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noninvasive scoring tools in predicting moderate-
to-severe steatohepatitis via ultrasonography
in asymptomatic healthy subjects admitted

to family medicine outpatient clinics

A. MERT

Family Practice Department, State Hospital, Usk(dar, Istanbul, Turkey

Abstract. — OBJECTIVE: Efficacies of the
noninvasive scoring tools in screening and diag-
nosing nonalcoholic fatty liver disease (NAFLD)
remain controversial. Aspartate aminotransfer-
ase/alanine aminotransferase (AST/ALT) ratio,
AST-to-platelet ratio index (APRI), and fibrosis-4
(FIB-4) index are the most frequently used pa-
rameters for differentiating moderate and se-
vere steatohepatitis. In this context, the objec-
tive of this study is to evaluate the diagnostic ac-
curacy of noninvasive tools in predicting moder-
ate-to-severe steatohepatitis via ultrasonogra-
phy in asymptomatic healthy subjects admitted
to family medicine outpatient clinics.

PATIENTS AND METHODS: The population
of this retrospective study consisted of healthy
individuals tested within the scope of a medi-
cal check-up program between January and Ju-
ly 2021. All participants included in the study
underwent relevant laboratory tests and liver ul-
trasonography (US). Steatohepatitis was graded
using the US images as normal (grade 0), mild
(grade 1), moderate (grade 2), and severe (grade
3). The participants with grade 0 and 1 steato-
hepatitis were categorized as Group 1, where-
as those with grade 2 and 3 steatohepatitis (NA-
FLD) were categorized as Group 2. Any relation-
ship between the aminotransferase/alanine ami-
notransferase (AST/ALT), AST-to-platelet ratio
index (APRI), and fibrosis-4 index (FIB-4) param-
eters and the diagnostic powers thereof were
analyzed based on the collected data.

RESULTS: The mean age of the study sam-
ple (n=408) was 46.1+12.7 years. There were
352 (86.3%) and 56 individuals in Groups 1
and 2, respectively. Platelet-to-lymphocyte ra-
tio (PLR) and AST/ALT values were significant-
ly higher, whereas APRI values were significant-
ly lower in Group 1 than in Group 2 (p=0.004,
p<0.001, and p<0.001, respectively). There were
significant correlations between the presence
of NAFLD and PLR values of =90.78 [area un-
der the curve (AUC)=0.619, 95% confidence in-
terval (CI): 0.570-0.666, p=0.007], AST/ALT val-
ues of =0.91 (AUC=0.802, 95% CI: 0.760-0.840,

p<0.001), and APRI values of >0.22 (AUC=0.687,
95% CI: 0.640-0.732, p<0.001).

CONCLUSIONS: The composite noninva-
sive indices, including PLR, AST/ALT, and
APRI, can be beneficial in predicting NAFLD
in healthy individuals.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is
a common public health problem worldwide'~.
Individuals with type 2 diabetes mellitus, obesity,
and metabolic syndrome are more susceptible to
NAFLD?’. The prevalence of NAFLD reported in
the literature** varies depending on ethnic diffe-
rences and clinical characteristics.

Individuals with NAFLD feature a progressi-
ve disease spectrum, ranging from fatty infiltra-
tion to nonalcoholic steatohepatitis and hepatic
fibrosis'?. Liver fibrosis might lead to cirrhosis
and its sequelae, such as hepatic failure and
hepatocellular carcinomal. The risks for the
potential complications associated with NAFLD
exponentially increase with the severity of he-
patic fibrosis?. Early identification of individuals
with NAFLD might help physicians to tailor the
necessary treatment modalities to optimize the
outcome of liver fibrosis*®7.

There are several invasive and noninvasive
tools for diagnosing NAFLD. Liver biopsy is the
gold standard for diagnosing and quantifying
NAFLD and determining the extent of liver fi-
brosis; however, it is invasive, expensive, and not
devoid of severe complications"**. Among nonin-
vasive tools, ultrasonography (US) is one of the
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most accessible and familiar methods to screen
the liver in terms of NAFLD®. There are also
scoring tools, including aspartate aminotran-
sferase/alanine aminotransferase (AST/ALT)
ratio, AST-to-platelet ratio index (APRI), and
fibrosis-4 (FIB-4) index, that utilize the demo-
graphic and laboratory characteristics of the
tested individuals. In that way, it is possible to
assess the severity of fibrosis in patients with
NAFLD!"*%° These scoring tools may predict
the progression of liver fibrosis and identify
the individuals that will benefit the most from
a liver biopsy in the context of NAFLD”!.
However, although they are easy to calculate,
a range of indeterminate/intermediate risks
associated with the predefined cut-off values
used in these scoring tools may render the
interpretation of the individual results diffi-
cult’. Therefore, it is necessary to evaluate the
diagnostic accuracies and the advantages and
disadvantages of each scoring tool.

