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ABSTRACT

Purpose: Steatosis, the condition where intracellular
excess fat accumulates in the liver, is a growing health
concern worldwide.

This is a meta-analysis from MRI data, that was in-
itially produced to investigate the relation of Hepatic
Steatosis with abdominal obesity and PNPLA3 molecu-

wO

lar variability in Metabolic dysfunction-associated ste-
atotic liver disease patients. It aims to investigate and
statistically confirm any correlation of fat mass in liver
with steatosis grade by using MRI-PDFF as a diagnostic
tool and introduce liver fat mass as a new biomarker for
steatosis grade assessment.
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Material and Methods: A sample of 162 Metabolic
dysfunction-associated steatotic liver disease patients
and healthy volunteers (average age 60.3y) participated
and had abdomen MRI scan with a 3D-GE IQ-IDEAL and
a 3D-LAVA sequencies. Fat fraction, liver fat mass and
liver volume were calculated. Statistical analysis was
performed to evaluate data, including Shapiro-Wilk
test, Kruskal-Wallis test, Dunn’s post-hoc test with Bon-
ferroni correction and Ordinal Logistic Regression.

Results: Statistical analysis proves that there is a
strong positive correlation between liver fat mass and
steatosis grade; higher fat mass is associated with high-
er grades of steatosis. From the Predicted Probabilities
diagram, we calculated, as a sum of probabilities, the
steatosis grade from a given liver fat mass, in a non-dis-
crete steatosis scale.

Conclusions: MRI fat mass estimation could serve
as a reliable and clinically meaningful biomarker for
Metabolic dysfunction-associated steatotic liver dis-
ease (MASLD). The ability to calculate steatosis grade
in a more precise non-discrete form may help to bet-
ter evaluate and monitor a patient’s condition through
time.

Introduction

Steatosis, the fatty liver disease, is the condition
where intracellular excess fat accumulates in the liv-
er. Though it is related to conditions like alcoholism,
viral hepatitis, HIV etc., it is a growing health concern
in non-alcoholic population worldwide, mostly in de-
veloped countries. According to the World Health Or-
ganization, 25%-30% of the adult population are af-
fected by the condition. The broader term Metabolic
dysfunction-associated steatotic liver disease (MASLD)
includes simple Fatty Liver (mild steatosis condition)
and Metabolic dysfunction-associated Steatohepatitis
(MASH, severe condition). While mild steatosis may not
affect liver function, potential progression to MASH
may result in hepatic fibrosis, cirrhosis or carcinoma.
Risk factors for steatosis include obesity, insulin resist-
ance, high cholesterol, BMI and triglyceride levels.

Affecting a quarter of the world’s population [1],
MASLD is increasing in parallel with Type 2 Diabetes
and metabolic syndrome. It is currently estimated that
70% of subjects with Type 2 Diabetes have MASLD [2,
3] and 20-30% Non-Alcoholic Steatohepatitis (NASH).
This specific population is at high risk of progressing

to advanced fibrosis and cirrhosis [4], or even worse to
hepatocellular carcinoma (HCC). Thus, it is important
to recognize high-risk people with MASLD in order to
provide them with optimal management.

Liver biopsy remains the golden standard for high-
risk NASH and advanced fibrosis population. Neverthe-
less, its invasive nature, high cost and potential inter
and intra-observer heterogeneity, make it less attrac-
tive as a diagnostic, monitoring and screening popula-
tion tool [5].

MRI data used in this study were initially produced
to investigate the relation of Hepatic Steatosis with ab-
dominal obesity and PNPLA3 molecular variability in
Non-Alcoholic Fatty Liver Disease (MASLD) patients [6,
7].

The aim of this study post —processed analysis, is to
investigate and statistically confirm any correlation of
fat mass in liver with steatosis grade by using MRI-PDFF
as a diagnostic tool. Proven correlation could introduce
liver fat mass as a new biomarker for assessment of ste-
atosis grade.

Material and Method

a. Sample

A sample of 162 Non-Alcoholic Fatty Liver Disease
patients (91 male / 71 female) with average age 60.3y,
had liver MRI in our lab. The initial population of 120
patients included in references 6 & 7 was increased by
42 patients who also met the criteria and participated
in the study. All participants were fully informed about
the study and provided written consent to participate
in it. Their privacy and data protection were ensured in
accordance with the applicable General Data Protection
Regulation protocols. In general population males have
larger liver volumes than females. Male liver volumes
decline faster than those of females with age, so that
at the age of 60y (55-65y) liver volumes are effectively
about the same size [13, 14]. As the average age of the
participants was 60.3y, we did not separate males from
females.

b. Specifications and parameters

The scans were performed using GE MR 750 Discov-
ery 3.0T scanner. The protocol included the sequenc-
es: GE IQ IDEAL with 6 echo time (from 1.0 to 4.8 ms)
field-of-view 46cm, slice thickness 8mm, TR = 6.2 ms,
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frequency/phase 192/160, bandwidth 125Hz, and GE 3D
LAVA echo time 1.1 ms, field-of-view 44cm, slice thick-
ness 4mm, TR = 3.8 ms, frequency/phase 320/224, band-
width 166.7Hz.

c. Fat fraction calculation

IQ IDEAL, is a multi-echo MR sequence using Dixon’s
technique for fat and water separation. It automatical-
ly produces 4 sets of images: (a) WATER only signal (b)
FAT only signal (c) T2 star and (d) Fat Fraction as seen
on Image 1. The last set of images gives the ability to
easily perform fat fraction measurements of the ap-
pearing tissues [8].

