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ABSTRACT

Background:

Metabolic dysfunction-associated steatotic liver disease (MASLD) is a common condition that can lead to serious liver
complications. Transient elastography is a reliable, non-invasive, but expensive method for diagnosing fibrosis. This study
compared the performance of non-alcoholic fatty liver disease (NAFLD) fibrosis score and fibrosis-4 (FIB-4) index as cheaper
methods, with transient elastography in Mashhad, Iran.

Materials and Methods:

The study included 67 patients with MASLD. Demographic, laboratory, and elastography data were collected. Data were analyzed
using SPSS software version 27 with two approaches: first, applying cutoffs from previous studies (NAFLD score > -1.455,
elastography > 8.7 kPa, FIB-4 > 1.30); second, calculating ROC curves to find optimal cutoffs for each index. P values < 0.05
were significant.

Results:

Based on previous cutoffs, the FIB-4 at 1.3 showed sensitivity 45%, specificity 97.8%, positive predictive value (PPV) 90%, and
negative predictive value (NPV) 80%. The NAFLD score at -1.455 had a sensitivity of 55%, a specificity of 93.6%, a PPV of
78.5%, and an NPV of 83%. In this study, ROC analysis gave FIB-4 cutoff 1.335 with sensitivity 45%, specificity 100%, PPV
100%, and NPV 81%. The NAFLD score cutoff -1.93 showed sensitivity 75%, specificity 91.5%, PPV 79%, and NPV 89.5%.

Conclusion:

Based on the results, the NAFLD fibrosis score demonstrated better performance in ruling out the disease, while FIB-4 showed
superior accuracy in diagnosing fibrosis. However, the combined use of multiple indices may reduce unnecessary referrals and
improve the clinical management of patients.
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INTRODUCTION

Alcoholic fatty liver disease and metabolically associated
liver diseases represent the two most common forms
of liver disorders, both characterized by cytoplasmic
accumulation of triglycerides in hepatic lobules. These
conditions may progress to cirrhosis, hepatic failure,
hepatocellular carcinoma, and even death (1). In 2023, a
joint consensus by the American Association for the Study
of Liver Diseases (AASLD) and the European Association
for the Study of the Liver (EASL) updated the terminology
of non-alcoholic fatty liver disease (NAFLD), renaming
it as metabolic dysfunction—associated steatotic liver
disease (MASLD) (2). Since approximately 99% of cases
previously classified as NAFLD overlap with MASLD,
the term MASLD is also used in this study (3). Globally,
MASLD affects nearly 30% of the population, a prevalence
that is increasing in parallel with rising obesity rates (4).

It is currently the leading cause of chronic liver disease,
impacting over 38% of adults worldwide and 7-14% of
children (4, 5). By 2040, the global prevalence is projected
to reach 55.4% (6).

In the Middle East and North Africa (MENA) region,

MASLD has been shown to be highly prevalent. In 2020,
the estimated prevalence in the general population was
39.43%, while among patients with type 2 diabetes it
reached 68.71%. Egypt, Turkey, and Iran are predicted
to bear the highest national burdens in this region (7). A
major complication of MASLD is cirrhosis, accompanied
by a markedly increased risk of cardiovascular events,
which together represent the leading causes of mortality in
affected patients (8-10).
Therefore, accurate staging of liver fibrosis and early
detection are crucial (11). Early identification allows high-
risk individuals to benefit from lifestyle modification and
timely referral for secondary care, while patients with
cirrhosis can undergo early screening for esophageal
varices and hepatocellular carcinoma (12).

Although liver biopsy remains the gold standard
for  diagnosing metabolic  dysfunction—associated
steatohepatitis (MASH), its invasiveness and associated
risks, including mortality, limit its routine use for long-term
monitoring of fibrosis progression (13, 14). In response,
there is growing interest in reliable, cost-effective, and non-
invasive biomarkers to replace biopsy for fibrosis staging
in MASLD (12).

Transient elastography has emerged as a widely adopted
non-invasive alternative that provides greater accuracy
than biopsy in certain clinical settings (15). Additionally,
several scoring systems have been developed, including the
NAFLD fibrosis score, fibrosis-4 (FIB-4) index, aspartate
aminotransferase (AST) to platelet ratio index (APRI),

and various biomarker panels such as the enhanced
liver fibrosis (ELF) panel, FibroMeter, FibroTest, and
HepaScore (16). The NAFLD fibrosis score incorporates
six parameters: age, body mass index (BMI), platelet count,
hyperglycemia, serum albumin, and AST/ALT (alanine
aminotransferase) ratio (17). The FIB-4 index is calculated
from platelet count, ALT, AST, and age (16). Comparative
studies have demonstrated that FIB-4 and transient
elastography outperform other indices in predicting fibrosis
when validated against biopsy (18). Despite extensive
international research (11, 12, 14, 19-23), there is limited
evidence from Iran. Accordingly, the present study aimed
to evaluate the diagnostic performance of the NAFLD
fibrosis score and FIB-4 index in comparison with transient
elastography among Iranian patients with MASLD.

