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Highlights: Impact and implications:

e A decline in renal function is significantly related to liver The study shows that liver fibrosis progression assessed by
fibrosis progression in MASLD. gFibrosis may be associated with renal function decline, which
provides a new perspective for understanding complex path-
ological processes. A combination of artificial intelligence and
digital pathology may earlier and more precisely quantify the
e Predictive models constructed with the gFibrosis parame- progression of regional liver fibrosis, thus better identifying
ters could better identify the eGFR decline. changes in renal function. This opens the possibility of
early interventions, which are essential to improve pa-

tients’ outcomes.

e Liver fibrosis progression in the central vein and pericentral
region are strongly related to eGFR decline.
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Background & Aims: The relationship between biopsy-proven liver fibrosis progression and renal function decline in patients with
metabolic dysfunction-associated steatotic liver disease (MASLD) has not been fully elucidated. We used an automated quan-
titative liver fibrosis assessment (gFibrosis) technique to investigate the temporal changes in regional liver fibrosis.

Methods: This retrospective longitudinal study included 68 MASLD patients and their paired formalin-fixed sections of liver bi-
opsies. One hundred eighty-four fibrosis parameters were quantified in five different hepatic regions, including portal tract, peri-
portal, zone 2, peri-central and central vein regions, and gFibrosis continuous values were calculated for all samples based on 10
fibrosis parameters using qFibrosis assessment. Liver fibrosis progression (QLF*, n = 18) and regression (QLF", n = 23) was
defined as at least a 20% relative change in gFibrosis over a 23-month follow-up. Renal function decline was assessed by
estimated glomerular filtration rate (¢GFR) changes.

Results: The eGFR decline was greater in the QLF* group (106.53 + 13.71 ml/min/1.73 m? vs. 105.28 + 12.46 ml/min/1.73 m?) than
in the QLF™ group (110.87 + 14.58 mI/min/1.73 m? vs. 114.18 + 14.81 ml/min/1.73 m?). In addition, liver fibrosis changes in the
central vein and pericentral regions were more strongly associated with eGFR decline than in periportal, zone 2 and portal tract
regions. We combined these parameters to construct a prediction model, which better differentiated eGFR decline (a cut-off value
of gFibrosis combined index = 0.52, p <0.001).

Conclusions: A decline in renal function is significantly related to liver fibrosis progression in MASLD. Regional gFibrosis
assessment may efficiently predict eGFR decline, thus highlighting the importance of assessing renal function in patients with
MASLD with worsening liver fibrosis.

© 2025 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction outcomes and mortality.” Consequently, early detection and
assessment of liver fibrosis is clinically important.

Liver biopsy has long been the gold standard for fibrosis
assessment in MASLD.® Despite its capability to provide
valuable histopathological information, conventional histologi-
cal staging of fibrosis is semiquantitative and highly subject to
sampling error and observer variations.” In recent years, qgFib-
rosis, which is an automated application based on the combi-
nation of second harmonic generation/two-photon excitation
fluorescence (SHG/TPEF) microscopy with artificial intelligence
(Al) analysis,”® has been developed and used for liver fibrosis
assessment in MASLD. Wang et al.” first established an SHG-
based quantification of fibrosis-related parameters (Q-FPs)
model in patients with MASLD that offered an accurate,
reproducible method to assess liver fibrosis along a quantita-
tive and continuous scale. Subsequently, Liu et al.’® showed

Metabolic dysfunction-associated steatotic liver disease
(MASLD), also known as metabolic dysfunction-associated
fatty liver disease (MAFLD), affects more than one-third of the
world’s adult population.’® A significant proportion of these
patients will develop metabolic dysfunction-associated stea-
tohepatitis (MASH) with liver injury, inflammation, and varying
levels of liver fibrosis.® Studies have demonstrated that MASLD
is part of a multisystem disease and people with MASLD have
not only a higher risk of developing adverse liver-related out-
comes, but also important extrahepatic complications, such as
cardiovascular disease (CVD), chronic kidney disease (CKD)
and certain types of extrahepatic cancers. Notably, the
severity of liver fibrosis is the strongest prognostic factor in
MASLD and is closely associated with long-term liver-related
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that SHG may reveal subtle fibrosis similarities and differences
in adult and pediatric MASLD.'® Therefore, gFibrosis can
effectively overcome some intrinsic limitations of conventional
biopsy-based histological fibrosis assessment.

