
This work is licensed under a Creative Commons Attribution 4.0 International License.

Original Article

MEDICINE 
PALLIATIVE CARE  J Med Palliat Care. 2026;7(2):220-224

DOI: 10.47582/jompac.1871085

*Corresponding Author: Atiye Cenay Karabörk Kılıç, karabork@gazi.edu.tr

Exploring the correlation between the fibrosis-4 score and 
quantitative ultrasonographic liver fat measurements in metabolic 

dysfunction-associated steatotic liver disease 

Atiye Cenay Karabörk Kılıç*1, Halit Nahit Şendur1, Emre Aşiret1, Cansu Özbaş2,
 Aylin Billur Şendur3, Mahi Nur Cerit1, Suna Özhan Oktar1

1Department of Radiology, Faculty of Medicine, Gazi University, Ankara, Turkiye
2Department of Public Health, Faculty of Medicine, Gazi University, Ankara, Turkiye

3Department of Radiology, Private Radiology Clinic, Ankara, Turkiye

Cite this article as: Karabörk Kılıç AC, Şendur HN, Aşiret E , et al. Exploring the correlation between the fibrosis-4 score and quantitative 
ultrasonographic liver fat measurements in metabolic dysfunction-associated steatotic liver disease. J Med Palliat Care. 2026;7(2):220-224. 
doi:10.47582/jompac.1871085

Received: 25.01.2026                  ◆                  Accepted: 20.02.2026                  ◆                  Published: 27.03.2026

ABSTRACT
Aims: Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most common chronic liver disease worldwide. 
While hepatic steatosis defines the disease, liver fibrosis is the main determinant of prognosis. The fibrosis-4 (FIB-4) score 
is widely used as a first-line noninvasive tool for fibrosis risk stratification, with a threshold of 1.3 recommended in clinical 
practice. Quantitative ultrasound techniques, including tissue attenuation imaging (TAI) and tissue scatter imaging (TSI), 
enable objective assessment of hepatic fat content. This study aimed to investigate the relationship between FIB-4 score and 
quantitative ultrasound-derived liver fat parameters in patients with MASLD.
Methods: This retrospective, single-center study included 196 patients diagnosed with MASLD who underwent quantitative 
ultrasound liver fat assessment between January 2021 and April 2023. TAI and TSI measurements were obtained under 
standardized breath-hold conditions with a  1-7 MHz convex transducer. FIB-4 scores were calculated using routine laboratory 
parameters, and patients were categorized as FIB-4 <1.3 or ≥1.3. Associations between FIB-4 and quantitative ultrasound 
parameters were evaluated using Spearman correlation analysis. Receiver operating characteristic (ROC) curve analysis was 
performed to assess the ability of TAI and TSI to discriminate patients with FIB-4 ≥1.3.  
Results: The median FIB-4 score was 0.91, and 41 patients (20.9%) had an FIB-4 score ≥1.3.  TAI values were significantly lower 
in patients with FIB-4 ≥1.3 (p=0.002), whereas TSI values did not differ significantly between groups. FIB-4 score showed weak 
inverse correlations with TAI, TSI, and body-mass index.  ROC analysis demonstrated limited discriminative performance for 
TAI (AUC=0.660), while TSI showed no significant diagnostic value. 
Conclusion: Quantitative ultrasound-derived liver fat parameters show weak associations with FIB-4-based fibrosis risk in 
MASLD, supporting the dissociation between hepatic steatosis and FIB-4-based fibrosis risk and indicating the limited utility of 
ultrasound fat measurements for fibrosis risk stratification.
Keywords: Metabolic dysfunction-associated steatotic liver disease, liver fibrosis, fibrosis-4 score, ultrasonography, hepatic 
steatosis

INTRODUCTION
Metabolic dysfunction-associated steatotic liver disease 
(MASLD) is the most common chronic liver disease 
worldwide.1 It covers a spectrum ranging from basic steatosis 
to hepatocellular carcinoma. Hepatic steatosis represents the 
first phase of MASLD, whereas the degree of liver fibrosis 
serves as the main determinant of the long-term grade, 
which is the principal predictor of long-term clinical results 
and liver-related mortality. Therefore, accurate diagnosis of 
patients at increased risk for fibrosis is a central goal in the 
clinical management of MASLD.2

Noninvasive assessment tools have an important place in the 
evaluation of MASLD. Biochemistry-based fibrosis scores, 
particularly the fibrosis-4 (FIB-4) index, are used in risk 
stratification of fibrosis due to their low cost, accessibility, 
and simplicity. FIB-4 incorporates age, platelet count, and 
aminotransferase levels to estimate the likelihood of high-
grade fibrosis. Importantly, a FIB-4 threshold of 1.3 is often 
used as a practical cut-off value. Values below 1.3 generally 
suggest a low risk of advanced fibrosis, while values 1.3 and 
above indicate that further evaluation might be necessary.3-5
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In parallel, advances in quantitative ultrasonography have 
enabled noninvasive assessment of hepatic fat content. 
Steatosis may further progress to steatohepatitis and advanced 
fibrosis. Quantitative ultrasound techniques such as tissue 
attenuation imaging (TAI) and tissue scatter imaging (TSI) 
(Samsung Medison-Seoul, South Korea) provide objective and 
reproducible measurements related to liver fat accumulation.6 