MATERIALS AND METHODS

Between 2022 and 2024, a cross-sectional study was
conducted among patients with MASLD attending internal
medicine clinics at hospitals affiliated with the Islamic
Azad University of Mashhad. Diagnosis was established
by a gastroenterologist using a combination of clinical
assessment, patient history, laboratory parameters,
and ultrasound findings, in line with EASL and EASD
recommendations. Only patients who met the inclusion
criteria and provided written informed consent were
considered eligible. Baseline characteristics, including age,
sex, BMI, smoking and alcohol habits, diabetic status, and
lipid profile, were documented for each participant. All
individuals underwent transient elastography (FibroScan),
through which both the stage of liver fibrosis and the
controlled attenuation parameter (CAP), an indicator of
hepatic fat accumulation, were obtained.

For confidentiality, each participant was assigned a
specific code, and data were securely managed in an Excel
database. The target sample size was guided by the work
of Ben Cox and others (19), which reported that with a
FibroScan cutoff of >8.7 kPa, the FIB-4 score demonstrated
a sensitivity of 53.1% (95% CI; d = p/4). Based on this
calculation, the minimum required sample size was 55
patients. Nevertheless, in this study, all eligible individuals
presenting during the 2-year enrollment period were
included, resulting in a larger sample than the estimated
minimum.

N=z1-a/22 p(1-p) /d2=1.96 2 0.513 (1-0.513)/0.1282=55

Study inclusion criteria: Age over 18 years and a definitive
diagnosis of MASLD by a gastroenterologist

Study exclusion criteria: Incomplete information, other
chronic liver diseases (hepatitis B and C, autoimmune
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diseases, cirrhosis, use of hepatotoxic drugs (such
as methotrexate), congestive heart failure, alcohol
consumption, use of hormonal or herbal drugs, BMI > 35
kg/m?, limitations in performing FibroScan

Elastography results for non-alcoholic fatty liver were
classified and recorded as follows:

* FO: 1-6 kPa_F1: 6.1-7 kPa_ F2: 7.1-9 kPa_ F3: 9.1-17
kPa F4:>17kPa

The parameter score (CAP), which indicates the extent of
fatty liver change, was also determined and recorded on
elastography for each patient. The following measurements
were performed on random blood samples from all patients
within 1 month of the FibroScan evaluation (24).

The results of the tests were evaluated as follows:

1) Dyslipidemia was defined as total cholesterol >200
mg/dL, or triglycerides >150 mg/dL, or low-density
lipoprotein-cholesterol (LDL-C) >130 mg/dL, or high-
density lipoprotein-cholesterol (HDL-C) <40 mg/dL (for
men) and <50 mg/dL (for women) (25-27).

2) Serum ALT with a value of about 45 U/L as the upper
limit of normal in men and about 30 in women, serum AST
with a value of 15-37 U/L as the normal range, platelet
count with 150,000-400,000/uL as the normal range

3) If the patient did not know his diabetes and sugar status:
If any of the following were positive and he had symptoms
of polyuria and polydipsia, diabetes was considered:

* Random blood sugar: greater than or equal to 200 mg/dL
* Fasting blood sugar: greater than or equal to 126 mg/dL
* Glucose tolerance test(GTT: sugar two hours after
consuming 75 grams of glucose): greater than or equal to
200 mg/dL

* HbA1C: greater than or equal to 5.6%

How to calculate the two indices FIB-4 and NAFLD
fibrosis score

1) NAFLD fibrosis score: —1.675 + 0.037 x age (years) +
0.094 x BMI (kg/m2) + 1.13 x impaired fasting glycaemia
or diabetes (yes = 1,n0=0) +0.99 x AST/ALT ratio —0.013
x platelet (x 109/L) — 0.66 x albumin (g/dL)

2) FIB-4 score = (age x AST) / (Platelet count x (square
root of ALT))

After performing the tests, two NAFLD and fib-4 scores
were calculated using the formulas, and their results were
compared with elastography using statistical methods (24).

Data analysis method

In this study, SPSS software version 26 was used to analyze
the data. We used mean, standard deviation, frequency, and
percentage to describe the results. In order to achieve better
results, we used two methods for data analysis:

1) Calculation of sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV), using
the cutoff point of previous studies as -1.455 for the
NAFLD score, >8.7 for FibroScan, and >1.3 for the FIB-4
index (19).

2) Drawing receiver operating characteristic (ROC) curves
to determine the diagnostic value of FIB-4 and NAFLD
score, and calculating the area under the ROC curve
(AUROC) for each non-invasive index to differentiate F1
and F2 liver fibrosis from F3 and F4 with a cutoff of 8.7, and
determining the optimal cutoff of both indices using ROC
curves. And calculating the Youden index, then sensitivity,
specificity, PPV, and NPV were also calculated for these
cutoffs, and P <0.05 values were considered statistically
significant (24).

To identify factors associated with the discrepancy between
non-invasive indices and FibroScan, multivariate logistic
regression was used. In this analysis, variables such as
age, sex, BMI, diabetes, hyperlipidemia, smoking, and
alcohol consumption, biochemical indices ALT, AST,
albumin, HbAlc, and FBS were entered into the model.
A significance level of less than 0.05 was considered
statistically significant. In addition, odds ratio (OR) values
were reported with 95% confidence intervals to interpret the
strength of the association. The number 1 was considered
for agreement and O for disagreement.