Population-based screening programs in dia-
gnosing NAFLD in healthy individuals face
some criticism4. The studies5,6 have failed to
find a more straightforward and accessible no-
ninvasive diagnostic tool with high accuracy
to diagnose NAFLD. In the end, the screening
and diagnostic modalities used in the context of
NAFLD remain controversial.

In light of the foregoing, this study was car-
ried out to investigate the presence and severity
of steatohepatitis in asymptomatic individuals
who participated in a medical check-up program
via US and evaluate the diagnostic accuracy of

several noninvasive scoring tools and indices in
predicting moderate-to-severe steatohepatitis.

Patients and Methods

Study Design

This retrospective study was approved by the
Local Ethical Committee (Approval Date and
Number: 01.10.2021 and 46). The study was con-
ducted in accordance with the principles of the
Declaration of Helsinki. The written informed
consent could not be taken from the participants
due to the study’s retrospective design and the
data’s unanimity.

Population and Sample

The study consisted of all consecutive healthy
individuals aged 18 or older (n=440) tested wi-
thin the scope of a medical check-up program in
the Family Medicine Outpatient Clinics of Hur-
rem Sultan Hospital between January and July
2021. Individuals with incomplete demographic
or clinical data, a chronic liver disease, including
hepatitis B, hepatitis C, autoimmune hepatitis,
chronic alcohol usage during the last 12 months
(=30 gr/day for males and >20 gr/day for females),
a history of liver surgery, active malignancy, and
use of medications implicated for the elevated
transaminases were excluded from the study?. The
participants with focal fatty infiltration and fatty
sparing findings indicated by the US in the liver
were excluded from the study. In the end, the stu-
dy sample consisted of 408 individuals (Figure 1).

All consecutive healthy individuals aged 18 or older (n=440)

Exclusion

Incomplete demographic or clinical data (n=7)
Chronic liver diseases (n=3)
Chronic alcohol usage during the last 12 months (=30 gr/day for males and =20 gr/day for females) (n=5)
History of liver surgery (n=1)
Active malignancy (n=2)
Medications (n=12)
Imaging findings consistent with local fatty infiltration and fatty sparing (n=2)

Finally included cases (n=408)

Figure 1. Flowchart of the study.
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NAFLD Diagnosis

Steatohepatitis was graded between grades
0 and 3 based on the US images'. Grade 0
indicated normal steatohepatitis, i.e., normal
liver US imaging in terms of the echogenicity
of the parenchyma and visualization of the
diaphragm and intrahepatic vessels. Grade 1
indicated mild steatohepatitis, i.e., slightly in-
creased echogenicity of the liver parenchyma.
Grade 2 indicated moderate steatohepatitis, i.e.,
markedly increased echogenicity of the liver
parenchyma associated with slightly decreased
visualization of the diaphragm and intrahepatic
blood vessels. Lastly, Grade 3 indicated severe
steatohepatitis, i.e., severely increased echoge-
nicity of the liver parenchyma, absence or seve-
rely decreased visualization of the diaphragm,
intrahepatic blood vessels, and posterior part
of the right liver lobe. Accordingly, individuals
with a) moderate (grade 2) to severe (grade 3)
steatohepatitis as indicated by the US, b) no
history of excessive alcohol intake in the past
12 months, and c) no hepatitis B or hepatitis C
infection were diagnosed with NAFLD'2.

Data Collection

All participants’ anamnesis was taken. All
participants underwent physical examination
followed by laboratory tests and liver US. Pa-
tients’ demographic characteristics (age and
gender), laboratory test results, and imaging
findings were obtained from the subjects’ me-
dical files and the hospital information system.
All data were recorded in a predetermined
electronic worksheet. In addition to the la-
boratory tests, neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR),
AST/ALT, APRI, and FIB-4 index were calcu-
lated as defined previously'?.

Study Groups

The individuals were categorized into two
groups according to their steatohepatitis gra-
des. Accordingly, participants with grade 0
and 1 steatohepatitis constituted Group 1, whe-
reas those with grade 2 and 3 steatohepatitis
constituted Group 2.