Kidney disease poses a considerable burden on global
health as a cause of worldwide morbidity and mortality. In
particular, up to nearly 10% of the global adult population has
CKD, which results in about 1.2 million deaths and 28 million
years of life lost each year."" Consequently, timely identification
of new and additional risk factors for CKD is particularly valu-
able in improving long-term clinical outcomes.’® Convincing
clinical evidence''* (including our previously published
studies’®'%) shows that MASLD is strongly associated with an
increased long-term risk of CKD, and this CKD risk is further
increased with more advanced liver disease, especially with
higher fibrosis stage. However, to our knowledge, the evidence
for an association between kidney function decline and liver
fibrosis progression in people with MASLD, as confirmed by
follow-up studies with paired liver biopsies, is limited. There-
fore, in this exploratory prospective study, we aimed: (i) to
investigate the relationship between temporal changes in liver
fibrosis and decline in estimated glomerular filtration rate
(eGFR) among patients with MASLD, both at baseline and at
follow-upy; (i) to examine whether the use of the gFibrosis tool
may better identify subtle liver fibrosis changes (compared with
conventional histological liver assessment) and facilitate study
of their relationship with eGFR decline; and to (jii) investigate
whether regional liver fibrosis parameters could differentiate
and predict eGFR decline as a result of liver fibrosis progres-
sion in patients with biopsy-confirmed MASLD.

Materials and methods

Study design and population

This retrospective analysis was based on prospectively gathered
data. Eligible adult patients (>18 years old) diagnosed with
MASLD who underwent two paired liver biopsies from two
medical centers in China (the First Affiliated Hospital of Wenzhou
Medical University and the Beijing Friendship Hospital) between
October 2013 and March 2022, were considered for inclusion.
Patients were excluded if they: (1) had a history of significant
alcohol consumption (>10 g per day for women and >20 g per
day for men); (2) were diagnosed with other chronic liver dis-
eases, such as autoimmune liver disease, viral hepatitis, or
secondary fatty liver diseases; (3) developed drug-induced fatty
liver disease; (4) used potentially hepatoprotective or hepato-
toxic agents; (5) were pregnant or lactating women; (6) had he-
patocellular carcinoma or other benign or malignant tumors; (7)
had other known causes of chronic or acute kidney diseases as
well as presence of urinary tract infection; (8) participated in
clinical intervention trials; and (9) had missing data on important
clinical or laboratory parameters. Ethical approval for the study
was obtained from the ethics committees of each participating
center with the project code 2016 No. 246, and written informed
consent was obtained from all study participants.

Clinical and laboratory data

Clinical and laboratory parameters were collected in all partic-
ipants, including age, sex, height, weight, waist circumference,
presence of hypertension and diabetes, as well as measure-
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ment of serum creatinine, urea nitrogen, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) concentrations. As the mean difference
in the annual percentage change in eGFR decline in patients
with  MASLD compared with those without MASLD was
approximately -1%,'” in this study we stratified changes in
eGFR levels by at least a 2% relative difference to define the
eGFR decrease group (n = 32) and the eGFR increase group
(n = 22). In addition, the eGFR levels at the end of follow-up
were age- and sex-adjusted in both eGFR patient groups.

Liver biopsy examination

All participants underwent an ultrasound-guided percutaneous
liver biopsy. Two independent liver pathologists evaluated the
biopsies and scored them according to the MASLD activity
score system for liver lesions, including hepatic steatosis,
ballooning, lobular inflammation, and fibrosis. MASLD was
defined as a grade of 5% or more steatosis with no other
competing causes of fatty liver. The histologic features of
MASLD were scored according to the non-alcoholic steato-
hepatitis Clinical Research Network (NASH CRN) classifica-
tion."® The histologic stage of hepatic fibrosis was quantified
according to Brunt’s criteria."® The probability of advanced liver
fibrosis was also estimated using two widely used non-invasive
scores (NITs) of advanced fibrosis, such as non-alcoholic fatty
liver disease (NAFLD) fibrosis score (NFS) and Fibrosis-4 index
(FIB-4) scores. The lower cut-off and the upper cut-off for NFS
were -1.455 and 0.676, and for FIB-4 index were 1.3 and
2.67, respectively.