On this set of images, fat fraction was measured in
each liver segment, and the total liver fat fraction was
considered as the average from all segments.

d. Liver volume calculation

Images from GE 3D LAVA sequence were reformatted
in axial and coronal planes in slices of 10mm with no
gap, then measurements of liver volumes were taken
manually from each plane, excluding big vessels and
any other non-liver structure. The total liver volume,
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Image 1: MR IQ Ideal sequence
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expressed in cubic cm, was estimated to be the average
volume measurement from the two planes, to eliminate
any systemic errors in the mandatory measurement
procedure. This task was performed using General Elec-
tric Company ReportCARD 4.0 (2008-9) software which
was initially designed for Cardiac MRI calculation but is
also able to perform volumetric measurements.

e. Fat mass calculation

Fat mass in the liver (FML), measured in grams, was
calculated considering fat fraction, liver volume, and
triglycerides density (FD) in body temperature, which
is 0.9gr/cm3 [9]. Knowing the liver volume (LV) and fat
fraction (FF), the volume of fat in the liver (FLV) is cal-
culated by the formula: (FLV)= (FF)(LV). Fat mass in the
liver was then calculated from the density equation as:
(FML)=(FLV)(FD).

f. Fat mass and steatosis grade

Fat mass data were grouped according to the stea-
tosis grade, which typically is based on the number of
cells with intracellular vacuoles of fat. According to
this scale: grade 0 (normal) equals to less than 5% af-
fected cells, grade 1 (mild) equals from 5% to 33% od
cells, grade 2 (moderate) equals from 34% to 66% cells
and grade 3 (severe) equals to more than 67% affected
cells. But the percentage of the affected cells does not
correspond directly to the fat-fraction percentage as
calculated with MRI PDFF [12]. So, we used reliable bib-
liography [10], where histological results considered, to
relate PDFF fat fraction with steatosis grade.

g. Statistical analysis

We performed Shapiro-Wilk test (a=0.05) to in-
vestigate if data is normally distributed. Because
non-parametric statistical methods were employed,
Kruskal-Wallis test was used to compare the steatosis
grade with calculated fat mass in liver (expressed in gr).
To further assess pairwise differences for Type I error
due to multiple comparisons, Dunn’s post-hoc test with
Bonferroni correction was performed. This allowed ad-
justed p-values and robust interpretation of group-wise
differences. Analysis was performed using the online
platform Statistics Kingdom (2017): Shapiro Wilk Test,
Kruskal-Wallis test, Dunn’s post-hoc test, Ordinal Logis-
tic Regression.
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Results

In the total population, with steatosis grade 0 average
liver mass was found to be 58.69 gr, with steatosis grade
1 average liver mass was found to be 182.11 gr, with ste-
atosis grade 2 average liver mass was found to be 374.01
gr, with steatosis grade 3 average liver mass was found
to be 672.15 gr (Table 1).

Table 1: Steatosis Grade and average
liver fat mass

STEATOSIS FF (%) Avg FAT
GRADE MASS (gr)
0 (normal) 0-6,4 58,69
1 (mild) 6,5-17,4 182,11
2 (moderate) 17,5 - 22,1 374,01
3 (severe) >222 672,15

Based on the Shapiro-Wilk test (o = 0.05), the p-value
was < 0.001. Since p-value < a, we reject the null hypoth-
esis (Ho) and conclude that the data are not normally
distributed. In other words, the difference between the
data sample and the normal distribution is big enough
to be statistically significant. The test statistic W equals
0.6972, which is not in the 95% region of acceptance:
(0.9901, 1). The observed effect size KS - D is large,
0.2957. This indicates that the magnitude of the differ-

ence between the sample distribution and the normal
distributions is large.

Therefore, the Kruskal-Wallis test was used to com-
pare the steatosis grade with calculated fat mass in liv-
er expressed in grams. The result (H=137.9728, p-value:
1.03 x 107®) indicates a highly significant difference in
fat mass across steatosis grades. Results are graphically
presented in figure 1 (Fig. 1).

To further assess pairwise differences for Type I error
due to multiple comparisons, Dunn’s post-hoc test with
Bonferroni correction was performed. This allowed ad-
justed p-values and robust interpretation of group-wise
differences. Dunn's Post-hoc Test (Bonferroni-adjusted
p-values) proves that Grades 0 vs 1,0 vs 2,0 vs 3, and 1
vs 3 show strong significant differences while 1 vs 2 is
borderline significant (p ~ 0.0485) and 2 vs 3 is not sig-
nificant after Bonferroni correction. Results are shown
in Table 2 (Table 2).