The study’s primary outcome was the re-
sults of the comparative analysis of the groups
with and without NAFLD based on several
parameters, including AST/ALT ratio, APRI,
and FIB-4, and the secondary outcome was the
diagnostic values of the indices in predicting
moderate-to-severe steatohepatitis.
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Statistical Analysis

The collected data were expressed using de-
scriptive statistics. Accordingly, continuous va-
riables with normal distribution were expressed as
meanzstandard deviation values. Continuous va-
riables without normal distribution were expres-
sed as median and minimum-maximum values.
Categorical variables were expressed as numbers
(n) and percentage (%) values. The Shapiro-Wilk,
Kolmogorov-Smirnov, and Anderson-Darling te-
sts were used to analyze the normal distribution
characteristics of the numerical variables.

The independent samples t-test and the
Mann-Whitney U test were used to compare
two independent groups featuring numerical va-
riables with and without normal distribution,
respectively. Pearson’s Chi-squared and Fisher’s
exact tests were used to compare the differences
between categorical variables in 2x2 tables. On
the other hand, the Fisher-Freeman-Halton test
was used to compare the differences between
categorical variables in RxC tables.

The receiver operating characteristic (ROC)
curve analysis with the DeLong method and
the Youden index was used to determine the
optimal cut-off values of NLR, PLR, AST/ALT,
APRI, and FIB-4 parameters in predicting the
development of NAFLD (grade 2 or 3 stea-
tohepatitis). The areas under the ROC curves
(AUC) and the corresponding 95% confidence
interval (CI) values were calculated. Specifici-
ty, sensitivity, positive and negative predictive
values, and positive and negative likelihood
ratios were calculated for the parameters with
AUC value based on the optimal cut-off values
determined for each parameter.

Jamovi project 2.2.5.0 (Jamovi, version 2.2.5.0,
2022, retrieved from https:/www.jamovi.org) and
JASP 0.16.1 (Jeffreys’ Amazing Statistics Pro-
gram, version 0.16.1, 2022, retrieved from https:/
jasp-stats.org) software packages were used in
the statistical analyses. Probability (p) statistics
of <0.05 indicated statistical significance.

Results

The mean age of the study sample (n=408),
59.1% of which was female, was 46.1+12.7 years.
There were 225 (55.1%), 127 (31.1%), 50 (12.3%)),
and six (1.5%) participants with grades 0, 1, 2,
and 3 steatohepatitis, respectively. Accordingly,
352 (86.3%) participants with either grade 0 or
1 liver, and 56 (13.7%) participants with either
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grade 2 or 3 steatohepatitis, thus NAFLD, were
categorized into Groups 1 and 2, respectively.

There was a significant difference between
Group 1 and Group 2 in gender (p=0.027).
The rate of male participants was significant-
ly higher in Group 2 than in Group 1 (55.4%
vs. 38.6%). There was no significant differen-
ce between the groups in age (p=0.052) and
smoking status (p=0.369).

The results of the laboratory investigations for
these groups can be found in Table 1.

The results of the laboratory tests are given
in Table II. Accordingly, white blood cell and
lymphocyte counts, serum glucose, ALT, AST,
triglyceride, high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol
(LDL-C), C-reactive protein (CRP), and hemo-
globin Alc (HbAlc) levels were significantly
higher in Group 1 than in Group 2 (p<0.05 for
all cases) (Table II).

Based on the cut-off values of the labora-
tory parameters, we found significant diffe-
rences between the groups (p<0.05) (Table
II). Accordingly, the likelihood of having
hyperglycemia and hypertriglyceridemia was
significantly higher among the participants
in Group 2 than in Group 1 (p<0.001 and
p=0.025, respectively). Similarly, ALT, CRP,

Table I. Laboratory investigations of the study groups.

and HbAlc levels were significantly higher in
Group 2 than in Group 1 (p<0.001 for all ca-
ses). On the other hand, the rate of participan-
ts with higher HDL levels was significantly
higher in Group 1 than in Group 2 (p=0.021).
There was no significant difference between
Group 1 and Group 2 in other laboratory pa-
rameters (Table II).

There were significant differences between
the groups in PLR, AST/ALT, and APRI values
(p<0.05) (Table III).