SHG/TPEF microscopy and qFibrosis assessment

Unstained sections from participants’ paired liver biopsies were
examined using SHG/TPEF microscopy with Al analyses. The
Genesis®200 (Histolndex Pte. Ltd, Singapore), a fully auto-
mated, stain-free multiphoton fluorescence imaging micro-
scope, was applied to scan the liver sections. Then, the SHG/
TPEF images were analyzed using Al-based algorithms. The
Genesis®200 utilizes the optical properties of the tissue itself to
directly scan an image, which uniquely and sensitively displays
collagen changes in the tissue. The same image acquisition
parameters were consistently applied to all samples across the
two participating centers. The samples were laser excited at
780 nm, SHG signals were recorded at 390 nm, and TPEF
signals were recorded at 550 nm. Image tiles were obtained at
20 x magnification, featuring a resolution of 512 x 512 pixels
and a dimension of 200 x 200 pmz. Multiple adjacent image
tiles were captured to encompass the entire organizational area
on each slide.

The gFibrosis tool is the overall result of assessing liver
fibrosis that includes the quantitative results of 184 fibrosis
parameters on a linear scale. gFibrosis quantifies overall
fibrosis as well as fibrous deposition in five different liver re-
gions (portal tract [PT], periportal [PP], zone 2, pericentral [PC],
and central vein [CV] regions), and specific morphological
features of collagen fibers, such as fiber length, width, and
area. The PP and PC regions are 100 um from the PT and CV,
respectively, and the region between marks zone 2. This
measurement of 100 pm approximates one-tenth of the
average distance between the PT and CV in a normal liver.

JHEP Reports, mmm 2025. vol. 7 | 101358 2



gFibrosis continuous (gFC) values and gFibrosis stages (qFS)
were generated for all samples as previously described.® The
association between liver fibrosis and renal function changes
was further investigated by differentiating the increase or
decrease in eGFR based on changes in fibrosis parameters in
different liver regions. In this study, liver fibrosis progression
and regression were defined by the following three methods: (1)
a change of at least 1 point in the NASH CRN fibrosis staging
was used to classify the fibrosis progression (LF*, n = 13) and
regression (LF", n = 28) groups; (2) a change of at least 1 point
in the gFibrosis staging was used to classify the fibrosis pro-
gression (gqLF*, n = 13) and regression (qLF", n = 26) groups;
and (3) a relative change of at least 20% in the gFibrosis
continuous values or fibrosis parameters was used to classify
the fibrosis progression (QLF*, n = 18) and regression (QLF",
n = 23) groups during the follow-up period. The NASH CRN
fibrosis staging was used to classify no fibrosis change (LF",
n = 27), the gFibrosis staging was used to classify no fibrosis
change (gLF", n = 29), and gFibrosis continuous values were
used to determine no fibrosis change (QLF", n = 27).

We used a sequential feature selection method to select a
subset of fibrosis parameters for building a gFibrosis combined
index, which may predict the decrease in eGFR at baseline. In
the procedure of sequential feature selection, a linear regres-
sion model was used, the criterion was the residual sum of
squares, and the search algorithm was sequential forward se-
lection. Five fibrosis parameters at baseline, including (1) the
percentage of distributed collagen in the tissue, (2) the number
of long collagen fibers in the tissue, (3) the number of thin and
aggregated collagen fibers in the PP region, (4) the number of
long and distributed collagen fibers in CV region, and (5) the
number of thin and aggregated collagen fibers for the chicken
wire fibrosis, were selected for building the gFibrosis combined
index using the linear regression method. Using the Youden’s
index method, a cut-off value of the combined index could be
determined. This suggests that the eGFR will decrease at end
of follow-up (EOF) if patients had a combined index larger than
the cut-off value at baseline.

Statistical analysis

Statistical analyses were performed using SPSS version 27.0
(IBM; Armonk, NY, USA). Normally distributed continuous var-
iables were expressed as means + standard deviation (SD), and
non-normally distributed ones were expressed as medians
(P25, P75). Categorical variables were expressed as counts or
percentages (%). The clinical and biochemical characteristics
of the study participants were compared using a paired-sample
t test for continuous variables. The X? test was used to estimate
the statistical differences in the percentage of regressive/pro-
gressive patients between the eGFR increase and decrease
groups. The two-tailed Wilcoxon rank-sum test was used to
estimate the statistical differences in eGFR changes between
the liver fibrosis regression and progression groups. The
Spearman’s rank correlation analysis assessed the correlation
between quantified fibrosis parameters and eGFR values for all
participants. The percentages of patients who were regressive/
progressive were calculated for eGFR increase and decrease in
patients based on the quantified liver fibrosis parameters. The
leave-out cross-validation method was used for the model
validation cohort of the gFibrosis. Finally, the area under the
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receiver operating characteristic curve (AUROC) analysis was
performed to evaluate the accuracy of the gFibrosis combined
index for predicting the changes in eGFR over time. The sta-
tistical significance level was set as p <0.05.