RESULTS

Patient demographic information

This cross-sectional investigation aimed to evaluate the
correlation between the NAFLD fibrosis score and FIB-4
index with transient elastography findings for liver fibrosis
assessment. A total of 83 patients were initially considered,
and after applying the exclusion criteria, 67 individuals with
NAFLD were enrolled. Among them, 38 patients (56.7%)
were women, and 29 (43.3%) were men. The participants
had a mean age of 44.08 years (SD = 11.26) and a mean
BMI 0f 29.57 kg/m? (SD = 4.08).

Current smokers accounted for 7.5% of the cohort, while
32.8% had a history of smoking. Occasional alcohol
consumption in the past, not sufficient to classify as
alcoholic fatty liver, was reported by 16.4% of patients.
Additionally, 14.9% had diabetes, and 26.9% were
diagnosed with hyperlipidemia (Table 1).
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Table 1. Distribution of demographic findings in the study population

Section Variable Category | Minimum | Maximum | Mean SD Frequency | Percent

Quantitative demographic data Age (years) - 24 67 44.08 11.26 - -
Height (cm) - 147 192 168.89 | 10.83 - -
Weight (kg) - 50 127 84.50 | 14.55 - -
BMI (kg/m?) - 21.36 44.43 29.57 4.08 - -

Qualitative demographic data Smoking Never - - - - 40 59.7

Past - - - - 22 32.8

Current - - - - 5 7.5

Total - - - - 67 100

Alcohol Never - - - - 56 83.6

Past - - - - 11 16.4

Total - - - - 67 100

Diabetes No - - - - 57 85.1

Yes - - - - 10 14.9

Total - - - - 67 100

Hyperlipidemia No - - - - 49 73.1

Yes - - - - 18 26.9

Total - - - - 67 100

BMI: body mass index

Results of laboratory tests and indices of elastography are 1,110 3 Distribution

) - of liver indices in the study
summarized in table 2 and table-3.

population
. . . Standard
Table 2. Distribution of laboratory findings in the study Variable Minimum | Maximum | Mean | = .
population CAP score 100 400 32628 51.49
Standard
Variable Minimum | Maximum & Mean D al? :r kPa 1.0 228 7.33 2.86
eviation NAFLD
ALT (U/L) 12 154 3731 | 24.79 fibrosis score 4.7 —0.43 —2.56 1.01
AST (U/L) 11 141 32.89 19.96 FIB-4 0.27 1.94 0.85 0.38
ALP (UL) 40 432 175.62 69.46 CAP: controlled attenuation parameter, NAFLD: non-alcoholic fatty
Total Bilirubin (mg/ 04 23 0.83 033 liver disease, FIB-4: fibrosis-4
dL)
Direct Bilirubin (mg/ o1 - 024 0.19 Calculation results based on the cutoff point of previous
dL) ' ’ ' ’ studies
Albumin (g/dL) 32 5.1 4.1 0.46 The results of calculating the sensitivity, specificity, PPV,
Platelet (x10°/L) 166 431 85 59 and NPV of the FIB4 index based on the cutoff point of
. 1/3 in previous studies based on the gold standard are 45%,
Fasting blood sugar .
(me/dL) 79 174 103.3 19.12 97.5%, 81.8%, and 80%, respectively (Table 4). In other
HbA L (%) s o 65 0.86 words, given the h'1gh false-pegat.lve and lfm{ false-positive
rates, the FIB-4 index, with high predictive value and
LDL (mg/dL) 42 202 1025 | 3054 specificity, performs well for confirming fibrosis. However,
Total cholesterol 8 29 | 19182 5929 because it hgs low sgnsitivity{ some affected patients may
(mg/dL) have a negative test in the initial screening.

ALT: alanine aminotransferase, AST: aspartate aminotransferase, ALP:
alkaline phosphatase, LDL: low-density lipoprotein
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Table 4. Calculation of sensitivity, specificity, PPV, and
NPV of the FIB4 index based on the cutoff point in
previous studies based on the gold standard

Gold standard Gold standard
o . Total
positive negative
FIB-4 positive 9 2 11
FIB-4 negative 11 45 56
Total 20 47 67

PPV: positive predictive value, NPV: negative predictive value, FIB-4:
fibrosis-4

The calculation of sensitivity, specificity, PPV, and NPV
of the NAFLD index based on the cutoff point -1.455 in
previous studies based on the gold standard was as follows:
55% Sen, 93.6% Spe, 78.5% PPV, 83% NPV (Table 5). In
other words, the NAFLD index at the cutoff point of -1.455
had a higher sensitivity and NPV than FIB-4 at the cutoff
point of 1.3. At this cutoff point, the NAFLD index performs
better at ruling out the disease, but its low sensitivity means
that a number of patients may still be falsely reported as
negative.
Table 5. Sensitivity, specificity, PPV, and NPV of NAFLD

index based on the cutoff point in previous studies based
on the gold standard

The areas under the ROC curves for the two FIB-4 and
NAFLD indices were calculated. For the FIB-4 index, the
area under the ROC curve was 0.806, the standard error
was 0.068, the lower bound was 0.673, the upper bound
was 0.940, the probability value was >0.0001, and for the
NAFLD index, the area under the ROC curve was 0.711,
the standard error was 0.079, the lower bound was 0.557,
the upper bound was 0.865, the probability value was 0.007.
The area under the curve of both indices is above 50% and
is statistically significant (Table 6). The area under the
ROC curve for the FIB-4 index is higher; in other words,
the FIB-4 index performs better at diagnosing fibrosis.