The median value of PLR and AST/ALT were
significantly higher in Group 1 than in Group 2
(p=0.004 and p<0.001, respectively). Similarly,
there was a significant difference between the
groups in APRI calculations (p<0.001). On the
other hand, there was no significant difference
between the groups in NLR and FIB-4 values
(p>0.05) (Table III).

The ROC curve analysis revealed <1.38,
<90.78, <0.91,>0.22, and >0.69 as the optimal
cut-off values for NLR, PLR, AST/ALT, APRI,
and FIB-4 values in predicting the development
of NAFLD, respectively. Among these parame-
ters, PLR, AST/ALT, and APRI predicted mo-
derate-to-severe steatohepatitis with statistical
significance (p<0.05) (Table 1V). Accordingly,
there was a significant correlation between the

Grouping based on steatohepatitis scores

Group 1 (n=352) Group 2 (n=56) P

White blood cell count (x10%/L)* 6.8 [4.0-26.9] 7.3 [5.0-14.0] 0.029*
Neutrophil count (x10%/L)* 3.6 [1.7-24.5] 3.9[2.3-99] 0.108*
Lymphocyte count (x10°/L)* 2.3[0.9-4.7] 2.6 [1.1-4.2] 0.019*
Red cell distribution width (%)* 13.3[11.7-23.1] 13.5[12.3-18.3] 0.052%*
Platelet count (x10%/L)® 244.0 [113.0-568.0] 240.5 [153.0-417.0] 0.523*
Platecrit (%)* 0.3 [0.1-0.6] 0.2 [0.2-0.4] 0.412*
Mean platelet volume (fL)* 10.3 [8.4-13.2] 10.4 [9.1-12.2] 0.901*
Glucose (mg/dL)* 99.0 [67.0-372.0] 110.0 [83.0-309.0] <0.001*
ALT (IU/L)* 16.0 [5.0-115.0] 33.5[10.0-89.0] <0.001*
AST (IU/L) 18.0 [10.0-147.0] 23.0 [11.0-54.0] <0.001*
Triglyceride (mg/dL)* 109.0 [30.0-1285.0] 165.5 [59.0-401.0] <0.001*
Cholesterol (mg/dL)" 220.5+47.0 221.7+40.4 0.840%*
High density lipoprotein (mg/dL) 54.2+13.4 45.9+10.2 <0.001**
Low density lipoprotein (mg/dL)" 150.5+£37.5 155.7431.8 0.274%*
Very low-density lipoprotein (mg/dL)* 22.1[6.0-117.8] 30.9 [11.8-80.2] <0.001*
C-reactive protein (mg/dL)* 2.0 [0.1-64.4] 3.8[0.8-27.6] <0.001*
Rheumatoid factor (IU/mL)* 5.2 [0.4-127.1] 4.7 [0.1-20.6] 0.187*
Thyroid stimulating factor (uIU/mL)* 1.9 [0.0-49.0] 1.8 [0.0-27.7] 0.892%*
HbAlc (%) 5.7 [4.7-11.7] 6.1 [5.1-11.4] <0.001*

: meantstandard deviation, ¥: median [min-max]. ALT: alanine aminotransferase, AST: aspartate aminotransferase, HbAlc:
glycated hemoglobin. Group 1: participants with US hepatic steatosis scores of 0 and 1, Group 2: participants with US hepatic
steatosis scores of 2 and 3. *: Mann-Whitney U test. **: Independent Samples #-test.
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Table Il. Comparison of the patients according to the abnormal laboratory parameters.

Grouping based on steatohepatitis scores
Group 1 (n=352) Group 2 (n=50) p*
White blood cell count* Low 2 (0.6) 0 (0.0)
Normal 340 (96.6) 53 (94.6) 0.553
High 10 (2.8) 354
Neutrophil count* Low 8(2.3) 0 (0.0)
Normal 340 (96.6) 54 (96.4) 0.178
High 4 (1.1) 2 (3.6)
Lymphocytosis?* 2 (0.6) 1(1.8) 0.359
Platelet count? Low 5(1.4) 0 (0.0
Normal 344 (97.7) 56 (100.0) 0.999
High 3(0.9) 0 (0.0
Mean platelet volume* Normal 278 (79.0) 47 (83.9) 0.499
High 74 (21.0) 9 (16.1)
Glycemia status Hypoglycemia* 3(0.9) 0(0.0)
Normoglycemia¥ 247 (70.2) 23 (41.1) <0.001
Hyperglycemiat 102 (29.0) 33 (58.9)
High ALT? 9(2.6) 11 (19.6) <0.001
High AST* 1(0.3) 2 (3.6) 0.051
Hypertriglyceridemia? 54 (15.3) 16 (28.6) 0.025
Hypercholesterolemia* 229 (65.1) 39 (69.6) 0.603
High density lipoprotein? High 299 (84.9) 40 (71.4) 0.021
C-reactive protein* High 56 (15.9) 21 (37.5) <0.001
Rheumatoid factor? High 17 (4.8) 2 (3.6) 0.999
Thyroid stimulating factor! ~ Low 3(0.9) 2 (3.6)
Normal 337 (95.7) 51 (91.1) 0.100
High 12 (3.4) 3(.4)
HbAIc High 35(9.9) 19 (33.9) <0.001