Results

Clinical characteristics of biopsy-proven MASLD
participants before and after follow-up

A total of 68 middle-aged patients with biopsy-confirmed
MASLD were enrolled, including 136 slides of liver tissues. As
shown in Table 1, 65% of these patients were male, with a
median age of 41 years (range 31-50.8 years), median BMI of
26.6 (23.9, 29.2) kg/mz, mean waist circumference of 93.00 +
8.87 cm, and 19%, 24%, and 28% had obesity, diabetes, and
hypertension, respectively. Among these patients, the propor-
tion of NFS >0.676 and FIB-4 >2.67 was 26% and 12%,
respectively. Compared with the first liver biopsy examination
(baseline), patients at the second liver biopsy examination
(follow-up) had lower median MASLD activity scores for hepatic
steatosis (2.00 [1.00, 2.75] vs. 1.00 [1.00, 2.00]), inflammation
(2.00 [1.00, 2.00] vs. 1.00 [1.00, 1.00]) and fibrosis (1.00 [1.00,
2.00] vs. 1.00 [1.00, 1.00]). The proportion of patients with se-
vere fibrosis (pathology score of 2 or higher) decreased from
43% (29/68) at baseline to 24% (16/68) at follow-up. These
patients had significantly lower serum direct bilirubin (DBIl),
albumin, ALT, AST, and y-glutamyl-transferase levels, whereas
in contrast, higher levels of total bilirubin (TBil), indirect bilirubin
(IBil), AST/ALT ratio, blood urea nitrogen (BUN), and HDL-C
were observed (p <0.05) at follow-up.

Paired liver specimens from MASLD participants were
scanned with Genesis®200 (Histolndex Pte. Ltd, Singapore)
and analyzed quantitatively with gFibrosis, based on which we
subdivided the paired liver samples into the QLF* (n = 18) and
QLF™ (n = 23) groups. The changes from baseline to EOF in
clinical and biochemical characteristics of these patient groups
are shown in Table 2. In the QLF" group, those with MASLD had
lower histologic fibrosis scores, lower gFS, and lower gFC after
EOF than at baseline; the opposite was seen in the QLF* group.
Also, in either the QLF* or QLF™ group, patients with MASLD
had lower serum aminotransferase levels than those at baseline
(o <0.05), consistent with previous data in Table 1. The QLF*
group had higher levels of TBil and NFS and lower fasting
glucose levels, while the QLF™ group had higher HDL-C and
lower DBIl after EOF (p <0.05). In the QLF* group, the eGFR
values slightly decreased in the EOF and QLF™ groups, while
the eGFR values increased in the EOF group. Furthermore, we
used a multifactor binary logistic regression analysis to inves-
tigate the association between changes in QLF and eGFR
(Table S1). The results showed that QLF decrease is indepen-
dently associated with eGFR changes even after adjustment of
common renal risk factors, which suggested that QLF decrease
may be a protective factor for eGFR increase.

qFibrosis accurately identified the association between
liver fibrosis progression and eGFR decline

To better assess the association between liver fibrosis pro-
gression and renal function decline, we classified patients with
MASLD into fibrosis progression or regression groups based
on three different methods, that is, NASH CRN staging,
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Table 1. Clinical and biochemical characteristics of patients with MASLD with paired liver biopsies.