Table 6. Area under the ROC curve of the two indices
FIB-4 and NAFLD

Standard | Lower Upper
Index Level P value
error bound bound
FIB-4 0.806 0.068 0.673 0.940 <0.001
NAFLD 0.711 0.079 0.557 0.865 0.007

NAFLD: non-alcoholic fatty liver disease, FIB-4: fibrosis-4

The result of calculating the sensitivity, specificity, PPV
and NPV of the FIB-4 index based on the Youden index =
0.45 and at the cutoff point of 1.335 points in the present
study based on the gold standard as 45% Sen, 100% Spe,
100% PPV, 81% NPV (Table 7). In other words, at this
cutoff point, FIB-4 performs well at confirming the disease.

Table 7. Calculation of the sensitivity, specificity, PPV,
and NPV of the FIB-4 index based on the cutoff point in

Gold standard | Gold standard
. . Total
positive negative
NAFLD positive 11 3 14
NAFLD negative 9 44 53
Total 20 47 67

PPV: positive predictive value, NPV: negative predictive value, NAFLD:

non-alcoholic fatty liver disease

Calculation results based on the receiver operating
characteristic curve (Rock test). In another method for
examining the two FIB-4 and NAFLD indices, the ROC
curve was used to determine the area under the curve and
the cut points. The ROC curves for the two FIB-4 and
NAFLD indices were plotted (Figure 1).

ROC Curve Source of the

1.0 o Curve
NAFLD

‘E‘ 0.8 ~""Referece Line
1*5 0.6
IS
@ 04

0.2,

0.0L “

00 02 0.4 0.6 0.8 1.0

1- Specificity

Figure 1. ROC chart of the two FIB-4 and NAFLD indices

the present study, based on the gold standard

Gold standard | Gold standard
.. . Total
positive negative
FIB-4 positive 9 0 9
FIB-4 negative 11 47 58
Total 20 47 67

PPV: positive predictive value, NPV: negative predictive value, FIB-4:
fibrosis-4

Sensitivity, specificity, PPV, and NPV of the NAFLD
index, based on the Youden index (0.665) and the cutoff
point of -1.93, were calculated in the present study as 75%
Sen, 91.5% Spe, 79% PPV, and 89.5% NPV (Table 8).

Table 8. Calculation of sensitivity, specificity, PPV, and
NPV of NAFLD index based on the cutoff point in the
present study, based on the gold standard

Gold standard Gold standard
. . Total
positive negative
NAFLD positive 15 4 19
NAFLD negative 5 43 48
Total 20 47 67

PPV: positive predictive value, NPV: negative predictive value, NAFLD:

non-alcoholic fatty liver disease
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Evaluation of cases with discrepant FIB-4 and NAFLD
fibrosis score results using transient elastography .
Another investigation that was conducted in this study, in
addition to the main objectives, was to calculate the cases
of inconsistency between the results of the two NAFLD
scores and FIB-4 with the results of transient elastography.
The effect of different variables on this concordance and
inconsistency was reported in Tables 9-12.

According to Tables 4 and 10, in the investigation of
cases of inconsistency between NAFLD score results
and elastography at both cutoff points, the percentage of
inconsistency at the cutoff point of -1.455 was slightly
higher than that at the cutoff point of -1.93 (16.4% versus
13.4%), and at both cutoff points more than 80% of the
samples were in agreement.

Table 9. Disagreement between NAFLD score (-1.93)
and elastography (8.7)

Frequency (%) Frequency Status
13.4% 9 Non-concordant
86.6% 58 Concordant

NAFLD: non-alcoholic fatty liver disease

Table 10. Disagreement between NAFLD Score (-1.455)
and elastography (8.7%)

Frequency (%) Frequency Status
16.4% 11 Non-concordant
83.6% 56 Concordant

NAFLD: non-alcoholic fatty liver disease

According to Tables 10 and 11, in examining the cases of
inconsistency of FIB-4 results with elastography, at both
cut points, the percentage of inconsistency at the cut point
was 1.3, 19.4% and relative to the cut point was slightly
higher at 1.335, 16.4%. The percentage of agreement in
both cases was above 80%. This shows that a small change
in the cut point can affect the prediction accuracy.

Table 11. Mismatch of FIB-4 index (1.335) and
elastography (8.7)

Frequency Frequency (%) Status
11 16.4% Non-concordant
56 83.6% Concordant

FIB-4: fibrosis-4
Table 12. Mismatch of FIB-4 index (1.3) and elastography (8.7)

Frequency (%) Frequency Status
19.4% 13 Non-concordant
80.5% 54 Concordant

FIB-4: fibrosis-4

Overall, both the NAFLD score and FIB-4 index had
greater than 80% agreement with elastography, and a small
change in the cutoff number caused a slight change in the
discrepancy. These findings suggest that both tools can be
useful as predictors of liver fibrosis. However, the precise
choice of the cutoff point for each index is important.