#:n (%). Group 1: participants with US hepatic steatosis scores of 0 and 1, Group 2: participants with US hepatic steatosis scores
of 2 and 3. ALT: alanine aminotransferase, AST: aspartate aminotransferase, HbAlc: glycated hemoglobin. *: Pearson Chi-

Square, Fisher’s Exact/Fisher Freeman Halton test.

presence of NAFLD and PLR values of <90.78
(AUC=0.619, 95% CI: 0.570-0.666, p=0.007),
AST/ALT values of <0.91 (AUC=0.802, 95%
CI: 0.760-0.840, p<0.001), and APRI values
of >0.22 (AUC=0.687, 95% CI: 0.640-0.732,
p<0.001). Additionally, the AUC value of AST/
ALT was relatively higher than those of PLR
and APRI (Table 1V).

The grouping according to the cut-off values of
PLR, AST/ALT, and APRI revealed that PLR had
the highest diagnostic accuracy in detecting mode-
rate-to-severe steatohepatitis (Table V). The AST/
ALT values of <0.91 predicted moderate-to-severe
steatohepatitis with a sensitivity of 82.1% and a
specificity of 65.9%. The overall diagnostic accu-
racy of the AST/ALT parameter was 68.1%.

Table Ill. Comparison of the scores of the indices between the groups.

Grouping based on steatohepatitis scores

Group 1 (n=352) Group 2 (n=56) p*
NLR® 1.6 [0.6-21.0] 1.5[0.9-3.7] 0.616
PLR® 107.3 [40.8-389.0] 90.1 [46.8-238.6] 0.004
AST/ALT?® 1.1 [0.4-2.5] 0.7 [0.4-1.5] <0.001
APRT 0.18 [0.0-1.3] 0.24 [0.1-0.9] <0.001
FIB-4} 0.8 [0.2-3.1] 0.8 [0.3-2.6] 0.415

§: median [min-max]. Group 1: participants with US hepatic steatosis scores of 0 and 1, Group 2: participants with US hepatic
steatosis scores of 2 and 3. NLR: neutrophil/lymphocyte, PLR: platelet/lymphocyte, AST/AST: aspartate aminotransferase/
alanine aminotransferase, APRI: AST to platelet ratio index, FIB-4: fibrosis-4. *: Mann-Whitney U test.
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Table IV. The Receiver Operating Characteristics (ROC) curve analysis of the indices predicting scores 2 or 3 steatohepatitis.

AUC Sensitivity Specificity Cut-off 95% CI P
NLR 0.521 48.21 63.35 <1.38 0.471-0.570 0.616
PLR 0.619 53.57 74.43 <90.78 0.570-0.666 0.007
AST/ALT 0.802 82.14 65.91 <0.91 0.760-0.840 <0.001
APRI 0.687 58.93 71.87 >0.22 0.640-0.732 <0.001
FIB-4 index 0.534 67.86 40.63 >0.69 0.484-0.583 0.411

AUC: Area under the Curve, NLR: neutrophil/lymphocyte, PLR: platelet/lymphocyte, AST/AST: aspartate aminotransferase/

alanine aminotransferase, APRI: AST to platelet ratio index, FIB-4: fibrosis-4.

Discussion

Our findings showed that the composite no-
ninvasive indices, including PLR, AST/ALT,
and APRI as the noninvasive scoring tools, can
predict NAFLD (moderate-to-severe steatohepa-
titis) in healthy subjects.