The Ordinal Logistic Regression analysis on the data-
set of liver fat mass and steatosis grade yielded statisti-
cally significant results: Fat Mass Coefficient: Estimate
0.0415 with p-value: < 0.001. This means that as liver
fat mass increases, the odds of being in a higher steato-
sis grade also increase. This relationship is statistically
significant. The Thresholds Between Grades (cut-points
for transitions between ordinal categories): Grade 0/1:
4,40, Grade 1/2: 2.15, Grade 2/3: 1.51. These values help
define the boundaries between steatosis grades in the

Figure 1. Bar plot with results and p-values that present statistical
significance of liver fat mass between steatosis grades
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Table 2: Dunn's Post-hoc Test results

Comparison

between Grades ZpSCOLE p-value
Ovs1l 6.5256 4,06 x1071°
0Ovs2 6.8979 3.17x1071
Ovs3 10.7499 <1x10712
1vs2 2.6484 4,85 x 1072
1vs3 5.2148 1.10 x107°
2vs3 1.3444 1.00

(not significant)

logistic model. There is a strong positive correlation
between liver fat mass and steatosis grade. The model
confirms that higher fat mass is associated with higher
grades of steatosis. The visualization of predicted prob-
abilities is presented in figure 2 (Fig. 2).

For each additional gram of liver fat, the odds of be-
ing in a higher steatosis grade increase by ~4.2%. This
increase is consistent and statistically significant,
meaning it's unlikely to be due to chance. The confi-
dence interval confirms that the true effect is likely be-
tween 3.0% and 5.3% increase per gram. An Example:
If a patient’s liver fat increases from 100g to 110g, the
odds of being in a higher steatosis grade increase by ap-
proximately: 1.04210 = 1.52.

VOLUME I1 | ISSUE 3

That’s a 52% increase in odds, a clinically meaningful
change.

From figure 2 it is easy to calculate (as a sum of prob-
abilities) the steatosis grade from a given (calculated)
liver fat mass, in a more precise non-discrete scale. An
example is given in figure 3 (Fig. 3).

Discussion & Conclusion

Liver biopsy remains the gold standard for assess-
ing steatosis grade; however, it is invasive, costly, and
limited by sampling variability, as it evaluates only a
small portion of the liver. In contrast, MRI-based pro-
ton density fat fraction (PDFF) offers a non-invasive,
patient-friendly, and more comprehensive alternative.
PDFF enables fat quantification across the entire liver,
making it particularly valuable in cases of heterogene-
ous fat distribution. While other imaging modalities
such as ultrasound (US) [11] are more accessible and
affordable, they lack the sensitivity and accuracy of
MRI-PDFF in detecting and grading hepatic steatosis at
least in older US scanners.

Previous studies have shown a strong correlation
between hepatic fat fraction and automated liver vol-
ume. Notably, we found a strong correlation between
liver fat mass and steatosis grade, suggesting that fat
mass estimation could serve as a reliable and clinically
meaningful biomarker for nonalcoholic fatty liver dis-
ease (MASLD). The ability to calculate steatosis grade

significant).

Figure 2. Visualization of Predicted Probabilities: The plot shows how the probability of each steatosis
grade (0 to 3) changes with increasing liver fat mass. In this context, the odds ratio quantifies how the
odds of being in a higher steatosis grade change with each 1 gram increase in liver fat mass. Odds
Ratio for fat mass: approximately 1.042, 95% Confidence Interval, p-value: < 0.001 (statistically
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Figure 3.

An example for calculation a non-discrete scale
of steatosis, based on liver mass (gr)

measurement.

Steatosis Grade = } Pi+i, (where j stands for
steatosis grade and Pj the probability the
selected fat mass to appear on a steatosis

grade)

In case of liver fat mass of 250gr (black line) this
gives:

Steatosis Grade =

(0%0.1)+(1*0.85)+(2*0.25)+(3*0.05)= 1.5

A result that complies with our average
calculates fat masses (greater than steatosis

grade 1, less than steatosis grade 2)

in a more precise non-discrete form, may help to bet-
ter evaluate and monitor a patients’ condition through
time.

Despite its advantages, PDFF MRI has limitations,
including susceptibility to artifacts from metallic im-
plants or air cavities, challenges in patients with claus-
trophobia or movement disorders, and reduced accura-
cy in cases of severe iron overload (T2* < 2 ms). Another
limitation of this study is that all participants where
Greek (white Caucasian race), the measurements for
people from other races [13] or geographical places are
expected to be different, although this may not affect
the main idea of the study: the precise calculation of
steatosis grade in a decimal form.

Given the progressive nature of hepatic steatosis and
its potential to evolve into nonalcoholic steatohepati-
tis, fibrosis, or cirrhosis, early and accurate assessment
is crucial. Our findings highlight the potential of MRI,
particularly fat mass calculation, as a powerful diag-
nostic and monitoring tool in MASLD management.

In conclusion, MRI-PDFF demonstrates significant
promise as a non-invasive, accurate method for assess-
ing hepatic steatosis. Our study adds to the growing
evidence supporting its clinical utility and introduces
fat mass estimation as a potentially valuable marker.
Further large-scale, longitudinal studies are needed to
validate these findings and assess their implications in
routine clinical practice. R
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