Liver fibrosis progression predicts renal decline

Characteristics First biopsy (n = 68) Second biopsy (n = 68) p value
Demographics
Age (years) 41.00 (31.00, 50.75) 42.50 (33.25, 53.00) <0.001
Male sex (%) 44 (64.71) 44 (64.71) 1.000
BMI (kg/m?) 26.61 (23.88, 29.20) 24.98 (23.52, 27.68) <0.001
Diabetes, n (%) 16 (23.53%) 23 (33.82%) 0.184
Hypertension, n (%) 19 (27.94%) 19 (27.94%) 1.000
Angiotensin Il receptor blocker, n (%) 5 (7.35%) 5 (7.35%) 1.000
Obesity, n (%) 13 (19.12%) 14 (20.59%) 0.830
Wiaist circumference (cm) 93.00 + 8.87 89.72 + 10.32 <0.001
Laboratory parameters
WBC (x 10'%/L) 6.00 (5.24, 7.09) 5.99 (5.42, 7.11) 0.349
RBC (x 10"2/L) 491+ 0.62 4.88 + 0.63 0.565
Hb (g/L) 147.53 + 15.26 147.21 + 16.34 0.811
Platelet count (10%L) 239.00 (184.25, 268.25) 216.00 (174.25, 256.00) <0.001
TBil (umol/L) 13.00 (11.00, 17.75) 16.50 (12.00, 29.50) <0.001
DBil (umol/L) 4.50 (3.00, 6.00) 4.00 (3.00, 6.00) 0.049
IBil (Lmol/L) 9.00 (7.00, 12.00) 11.00 (9.00, 14.50) <0.001
Total cholesterol (mmol/L) 497 +1.09 4.85 + 1.08 0.347
Triglycerides (mmol/L) 2.10 (1.53, 2.80) 1.82 (1.43, 2.70) 0.585
Albumin (g/L) 45.23 + 4.93 44.03 £ 3.75 0.028
ALT (U/L) 70.00 (46.25, 112.25) 32.50 (20.00, 61.75) <0.001
AST (U/L) 46.00 (34.00, 75.75) 29.00 (19.93, 43.68) <0.001
AST/ALT ratio 0.61 (0.51,0.91) 0.89 (0.66, 1.15) <0.001
v-Glutamyltransferase (U/L) 63.30 (49.00, 88.00) 39.00 (25.00, 58.00) <0.001
BUN (mmol/L) 4.60 (3.83, 5.50) 5.30 (4.30, 6.30) 0.005
Scr (umol/L) 66.45 + 15.13 67.06 + 17.39 0.598
UA (umol/L) 381.50 (323.50, 479.50) 368.00 (316.00, 414.00) 0.041
eGFR (ml/min/1.73 m?) 109.31 + 13.73 107.41 + 14.21 0.098
HDL-C (mmol/L) 0.96 (0.87, 1.10) 1.06 (0.92, 1.18) <0.001
LDL-C (mmol/L) 3.07 + 0.89 2.92 +0.83 0.138
Glucose (mmol/L) 5.35 (4.93, 7.58) 5.50 (4.90, 6.68) 0.366
HOMA-IR score 5.15 (3.25, 8.03) 3.76 (2.52, 7.10) 0.083
NFS 0.00 + 1.56 0.36 + 1.62 <0.001
NFS category, n (%) 0.749

NFS <-1.455 8 (11.76) 7 (10.29)

-1.455< NFS <0.676 42 (61.76) 39 (57.35)

NFS >0.676 18 (26.47) 22 (32.35)
FIB-4 index 1.49 £ 1.37 1.48 £ 1.73 0.982
FIB-4 category, n (%) 0.541

FIB-4 <1.3 45 (66.18) 49 (72.06)

1.3 < FIB-4 <2.67 15 (22.06) 10 (14.71)

FIB-4 >2.67 8 (11.76) 9 (13.24)
CKD stage, n (%) 0.345

eGFR 290 (ml/min/1.73 m?) 61 (89.71) 64 (94.12)