The efficacies of several noninvasive scoring
tools in predicting hepatic steatohepatitis in dif-
ferent patient groups have been investigated in
the literature'®. However, there is still contro-
versy on whether these assessment tools reflect
the changes in the fibrogenesis process and can
differentiate different stages or types of hepatic
steatohepatitis'>'*. Only a few studies*" evalua-
ted the efficacies of noninvasive scoring tools
in predicting hepatic steatohepatitis addressed
asymptomatic individuals. Anand et al* investi-
gated the efficacies of FIB-4, NAFLD fibrosis
score (NFS), and APRI in the family members
of NAFLD-diagnosed patients based only on US
data. They found that the FIB-4, NFS, and APRI
scores were significantly lower in healthy family
members with normal liver imaging than in the
family members with fatty liver. However, they

did not assess the steatohepatitis grades in their
study. In a study" conducted with an asympto-
matic Hispanic community in Texas diagnosed
with NAFLD based only on US data, the indi-
viduals with steatohepatitis had significantly
higher NFS and APRI scores than those without
steatohepatitis. On the other hand, their FIB-4
scores were comparable.

In comparison, in this study, the APRI sco-
res of participants with moderate-to-severe ste-
atohepatitis were significantly lower than those
with normal liver imaging or mild steatohepa-
titis, whereas their FIB-4 scores were compa-
rable. Foschi et al'® found moderate correlations
between the grade of liver stiffness and several
biomarkers, including AST/ALT, APRI, FIB-4,
and gamma-glutamyl transferase (GGT), in the
context of individuals with and without elevated
liver enzymes. However, they could not determi-
ne the diagnostic abilities of these biomarkers.
As a reason, demographic and clinical data are
insufficient to suspect advanced hepatic fibrosis
in an asymptomatic individual. In comparison,
predefined cut-off values of the scoring tools for
the presence or absence of moderate-to-severe

Table V. The diagnostic performance of the calculated indices in predicting scores of 2 or 3 steatohepatitis.

US hepatic steatosis grades
Sensitivity Specificity Accuracy PPV NPV

ScoreOor 1 Score 2 or 3 [95% CI] [95% CI]
PLR
>90.78 262 (74.4) 26 (46.4) 53.6% 74.4% 71.6% 25.0% 91.0%
<90.78 90 (25.6) 30 (53.6)
AST/ALT
>0.91 232 (65.9) 10 (17.9) 82.1% 65.9% 68.1% 277%  95.9%
<0.91 120 (34.1) 46 (82.1)
APRI
<0.22 253 (71.9) 23 (41.1) 58.9% 71.9% 70.1% 25.0% 91.7%
>0.22 99 (28.1) 33 (58.9)

US: ultrasound, CI: confidence interval, PPV: positive predictive value, NPV: negative predictive value, PLR: platelet/
lymphocyte, AST/AST: aspartate aminotransferase/alanine aminotransferase, APRI: AST to platelet ratio index.
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hepatic fibrosis were not addressed in this study'.
The discrepancies between the studies on the
efficacies of the biomarkers used to predict the
presence or severity of NAFLD may be attributed
to the methods used to analyze these biomarkers.

It is generally accepted that FIB-4, NFS, and
APRI have higher efficacies in detecting hepatic
fibrosis than other noninvasive biomarkers®'”".
Rigor et al’ reported that all FIB-4, NFS, and
APRI helped rule out advanced hepatic fibrosis
associated with NAFLD in a Portuguese cohort.
Similar outcomes have been reported by others.
Nevertheless, the outcomes of the studies on the
diagnostic accuracies of these biomarkers remain
controversial due to the methodological hetero-
geneities between the studies and the differences
between the characteristics of the samples inve-
stigated in these studies.

In a study conducted with NAFLD patients,
whose diagnoses were confirmed by biopsy,
Petta et al* found a significant correlation
between liver stiffness measurements via tran-
sient elastography and FIB-4 and NFS scores.
Based on these findings, they recommended
the combined use of several noninvasive asses-
sment tools in diagnosing severe liver fibrosis
in NAFLD patients. Nevertheless, the diagno-
stic accuracies of both markers were roughly
70%, with a diagnostic margin of error of 10%.
Another study'® recommended the sequential
use of noninvasive assessment tools for pre-
dicting advanced fibrosis in NAFLD patients,
thereby avoiding liver biopsy. In comparison, in
this study, the noninvasive assessment tools we-
re applied to the study group only once. Further
prospective studies with multi-facet analyses
might be beneficial in finding the most appro-
priate approach to predict hepatic fibrosis.