Table 13. Results of logistic regression model of the effect of variables on mismatch for NAFLD score at cutoff point

-1.93 and elastography (8.7)

Variable B Standard Error (S.E.) Wald df Sig. Odds Ratio (OR = Exp(B)) | 95% CI for OR
Age 0.095 0.090 1.119 1 0.290 1.10 0.92-1.31
Sex (Ref = Female) 3.353 2.585 1.683 1 0.195 28.58 0.18 —4530.25
Smoking -2.712 1.448 3.508 1 0.061 0.066 0.004—1.134
Alcohol -1.750 2.368 0.546 1 0.460 0.174 0.000 —253.018
BMI 0.120 0.110 1.190 1 0.275 1.13 0.91-1.40
Diabetes —-10.974 4.927 4.961 1 0.026 0.000 0.000 —0.268
Hyperlipidemia -2.351 1.893 1.543 1 0.214 0.095 0.002 —3.89
ALT (IU/L) -0.182 0.145 1.572 1 0.210 0.833 0.627—1.108
AST (IU/L) 0.310 0.237 1.717 1 0.190 1.364 0.857-2.169
Platelet (10°/L) —0.001 0.007 0.021 1 0.886 0.999 0.986—-1.012
Albumin (g/L) 1.456 1.819 0.641 1 0.423 4.29 0.12-151.69
FBS (mg/dL) 0.346 0.188 3.411 1 0.065 1.41 0.98 —2.04
HbAlc (%) -3.605 2.168 2.765 1 0.096 0.027 0.000 - 1.90
Constant —19.588 24.044 0.664 — 0.415 0.000 —
*P<0.05 is considered significant. BMI: body mass index, FBS: fasting blood sugar, NAFLD: non-alcoholic fatty liver disease, ALT: alanine
aminotransferase, AST: aspartate aminotransferase
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According to the study in Table 13, diabetes was a
significant variable (P=0.026) and was associated with
a significant decrease in the likelihood of matching.
Smoking, FBS, and HbAlc are close to significant. And
probably have an important clinical effect. Other variables,

including PLT, age, sex, BMI, and liver enzymes, did not
show a significant relationship (P>0.05). The model had
the highest power in correctly identifying matching cases
(98.3%) and had an average performance in identifying
mismatches (66.7%).

Table 14. Results of the logistic regression model of the effect of variables on mismatch for NAFLD score at the cutoff

point of -1.455

Variable Coefficient (B) Standard Error szld' df Signif'icance Odds Ratio 95% CI for OR
(S.E.) Statistic (Sig.) (OR = Exp(B))
Age (years) 0.208 0.143 2.119 1 0.145 1.231 0.931 - 1.628
Sex (Ref = Female) -1.813 3.578 0.257 1 0.612 0.163 0.000 — 181.346
Smoking 0.976 2.655 3.508 1 0.061 2.653 0.015 —483.020
Alcohol consumption -1.513 3.595 0.177 1 0.674 0.220 0.000 —253.018
BMI 0.350 0.180 3.750 1 0.053 1.41 0.995 -2.398
Hyperlipidemia 6.854 5.395 1.614 1 0.204 947.771 0.024 —37,046,106.011
Diabetes -15.577 8.531 3.334 1 0.068 0.000 0.000 —-3.139
ALT (IU/L) -0.182 0.145 1.572 1 0.210 0.833 0.627 - 1.108
AST (IU/L) 0.310 0.237 1.717 1 0.190 1.364 0.857 -2.169
Albumin (g/L) 7.022 4.573 2.358 1 0.125 1121.138 0.144 — 8,747,217.707
FBS (mg/dL) 0.435 0.224 3.750 1 0.053 1.545 0.995 -2.398
HbAlc (%) -4.134 3.239 1.630 1 0.202 0.016 0.000 —9.146
Platelet (10M9/L) 0.028 0.028 1.052 1 0.305 1.029 0.975 - 1.086
Constant -50.231 46.779 1.153 1 0.283 0.000 —

BMI: body mass index, FBS: fasting blood sugar, NAFLD: non-alcoholic fatty liver disease, ALT: alanine aminotransferase, AST: aspartate

aminotransferase
In the calculations in Table 14, the logistic regression
model with a cutoff of 0.500 correctly classified 91% of
all cases. The percentage of prediction accuracy was very
high in the matching group (96.4%) and in the mismatch
group (63.6%). Among the variables entered into the
model, none showed a statistically significant relationship;
BMI (P=0.053), FBS (P = 0.053), and diabetes (P = 0.068)
were close to significance. Each mg/dL increase in FBS

was associated with an approximately 54% increase in
the odds of matching (OR = 1.545), while having diabetes
was associated with a significant decrease in the odds of
matching to almost zero. Other variables, including age,
sex, smoking, alcohol consumption, hyperlipidaemia,
ALT, AST, albumin, and PLT, did not show a significant
relationship with the outcome.