60< eGFR <90 (ml/min/1.73 m?) 7 (10.29) 4 (5.88)
Liver biopsy
Steatosis score 2.00 (1.00, 2.75) 1.00 (1.00, 2.00) <0.001
Severe steatosis (%) 46 (67.65) 23 (33.82) <0.001
Ballooning score 2.00 (1.00, 2.00) 1.00 (1.00, 2.00) 0.186
Severe ballooning (%) 36 (52.94) 33 (48.53) 0.607
Inflammation score 2.00 (1.00, 2.00) 1.00 (1.00, 1.00) <0.001
Severe inflammation (%) 36 (52.94) 16 (23.53) <0.001
Fibrosis score 1.00 (1.00, 2.00) 1.00 (1.00, 1.00) 0.012
Severe fibrosis (%) 29 (42.65) 16 (23.53) 0.018
Steatosis grade <0.001
0 (%) 0(0) 9 (13.24)
1 (%) 22 (32.35) 36 (52.94)
2 (%) 29 (42 65) 20 (29.41)
3 (%) 7 (25) 3 (4.41)
Ballooning grade 0.091
0 (%) 1(1.47) 7 (10.29)
1 (%) 31 (45.59) 28 (41.18)
2 (%) 36 (52.94) 33 (48.53)
Inflammation grade 0.004
0 (%) 2 (2.94) 7 (10.29)
1 (%) 30 (44.12) 45 (66.18)
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Table 1. (continued)
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Characteristics First biopsy (n = 68) Second biopsy (n = 68) p value
2 (%) 33 (48.53) 15 (22.06)
3 (%) 3 @4.41) 1(1.47)
Fibrosis grade 0.086
0 (%) 9 (13.24) 15 (22.06)
1 (%) 30 (44.12) 37 (54.42)
2 (%) 16 (23.53) 5 (7.35)
3 (%) 8 (11.76) 7 (10.29)
4 (%) 5 (7.35) 4 (5.88)
gFibrosis stage (qFS) 2.00 (0.00, 2.00) 1.00 (0.00, 2.00) 0.103
gFibrosis continuous value (qQFC) 1.17 (0.90, 1.71) 1.07 (0.89, 1.32) 0.188

Data are expressed as means + SD, medians (P25, P75), or proportions. The paired-sample t test was used for comparing normally distributed continuous variables, the Wilcoxon
signed-rank test for non-normally distributed variables, and the X? test for categorical data.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BL, baseline; BMI, body mass index; DBIl, direct bilirubin; eGFR, estimated glomerular filtration rate; EOF, end of
follow up; FIB-4, fibrosis-4 score; Hb, hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; IBil, indirect
bilirubin; LDL-C, low-density lipoprotein cholesterol; NFS, non-alcoholic fatty liver disease fibrosis score; RBC, red blood cell; TBIl, total bilirubin; UA, uric acid; WBC, white

blood cell.

gFibrosis staging, and gFibrosis continuous values. As shown
in Fig. 1A, the eGFR changes in the LF* group assessed by
either NASH CRN staging or gFibrosis staging tended to be
lower than those in the LF™ group, but was not statistically
significant. In contrast, gFibrosis continuous value staging was
the better method to identify eGFR changes (p = 0.043)
(Fig. 1A). Therefore, it is reasonable to suggest that gFibrosis
continuous values could be more sensitive to analyze the
correlation between liver fibrosis progression and early renal
function decline.

We stratified subjects into two groups based on their
changes in eGFR and applied the above three methods
(Fig. 1B). According to the NASH CRN staging, when the eGFR
was elevated, there was a slightly higher rate of liver fibrosis
regression (50% vs. 38%), whereas there was no difference in
the fibrosis progression rate (23% vs. 22%). According to the
gFibrosis staging, there was no difference in the proportion of
fibrosis regression (41% vs. 34%), and the proportion of
fibrosis progression decreased (14% vs. 22%) when eGFR
increased. Based on the gFibrosis continuous values, the
proportion of liver fibrosis regression was significantly higher
(50% vs. 19%, p = 0.02) when eGFR increased.

Regional liver fibrosis parameters correlate with
eGFR decline

Digital pathology with Al analyses was performed to investigate
the temporal changes in liver fibrosis areas in five different re-
gions. According to Spearman’s nonparametric analysis, liver
fibrosis characteristics in the PT/CV region and surrounding
areas all negatively correlated with eGFR values in the first and
second biopsies: liver fibrosis parameters increased and eGFR
decreased (Fig. 2A). In addition, a higher proportion of fibrosis
progression in CV and PC regions was associated with eGFR
decline in these patients. Fibrosis parameters that improved
over time correlated with eGFR increase (Fig. 2B and C).
Table 3 shows statistical differences in 27 out of the 184 liver
fibrosis parameters when we compared the eGFR increase and
the eGFR decrease groups in both fibrosis regression and
progression. Of these 27 hepatic fibrosis parameters, one
parameter was from the PT region, 15 were from the PC region,
and 11 were from the CV region. These results suggest that
eGFR changes over time were more significantly correlated
with liver fibrosis changes in the CV and PC region than in the