The FIB-4 or APRI scores were deemed opti-
mal for determining the presence or severity of
advanced fibrosis in NAFLD patients'™'. Some
studies? reported that the diagnostic accuracies
of the noninvasive assessment tools were reduced
in populations with no cases of advanced hepatic
fibrosis. Similarly, no significant relationship was
found between the FIB-4 scores and modera-
te-to-severe steatohepatitis in the healthy parti-
cipants. A NAFLD cohort study** conducted in
Malaysia found the FIB-4 parameter superior to
AST/ALT, APRI, and NFS parameters in predi-
cting advanced hepatic fibrosis. The differences
between the efficacies of the noninvasive asses-
sment tools in predicting severe steatohepatitis
may be attributed to the differences between the

6536

reference method used to determine the diagno-
stic accuracies of these tools. In addition, while
some studies?>810:1417.2022 included biopsy-proven
NAFLD patients, others'#*"!® included clinically
diagnosed NAFLD patients.

AST/ALT ratio is another parameter used to de-
tect steatohepatitis in different patient groups'’".
Siddiqui et al” and Durazzo et al” reported
that AST/ALT was inferior to FIB-4, APRI, or
NFS regardless of the fibrosis stage in NAFLD
patients. In contrast, others'™ reported different
diagnostic accuracies of AST/ALT in predicting
advanced fibrosis in NAFLD patients. In compa-
rison, in this study, a significant correlation was
found between the AST/ALT ratio and mode-
rate-to-severe steatohepatitis development. AST/
ALT values of <0.91 predicted moderate-to-seve-
re steatohepatitis with an accuracy rate of 68.1%,
lower than those obtained with FIB-4 and APRI
parameters. These results indicate that it is not
easy to compare the diagnostic accuracy rates of
AST/ALT, FIB-4, and APRI based merely on the
findings of retrospective studies.

Some® argued that liver US alone might be
inefficient in assessing liver diseases. In con-
trast, others suggested*** that brighter liver echo
texture compared to the renal cortex and in-
tra-hepatic vascular blurring indicated NAFLD
in the US and reported up to 52.3% success rate
in diagnosing asymptomatic participants with
grades 1 to 3 steatohepatitis. In comparison,
participants with grade 2 or 3 steatohepatitis
were considered to have NAFLD in this study.
Hence, more standardized criteria are needed to
obtain clinically significant results.

The components of metabolic syndrome, par-
ticularly dyslipidemia, and obesity, have been
the most frequently investigated risk factors for
steatohepatitis'*2**?*. Metabolic (dysfunction)-as-
sociated fatty liver disease (MAFLD) has be-
en proposed as a new NAFLD subcategory®*'.
Hyperlipidemia, type 2 diabetes mellitus, and
hypertension are the most frequent comorbidities
reported in NAFLD patients. In comparison,
there was a significant difference between par-
ticipants with and without NAFLD in the rate
of dyslipidemia. Accordingly, it was found that
participants with moderate-to-severe steatohepa-
titis were more likely to have laboratory results
supporting dyslipidemia. However, given that the
sample of this study consisted only of partici-
pants attending a medical check-up program, the
participants were not categorized according to
whether they had dyslipidemia.
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The relationship between PLR and NAFLD has
been investigated in several studies®*%. However, the
results of these studies on the prognostic value of PLR
in predicting the presence of NAFLD are controver-
sial. The findings of this study revealed a significant
correlation between PLR and moderate-to-severe ste-
atohepatitis in healthy subjects. Further studies are
needed to shed more light on this matter.

Limitations

The study’s primary limitation was its retro-
spective single-center design, which might prevent
the generalizability of its results to other clinical
settings. US has major advantages such as no-
ninvasiveness, easy application, and availability
in many facilities. However, using US as the sole
reference method for comparing the noninvasive
steatohepatitis scoring tools may be another study
limitation due to operator dependency and in-
ter-observer variability. Therefore, supplementing
the US-based findings with computed tomography
and liver biopsy would increase their reliability in
cases where the invasiveness of these methods is
not a concern. Thirdly, the NFS scores of some
subjects could not be calculated due to missing
serum albumin measurements, which may be dee-
med another limitation of the study.

Conclusions

In conclusion, the study findings indicated that
PLR, AST/ALT, and APRI parameters help discri-
minate moderate-to-severe steatohepatitis from nor-
mal and mild cases in healthy individuals. Further
large-scale studies to be conducted in different set-
tings are needed to corroborate this study’s findings.
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