Table 15. Results of the logistic regression model of the effect of variables on non-compliance for FIB-4 at the cutoff

point of 1.335

Variable B S.E. Wald | df Sig. OR (Exp(B)) 95% CI for OR
Age (years) -0.083 0.074 1.240 | 1 0.265 0.921 0.796 — 1.065
Sex (ref = Female) -1.649 1.936 0.726 1 0.394 0.192 0.004 — 8.541
Smoking -0.716 1.151 0.387 1 0.534 0.488 0.051 —4.664
Alcohol consumption -1.156 2.192 0278 1 0.598 0.315 0.004 — 23.121
BMI 0.105 0.075 1.967 | 1 0.161 1.110 0.959 — 1.285
Diabetes -2.490 1.903 1.711 | 1 0.191 0.083 0.002 —3.457
Hyperlipidemia -0.234 1.321 0.031 1 0.859 0.791 0.059 —10.532
ALT (IU/L) -0.080 0.050 2551 | 1 0.110 0.923 0.837-1.018
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Table 15. Results of the logistic regression model of the effect of variables on non-compliance for FIB-4 at the cutoff

point of 1.335

Variable B S.E. Wald df Sig. OR (Exp(B)) 95% CI for OR
AST (IU/L) 0.101 0.064 2.459 1 0.117 1.106 0.975 - 1.255
Albumin (g/L) -0.214 1.577 0.018 1 0.892 0.808 0.037-17.751
FBS (mg/dL) 0.105 0.075 1.967 1 0.161 1.110 0.959 — 1.285
HbAIC (%) -2.471 1.764 1.963 1 0.161 0.084 0.003 - 2.679
Platelets (10"9/L) 0.020 0.025 0.640 1 0.423 1.020 0.971 - 1.072
Constant 16.028 20.938 0.586 1 0.444 91,419,445.915 —

BMI: body mass index, FBS: fasting blood sugar, FIB-4: fibrosis-4, ALT: alanine aminotransferase, AST: aspartate aminotransferase

According to Table 15, the logistic regression model with
a cutoff of 0.500 correctly classified 91% of all cases. The
prediction accuracy in the very high match group was
98.3%, and in the lower mismatch group, 37.5%. Among
the variables entered into the model, none of the variables
were significant at the 0.05 level. Although ALT with
P=0.110, AST with P=0.11, FBS with P=0.161, HbA1C
with P=0.161, and diabetes with P=0.191 had P values
close to the threshold of significance and may be clinically

important. The OR estimate showed that each unit increase
in AST increased the probability of match occurrence by
about 10% (OR=1.106) and each unit increase in ALT
decreased the probability by about 7.7% (OR=0.923),
although these relationships were not statistically
significant. Other variables, including age, sex, smoking,
alcohol consumption, hyperlipidemia, and albumin, were
not significantly associated with non-compliance at the
cutoff point of 1.335.

Table 16. Results of the logistic regression model of the effect of variables on non-compliance for FIB-4 at the cut point

of 1.3
Variable Coefficient Standard Error Warld‘ df Signii-icance Odds Ratio 95% CI for Exp(B)
(B) (S.E.) Statistic (Sig.) (Exp(B))
Age -0.359 0.166 4.683 1 *0.030 0.699 0.505 - 0.967
Sex (Ref = Female) -3.871 2.775 1.946 1 0.163 0.021 0.000 —4.793
Smoking -3.905 1.939 4.055 1 *0.044 0.020 0.000 —0.901
Alcohol Consumption -1.595 3.551 0.202 1 0.653 0.203 0.000 —213.564
BMI 0.105 0.075 1.967 1 0.161 1.110 0.959 —1.285
Hyperlipidemia 10.283 5.276 3.799 1 0.051 29,231.854 0.944 —9.0x10"8
Diabetes 0.070 2.701 0.001 1 0.979 1.073 0.005 -213.538
ALT (IU/L) -0.204 0.108 3.540 1 0.060 0.815 0.659 — 1.009
AST (IU/L) 0.214 0.123 3.016 1 0.082 1.239 0.973 - 1.578
Albumin (g/L) -4.083 2.696 2.294 1 0.130 0.017 0.000 —3.323
HbAlc (%) -5.392 3.043 3.139 1 0.076 0.005 0.000-1.773
FBS (mg/dL) 0.105 0.092 1.127 1 0.288 1.102 0.921-1.319
Platelet (10"9/L) 0.020 0.025 0.640 1 0.423 1.020 0.971-1.072
Constant 8.551 21.710 0.155 1 0.694 5174.200 —
*P<0.05 is considered significant. BMI: body mass index, FBS: fasting blood sugar, FIB-4: fibrosis-4, ALT: alanine aminotransferase, AST: aspartate
aminotransferase

According to Table 16, the logistic regression model was
able to predict the status of compliance and non-compliance
with an overall accuracy of 95.5%. The model's sensitivity
for detecting non-compliance was 81.8%, and its specificity
for detecting compliance was 98.2%. In examining the

variables entered into the model, the results showed
that age (P=0.030, OR=0.699) and smoking (P=0.036,
OR=0.933) had a significant effect on compliance, such that
with increasing age and smoking, compliance decreased.
Other variables, including hyperlipidemia, ALT, AST, and
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HbAT1C, although at the borderline of significance, did not
show a statistically significant relationship at the 0.05 level.
Other factors examined, including sex, alcohol, diabetes,
albumin, and FBS, did not have a significant relationship
with predicting compliance/non-compliance. In general,
based on the results, diabetes was one of the most important
factors predicting non-compliance. Also, older age and
smoking increase the likelihood of a mismatch. At cutoffs
of 1.455 for NAFLD Score and FIB-4 at a cutoff of 1.3,
the specified variables had less confounding effect. A slight
change in the cutoff point of the indicators can change the
prediction accuracy. The best model accuracy was achieved
with FIB-4, with a cutoff point of 1.3 (95.5%, sensitivity
81.8%, specificity 98.2%).

