
metabolic associated fatty liver disease, where presence of liver steatosis is mandatory in addition to one of the following
three criteria, overweight/obesity, presence of type 2 diabetes mellitus (T2DM), or evidence of metabolic dysregulation.9

Liver steatosis must be documented by using either imaging methods such as ultrasound, computer tomography (CT) or
magnetic resonance imaging (MRI), serum biomarkers or histology. The first-line diagnostic tool recommended for liver
steatosis assessment was ultrasound.9 In our study, a high prevalence of severe steatosis (41.9%) was observed by means
of ultrasound. Mild steatosis might not clinically relevant, but moderate and severe steatosis can lead to severe liver
damage over time, underlying the need for liver fat quantification.

From the multivariate analysis, we concluded that Mets patients with the highest risk for significant fibrosis were
obese female patients, with low HDLc and presence of steatosis as detected by US.

One limitation of the study is the fact that the cohort was selected from a tertiary cardiology care setting that probably
led to a selection of patients with a more severe disease spectrum. Another limitation is that the diagnosis of liver
steatosis was based on ultrasound imaging, but was not confirmed by liver biopsy or PDFF (MRI proton density fat
fraction). Furthermore, being a screening study, liver biopsy could not have been performed.

Nevertheless, the study observations provide significant insights which can be validated through prospective studies
across different populations making this test suitable for screening patients with metabolic syndrome. This noninvasive
method can be proposed as a screening tool for general practitioners, internal medicine specialists or endocrinologists/
diabetologists/cardiologists. Patients with advanced fibrosis should be referred to hepatologists for further evaluation.

Conclusion
In conclusion, a simple score (HFS) consisting of body mass index (BMI), gender, HDLc and severity of steatosis
evaluated by ultrasound can be used in clinical practice to rule-out at least the presence of significant fibrosis in patients
with MetS. This score could be easily used by general practitioners as a first step for the screening of liver fibrosis in
patients with NAFLD.

Disclosure
The authors report no conflicts of interest in this work.
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