Despite the coexistence of steatosis and fibrosis within the 
MASLD spectrum, the relationship between ultrasonography-
based quantitative liver fat measurements and fibrosis risk 
remains incompletely understood.7,8 Specifically, it is unclear 
whether quantitative steatosis parameters such as TAI and 
TSI are associated with fibrosis risk estimated by noninvasive 
fibrosis scores. By examining the association between the 
FIB-4 score and quantitative ultrasound-derived liver fat 
parameters, we aimed to find out if these parameters can help 
diagnose MASLD patients who require closer follow-up or 
further evaluation.

METHODS
This study was approved by the Ethics Committee for Clinical 
Researches at Gazi University (Date: 08.05.2023, Decision No: 
400). All procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of Helsinki.

The study is retrospective and observational. It was performed 
at a single tertiary academic institution. Patients who were 
diagnosed with MASLD and who underwent quantitative 
liver fat assessment on ultrasonography between January 2021 
and April 2023 were retrospectively reviewed. 

Patients included were adults aged 35 to 65 years with available 
quantitative ultrasound fat measurements and contemporary 
laboratory data required for the calculation of the FIB-4 
score. Patients older than 65 years and younger than 35 years 
were excluded, as the diagnostic accuracy of FIB-4 has been 
reported to be reduced at these ages.9 Additional exclusion 
criteria included chronic liver disease of other etiologies, 
significant alcohol consumption, missing laboratory 
parameters, or inadequate ultrasound image quality. 

Clinical and Laboratory Data
Demographic characteristics were obtained from hospital 
records. Laboratory parameters required for FIB-4 calculation 
-aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), and platelet count-were recorded if available within 
the same week as the ultrasonography examination. The FIB-
4 score was calculated using the standard formula: 
(Age [yr]xAST [U/L])/((PLT [10(9)/L])x(ALT [U/L])(1/2)).10

Ultrasonography Acquisition and Quantitative 
Measurements
Quantitative ultrasonography examinations were conducted 
utilizing a commercially available ultrasound system that 
included quantitative imaging software (Samsung Medison, 
Seoul, South Korea). Hepatic fat quantification was carried 
out using TSI and TAI techniques. All examinations were 
conducted following current international recommendations11 
for attenuation coefficient-based hepatic fat assessment. 
Patients were assessed in the supine position with a right 

intercostal approach during a breath hold to reduce motion 
artifacts, and with a 1-7 MHz convex transducer. This 
method was chosen because ultrasound-derived quantitative 
hepatic fat measurements have been shown to vary between 
respiratory phases.12 B-mode image quality was optimized 
before quantitative measurements were obtained. Regions 
of interest (ROIs) were oriented perpendicular to the 
transducer, with the superior boundary situated 2 cm below 
the liver capsule. The measurement box was configured to 
a length of 3 cm. The interquartile range-to-median ratio 
(IQR/M) of the measurements was considered reliable only 
when it was ≤15%. Two experienced radiologists, blinded 
to clinical and laboratory data, independently conducted 
quantitative measurements. For each patient, five consecutive 
measurements were obtained by each radiologist. The average 
of these measurements was utilized for further statistical 
analysis (Figure 1).

Statistical Analysis
The data analyses were conducted utilizing SPSS software 
(version 22.0; IBM Corp., Armonk, NY, USA). Continuous 
data were shown as median and interquartile range (IQR), 
whilst categorical variables were represented as counts and 
percentages. Group comparisons were performed using 
appropriate parametric or nonparametric tests based on data 
distribution.

The association between FIB-4 scores and quantitative 
ultrasound parameters (TAI and TSI) was assessed with 
Spearman correlation analysis.  An analysis of the receiver 
operating characteristic (ROC) curve was performed 
to evaluate the ability of quantitative ultrasonography 
parameters in distinguishing patients with FIB-4 ≥1.3, and 
area under the curve (AUC) values were measured. 