PP region, zone 2, and PT region, thus suggesting that regional
fibrosis progression assessment is valuable. Image examples
also showed significant fibrosis regression in the CV region in
the eGFR increase group, compared to the eGFR decrease
group (Fig. 2D).

qFibrosis combined-index model predicts eGFR decline

The analysis of the changes in the 184 gFibrosis parameters
showed that 20 hepatic fibrosis parameters significantly
correlated with eGFR changes, suggesting that changes in
these fibrosis parameters may specifically differentiate eGFR
changes over the follow-up (the percentage of distributed
collagen in the CV region (%CVDis), AUROC: 0.74, p = 0.003;
the number of thin and distributed collagen fibers in the CV
regions [#ThinStrCVDis], AUROC: 0.79, p = 0.000; and the
length of distributed collagen fibers in the CV regions
[StrLengthCVDis], AUROC: 0.74, p = 0.003) (Table S2). In
addition, 14 gFibrosis parameters at baseline, including two
parameters in the PT region, eight in the PC region, and four in
the CV region, were able to predict changes in eGFR (Table S3).
These qgFibrosis parameters were higher at baseline in the
eGFR-increase group than in the eGFR-decrease group, pre-
dicting an opposite trend at EOF. Five gFibrosis parameters at
baseline were identified by the sequential feature selection
method to calculate the gFibrosis combined index. Its diag-
nostic performance in predicting eGFR changes over the
follow-up was evaluated using the leave-one-out cross-vali-
dation method (Fig. 3A and B) and ROC analysis (Fig. 3C). The
AUROC values for the training and validation sets were 0.87
and 0.82, respectively, showing good performance in predict-
ing eGFR decline. With a cut-off value of gFibrosis combined
index = 0.52, eGFR changes could be accurately predicted
using the liver fibrosis parameter at baseline.

Discussion

This explorative retrospective longitudinal study examined the
relationship between liver fibrosis progression rates and eGFR
decline in paired liver biopsies and serum samples from Chi-
nese adults with MASLD over a median follow-up of 23 months.
We found that as liver fibrosis progresses, eGFR declines. Our
study shows for the first time that quantifying liver fibrosis with
gFibrosis may provide a more accurate analysis of the rela-
tionship between the rates of liver fibrosis progression and
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Table 2. Clinical and biochemical characteristics of patients with MASLD in liver fibrosis progression (QLF*) and regression (QLF’) groups at BL and EOF.

QLF* group (n = 18)

QLF group (n = 23)