DISCUSSION

This study aimed to evaluate the effectiveness of the
NAFLD score and the FIB-4 index in comparison with
transient elastography (FibroScan) for assessing liver
fibrosis in patients with NAFLD. The mean age of
participants was 44.08 years, with a standard deviation of
+11.26 years. Analysis of FIB-4 indicated that it performs
very well at correctly identifying individuals without
fibrosis, with a sensitivity of 45% and an exceptionally
high specificity of 97.5% to 100%. Its PPV ranged between
81.8% and 100%, suggesting that FIB-4 is particularly
reliable for confirming fibrosis (rule-in) and guiding further
diagnostic investigations, despite its relatively modest
sensitivity. In comparison, the NAFLD score, which
demonstrated a higher sensitivity of 55% but slightly lower
specificity of 93.6%, captured a larger proportion of
patients, though the chance of misclassifying healthy
individuals increased slightly. Using a cutoff value of -1.93,
the NAFLD score maintained relatively high specificity
(91.5%), sensitivity (75%), and NPV (89.5%), surpassing
FIB-4 (NPV = 81%) and establishing its superiority as a
tool for ruling out fibrosis (rule-out). Hannes Hagstrom and
colleagues reported that this score can be used to screen
patients at higher risk of developing advanced liver disease
by repeated FIB-4 measurements in the clinical setting. The
threshold values used to differentiate risk groups in their
study were: less than 1.30 for low risk, 1.30 to 2.6 for
intermediate risk, and greater than 2.67 for high-risk
patients (28). In a study conducted by Cox and others
comparing the results of NAFLD fibrosis score (NFS) and
FIB-4 scores with transient elastography, NFS had an NPV
of 94.1% and FIB-4 had an NPV of 91.6%, and the PPV
results were reported as NFS, 32.4%, and FIB-4, 37% (19).
The results of this study for NPV were in line with our
study. According to their study, these two scores, due to
their high NPV, can be helpful in screening patients who