Figure 1. Representative quantitative ultrasonographic measurements of the 
liver showing (A) tissue attenuation imaging (TAI), and (B) tissue scatter 
imaging (TSI) obtained from the right hepatic lobe. Regions of interest were 
positioned approximately 2 cm below the liver capsule
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RESULTS
Study Population and Baseline Characteristics
The study had 196 patients with MASLD. Baseline 
demographic, clinical, laboratory, and quantitative ultrasound 
features of the study population are listed in Table 1. The 
median age was 52 years (IQR:47-58), and 52.0% (n=102) of 
the patients were female. The median value of the population’s 
body-mass index (BMI) was 28.7 kg/ m² (IQR: 26.0-32.0). 
Laboratory median values were 24 U/L  (IQR: 18-34) for ALT, 
22 U/L  (IQR: 18-26) for AST, and 245x109/ L (IQR: 213-289) 
for platelet count. The median FIB-4 score was 0.91 (IQR: 0.73-
1.21). Based on the recommended cut-off value, 155 patients 
(79.1%) were classified as having FIB-4 <1.3, while 41 patients 
had FIB-4 ≥1.3. Median values of quantitative ultrasound were 
0.78 dB/cm/MHz (IQR: 0.71-0.90) for TAI and 92.0 (IQR: 86-
96) for TSI.

Comparison of Clinical and Ultrasound Parameters 
According to FIB-4 Categories
Table 2 shows comparisons of demographic, clinical, and 
quantitative ultrasound parameters according to FIB-4 
categories. There was a significant difference in the median 
age of patients with FIB-4 ≥1.3 and those with FIB-4 <1.3 
(median age: 56 vs. 51 years, p=0.001). Two categories were 
similar in terms of BMI and sex distribution. No significant 
differences were observed between the two groups regarding 
sex distribution or BMI. Quantitative ultrasound analysis 
indicated that TAI values were significantly lower in patients 
with FIB-4 ≥1.3 compared to the group with FIB-4 <1.3 
(median:0.74 vs 0.79, p=0.002). In contrast, TSI values did not 
differ significantly between the two groups (p=0.102).

Correlation Analysis
Table 3 illustrates the correlations between clinical and 
quantitative ultrasound parameters and the FIB-4 score.  The 
FIB-4 score exhibited inverse correlations with both TAI 
(r=−0.188, p=0.008) and TSI (r=−0.163, p=0.023). A weak 
inverse correlation with BMI was also seen in the Spearman 
correlation analysis (r=−0.169, p=0.018). Although statistically 
significant, these correlations were of very low magnitude, 
indicating limited clinical relevance.

Diagnostic Performance of Quantitative 
Ultrasonographic Parameters
ROC curve analyses evaluating the diagnostic performance 
of quantitative ultrasonographic parameters for identifying 
patients with FIB-4 ≥1.3 were analyzed. The statistical 
significance of the AUC for TSI was not achieved (p=0.102). The 
AUC was 0.583. On the other hand, TAI exhibited a statistically 
significant but poor/fair diagnostic performance, with an AUC 
of 0.660 (p=0.002) (Figure 2). Two cut-off values were identified 
to show sensitivity and specificity thresholds. Sensitivity was 
80% and specificity was  44 % at a TAI cut-off value of 0.715; 
using a higher cut-off value of 0.835, the sensitivity was 43% 
and the specificity was 86%. 

Table 1. Baseline characteristics of the study population

Age, median (IQR 25-75), years 52 (47-58)

Sex, n (%)

  Female 102 (52.0)

 Male 94 (48.0)

BMI, median (IQR 25-75) 28.7 (26-32)

BMI categories, n (%)

<25 36 (18.4)

25-29.99 89 (45.4)

≥30.00 71 (36.2)

ALT, median (IQR 25-75) 24 (18-34)

AST, median (IQR 25-75) 22 (18-26)

PLT, median (IQR 25-75) 245 (213-289)

TAI, median (IQR 25-75) 0.78 (0.71-0.90)

TSI, median (IQR 25-75) 92 (86-96)

FIB4, score median (IQR 25-75) 0.91 (0.73-1.21)

FIB4 grup, n (%)

<1.3 155 (79.1)

≥1.3 41 (20.9)
IQR: Interquartile range, BMI: Body-mass index, ALT: Alanine aminotransferase, AST: Aspartate 
aminotransferase, PLT: Platelet count, TAI: Tissue attenuation imaging, TSI: Tissue scatter imaging, 
FIB-4: Fibrosis-4 score

Table 2. Comparison of clinical and quantitative ultrasound characteristics 
according to FIB-4 categories

FIB4<1.3 FIB4≥1.3 p value

Age (median, IQR 25-75) 51 (46-57) 56 (50.5-60.5) 0.001

Sex n, (%)

 Female 81 (79.4) 21 (20.6)
0.906

 Male 74 (78.7) 20 (21.3)

BMI (median, IQR 25-75) 28.7 (26.2-32.4) 27.5 (25.9-30.3) 0.075

BMI categories, n, (%)

<25 29 (80.6) 7 (19.4)

0.27025-29.99 66 (74.2) 23 (25.8)

≥30.00 60 (84.5) 11 (15.5)

TAI (median, IQR 25-75) 0.79 (0.72-0.92) 0.74 (0.68-0.80) 0.002

TSI (median, IQR 25-75) 92.8 (86-96.5) 90.0 (82.6-94.7) 0.102
IQR: Interquartile range, BMI: Body-mass index, TAI: Tissue attenuation imaging, TSI: Tissue scatter 
imaging, FIB-4, Fibrosis-4 score

Table 3. Correlation between FIB-4 score and clinical and quantitative 
ultrasound parameters

FIB-4 score

BMI

R -0.169*

p 0.018

n 196

TAI

R -0.188*

p 0.008

n 196

TSI

R -0.163*

p 0.023

n 196
BMI: Body-mass index, TAI: Tissue attenuation imaging, TSI: Tissue scatter imaging, FIB-4: 
Fibrosis-4 score
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DISCUSSION
In this study, we examined the correlation between the FIB-4 
score and quantitative ultrasound-derived liver fat parameters 
in patients with MASLD, with particular emphasis on the 
commonly used threshold of 1.3. Our findings demonstrate 
that although FIB-4 scores showed statistically significant 
associations with ultrasound parameters, these relationships 
are weak in magnitude, suggesting limited clinical correlation 
between fibrosis risk estimated by FIB-4 and hepatic fat 
content measured by ultrasound.

TAI values were reduced in patients with FIB-4 ≥1.3, while 
TSI values exhibited no significant difference between the 
two groups. These findings indicate that higher FIB-4-based 
fibrosis risk is not necessarily accompanied by increased fat 
content on quantitative ultrasound. Correlation analysis 
further supported this observation, revealing very weak 
inverse correlations between the FIB-4 score and TAI, TSI, 
and BMI. Although these correlations reached statistical 
significance, their low correlation coefficients suggest minimal 
clinical relevance. From a pathophysiological perspective, our 
findings are consistent with the concept that hepatic steatosis 
and FIB-4-based fibrosis risk may not be progressing in 
parallel through the MASLD spectrum. TAI and TSI increase 
with high hepatic fat content. However, in more advanced 
stages of disease, hepatic fat content may decrease or stabilize 
despite ongoing fibrotic progression. The lower TAI values 
observed in patients with higher FIB-4 scores may reflect this 
dissociation between steatosis and fibrosis in later stages.

ROC analysis showed that TAI had a statistically significant 
but poor/fair ability to discriminate patients with FIB-4 
≥1.3, whereas TSI did not demonstrate significant diagnostic 
performance. The AUC for TAI remained below the threshold 
generally considered indicative of moderate diagnostic 
accuracy, suggesting that ultrasound-derived fat parameters 
alone are insufficient for identifying patients at increased 
fibrosis risk. The absence of a high sensitivity and specificity 
single cut-off value further highlights the limited role of 

TAI as a stand-alone surrogate for fibrosis risk estimation in 
correlation with FIB-4-based risk. A multicenter cohort study 
investigated whether hepatic fat loss occurs dynamically 
during fibrosis progression.13 Using baseline liver biopsy data 
and longitudinal vibration-controlled transient elastography, 
found decreasing liver fat and increasing fibrosis over time. As 
shown in the literature, steatosis severity does not necessarily 
parallel fibrosis progression.14 In their study, Kumada et al.8 
investigated how advanced liver fibrosis affects quantitative 
ultrasound-based assessment of hepatic steatosis and 
highlighted that structural changes associated with fibrosis 
can independently alter ultrasound signal attenuation. Tada 
and colleagues7 evaluated whether liver fibrosis influences 
attenuation coefficient measurements obtained through 
ultrasonography. The attenuation coefficient measurements 
showed little to no association with liver stiffness measured 
by magnetic resonance elastography.  Our study, similar to 
the studies in the literature, may point out that steatosis and 
fibrosis may not progress together in MASLD.

Limitations
Several limitations are included in this investigation. The 
findings may not be generalizable to a broader population 
due to the retrospective, single-center design. In addition, 
liver biopsy or elastography-based fibrosis assessment was 
not available as a reference standard, and fibrosis risk was 
inferred solely from the FIB-4 score. The FIB-4 score may also 
yield false-negative/false-positive classifications.14 Another 
limitation is that all quantitative measurements were obtained 
using a single-vendor-specific ultrasound system, which 
may restrict the applicability of the results across different 
platforms. Furthermore, a relatively small number of patients 
with FIB-4 ≥1.3 may have limited the statistical power for 
subgroup analyses. 

CONCLUSION
As a result, quantitative ultrasound-derived liver fat 
measurements show weak and inverse associations with FIB-
4-based fibrosis risk in patients with MASLD. These results 
highlight the dissociation between hepatic steatosis and FIB-
4-based fibrosis risk and emphasize the need for multimodal 
approaches when assessing disease severity in MASLD.
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