really need transient elastography. However, due to the
lower PPV, they have little power in detecting the extent of
fibrosis compared with transient elastography (19). Also, in
the study by Amernia and co-workers, the FIB-4 score
based on the ROC curve showed a sensitivity of 97.7,
specificity of 72.7, PPV 0f 49.4, NPV 0f 99.2, and accuracy
of 78% (24). According to the calculations we performed
and the sensitivity of 45%, specificity of 100%, PPV of
100%, and NPV of 81% for the FIB-4 index, the specificity
and NPV are almost in line with their study, and the high
sensitivity and low PPV in this study are contrary to the
research. Other studies have reported that simple fibrosis
scores, such as the FIB-4 index, are very suitable as an
initial assessment in primary care settings to rule out
advanced fibrosis and the risk of future liver-related
complications (29). Today, identifying patients with
MASLD who develop advanced fibrosis is an important
issue for clinicians, and type 2 diabetes, age, and obesity
are known risk factors for the development and progression
of MASLD (30, 31). The results of the Fib-4 score and
transient elastography seem closer together in people over
65 years of age, and age has a less confounding effect at
cutoffs of 1.3 and 2 for the Fib-4 score (23). In our study, in
cases where the FIB-4 score did not match transient
elastography at the cutoff of 1.3, increasing age significantly
decreased the likelihood of matching (P = 0.030; OR =
0.699). Calculation of the accuracy of NFS and FIB-4
compared with FibroScan in a population of 5129 people
showed that these two scores had a high false negative and
false positive rate in screening patients with NAFLD and
were not favorable in patients with various risk factors for
NAFLD, and this study introduced waist circumference as
the first step in suggesting referral for transient elastography
(32). One study reported that the NAFLD fibrosis score
was higher in women than in men (AUCs: 0.83 [95% CI:
0.68-0.99] vs. 0.59 [0.46-0.72]; P=0.016) (33). However,
in our study, sex did not significantly affect the difference
between the index results and the elastography results. The
performance of non-invasive tests for detecting liver
fibrosis in individuals at high risk of MASLD has not been
rigorously evaluated. Some studies have shown that these
non-invasive tests do not perform well in detecting fibrosis
in obese (34) and diabetic patients (35). A cohort study of
overweight/obese and diabetic patients also reported poor
performance of NFS for significant and advanced fibrosis
(36). A comparison of the performance of the FIB-4 and
NAFLD score in patients with NAFLD with a BMI of less
than 23 and those with a BMI of more than 23 showed that
the sensitivity and specificity of the FIB-4 score were not
affected by BMI, but the sensitivity of the NFS was affected
by BMI and was unacceptably low, to the point that one out
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of every two patients with advanced fibrosis might not be
diagnosed. Therefore, the NFS should not be used as a first-
stage screening tool in lean patients with fatty liver, and
FIB-4 is a better screening parameter for advanced NAFLD
fibrosis in lean patients (37). A systematic review conducted
by Rio in 2021 on the topic of examining the FIB-4,
NAFLD score, and APRI showed that all three indices had
good performance for predicting hepatic events, with AUC
between 0.69 and 0.92. Regarding mortality, this study
found that FIB-4 and NFS were much more reliable than
APRI. It emphasized that the accuracy of these indices may
be affected by factors such as age, platelet count, liver
enzyme levels (AST, ALT), and comorbidities (diabetes,
hypertension, heart disease) (38). In a study, Chen and
colleagues investigated why FIB-4 or NFS results were
inconsistent with biopsy in some patients. They reported
that among patients with mild fibrosis (FO-F2) whose FIB-
4 was higher than 2.67, 13.3% had a history of smoking. In
cases where NFS was higher than 0.676 but fibrosis was
mild, 20% of patients were smokers. In cases where FIB-4
or NFS was below the threshold but had moderate-to-
advanced fibrosis, the percentage of smokers was much
lower (e.g., FIB-4 <1.3 in moderate fibrosis, only 3.92%
were smokers (39). In our study, diabetes was one of the
most important predictors of non-compliance. Also, older
age and smoking increased the likelihood of non-
compliance at some cutoff points, especially the cutoff
point of 1.3. Diagnostic performance of FIB-4 and NAFLD
scores and other indices, including APRI, aspartate
aminotransferase-to-alanine aminotransferase ratio (AAR),
aspartate aminotransferase-to-platelet number index (AP
index), fibrosis index (FI), Frons index, BARD score (B:
BMI (Body Mass Index) A: Age R: Resistin (a protein
associated with inflammation) D: Diabetes (specifically
Type 2 diabetes), BAAT score (B: BMI, A: Age, A:
Aspartate Aminotransferase (AST), level,T: Total Bilirubin
level), and Enhanced Liver Fibrosis test (ELF) have been
compared in several studies (20-22). The NPV in a study
for the detection of advanced fibrosis was 93%, 91% and
91% for FIB-4, APRI, and NFS, respectively, indicating
their utility in ruling out advanced fibrosis (40). Laboratory-
based biomarkers (NFS, FIB-4, ELF, or FibroTest) have
been reported to be useful tools for the initial assessment of
fibrosis (40). According to a review, the most commonly
used non-invasive tests for liver fibrosis have excellent
NPVs for definitively ruling out advanced fibrosis but yield
high false-positive rates, limiting their ability to confirm
the diagnosis (41). Several studies have shown that
combining non-invasive tests together increases the PPV
(36, 42). As a result, various studies have shown that
NAFLD score and FIB-4 perform promisingly with high

NPVs. They reduce the need for unnecessary referrals (20,
21). Therefore, low-risk patients can be managed at the
primary care level, and fibrosis scores should be calculated
periodically (every 1-2 years) to reassess risk (43, 44).
Our study presented several strengths. First, the number of
participants exceeded the calculated sample size, and the
majority were recruited from a single center, which ensured
consistent data collection. Additionally, we employed
two methods to evaluate the NFS and FIB-4 scores: one
based on cutoff points established in prior studies, and the
other based on ROC curve analysis, which allowed for a
detailed comparison with transient elastography. However,
the study also had limitations. Data collection involved
questionnaires alongside laboratory and imaging tests,
which may have led some participants to provide incomplete
or inaccurate responses. Despite our efforts to gather data
promptly, in some cases, obtaining information took over
a month. The high cost of transient elastography delayed
testing for some patients, and, due to time constraints,
these individuals were excluded. The study sample was
relatively small and limited to Iranian patients in Mashhad.
To achieve more generalizable findings, future research
should be multicentric and include patients from various
regions of Iran. Standardizing patient characteristics, such
as laboratory results and age range, could also enhance
the precision of evaluations. In our analysis, we briefly
addressed discrepancies between the scores and transient
clastography and examined several contributing factors.
Investigating the causes of these discrepancies, including
patient demographics and laboratory parameters, in larger
studies could help determine whether these indices are
more applicable to specific patient groups.

The comparison of NAFLD score and FIB-4 with transient
elastography demonstrated that both non-invasive
indices have substantial diagnostic accuracy in patients
with NAFLD. The NAFLD score was more effective in
identifying a larger proportion of patients during initial
screening (sensitivity 75% vs. 55%) and in ruling out
disease by correctly identifying healthy individuals (NPV
89.5% vs. 83%), while FIB-4 showed superior accuracy
in confirming fibrosis and guiding referral for additional
assessments (PPV 81.8%—-100%). The area under the ROC
curve was higher for FIB-4 (0.806) compared with NAFLD
score (0.711), reflecting its relative advantage in diagnosing
fibrosis. Based on these findings and previous research, a
combined approach appears beneficial: using the NAFLD
score to reliably exclude negative cases initially, followed
by FIB-4 evaluation for positive or indeterminate cases.
Furthermore, considering relevant risk factors such as
smoking and diabetes may enhance patient management
and improve clinical outcomes.
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