BL EOF p value BL EOF p value
Demographics
Age (years) 45.50 (39.75, 54.25) 46.50 (40.00, 57.00) <0.001 39.00 (27.00, 46.00) 41.00 (30.00, 50.00) <0.001
Male sex (%) 9 (50.00%) 9 (50.00%) 1.000 16 (69.57%) 16 (69.57%) 1.000
BMI (kg/m?) 27.80 (23.97, 29.48) 25.92 (24.21, 28.11) 0.078 26.75 + 4.20 25.28 + 4.83 0.003
Diabetes, n (%) 4 (22.22%) 6 (33.33%) 0.457 4 (17.39%) 7 (30.43%) 0.300
Hypertension, n (%) 7 (38.89%) 6 (33.33%) 0.729 3 (13.04%) 4 (17.39%) 0.681
Obesity, n (%) 5 (27.78%) 4 (22.22%) 0.700 3 (13.04%) 4 (17.39%) 0.681
Waist circumference (cm) 91.00 (86.50, 99.00) 88.00 (84.50, 95.00) 0.007 92.11 £ 9.57 88.52 + 12.66 0.094
Laboratory parameters
WBC (x 10'%/L) 5.84 +1.37 6.17 + 1.63 0.311 5.85 (5.01, 7.37) 5.84 (4.90, 7.80) 0.858
RBC (x 10'2/L) 4.82 + 0.62 4.76 + 0.62 0.312 4.84 + 0.68 4.87 + 0.62 0.739
Hb (g/L) 147.44 + 16.77 145.00 + 21.10 0.316 144.83 + 14.90 145.74 £ 14.78 0.699
Platelet count (x 10%L) 224.22 + 63.23 188.00 + 55.46 <0.001 221.61 + 74.32 210.13 + 67.46 0.085
TBil (umol/L) 13.00 (10.50, 17.00) 15.50 (11.00, 42.25) 0.002 16.90 (10.60, 21.60) 21.00 (12.00, 110.00) 0.072
DBil (umol/L) 418 +1.62 511 +233 0.088 4.90 (3.30, 7.00) 4.00 (3.00, 5.50) 0.016
IBil (umol/L) 9.84 + 4.70 11.64 + 5.52 0.051 11.65 = 5.77 12.89 + 5.21 0.298
Total cholesterol (mmol/L) 5.05 +1.14 477 £1.23 0.119 4.85+1.10 497 +1.10 0.550
Triglycerides (mmol/L) 2.44 +1.27 1.81 + 0.65 0.072 2.48 +1.25 2.34 £+1.19 0.674
Albumin (g/L) 43.92 + 5.51 43.51 £ 4.73 0.721 44.93 + 5.31 43.86 + 3.27 0.321
ALT (U/L) 59.00 (38.50, 89.50) 41.50 (16.00, 54.50) 0.007 70.00 (45.00, 113.00) 26.00 (14.00, 68.00) 0.004
AST (U/L) 38.00 (29.75, 56.00) 28.00 (18.50, 51.25) 0.022 46.00 (33.00, 88.00) 23.00 (17.00, 42.60) <0.001
AST/ALT ratio 0.54 (0.50, 0.94) 0.73 (0.63, 1.22) <0.001 0.69 (0.50, 0.99) 0.90 (0.59, 1.14) 0.429
v-Glutamyltransferase (U/L) 66.59 + 38.62 51.76 + 38.78 0.159 67.00 (50.00, 93.00) 30.00 (18.00, 56.00) <0.001
BUN (mmol/L) 4.87 +1.13 5.19 + 1.18 0.231 4.50 (3.70, 5.00) 5.30 (4.00, 6.30) 0.010
Scr (umol/L) 62.63 + 15.29 64.90 + 16.20 0.229 68.34 + 16.22 64.91 + 15.01 0.047
UA (umol/L) 363.50 (304.43, 393.75) 363.50 (287.50, 416.00) 0.286 440.15 + 128.34 407.03 + 133.26 0.130
eGFR (ml/min/1.73 m?)* 106.53 + 13,71 105.28 + 12.46 0.547 110.87 + 14.58 114.18 £ 14.81 0.065
HDL-C (mmol/L) 0.96 (0.87, 1.10) 1.00 (0.90, 1.12) 0.224 0.92 + 0.18 111 £0.24 <0.001
LDL-C (mmol/L) 3.10 = 0.94 2.90 + 0.96 0.200 3.00 + 0.77 2.96 + 0.78 0.793
Gilucose (mmol/L) 5.80 (5.00, 8.93) 5.15 (4.75, 6.90) 0.016 5.00 (4.70, 6.40) 5.40 (4.80, 6.30) 0.485
HOMA-IR score 4.87 (3.87, 12.17) 4.24 (2.08, 6.89) 0.033 5.33 (2.76, 7.28) 3.57 (2.88, 7.41) 0.911
NFS 0.43 +1.54 1.05 £ 1.65 0.002 -0.03 £ 1.12 -0.00 + 1.06 0.860
NFS category, n (%) 0.784 0.932
NFS -1.455 1 (5.56) 1 (5.56) 2 (8.70) 2 (8.70)
-1.455< NFS <0.676 11 (61.11) 9 (50.0) 16 (69.57) 17 (73.91)
NFS 20.676 6 (33.33) 8 (44.44) 5(21.73) 4 (17.39)
FIB-4 index 1.58 + 1.53 2.15 + 2.78 0.115 1.74 + 1.68 1.21 +1.10 0.005
FIB-4 category, n (%) 0.659 0.814
FIB-4 <1.3 11 (61.11) 13 (72.22) 15 (65.22) 17 (73.92)
1.3< FIB-4 <2.67 4 (22.22) 2 (11.11) 4 (17.39) 3 (13.04)
FIB-4 >2.67 3 (16.67) 3 (16.67) 4 (17.39) 3 (13.04)
CKD stage, n (%) 1.000 0.550
eGFR2 90 (ml/min/1.73 m?) 16 (88.89) 16 (88.89) 21 (91.30) 22 (95.65)
60< eGFR< 90 (ml/min/1.73 m?) 2 (11.11) 2 (11.11) 2 (8.70) 1 (4.35)
Liver biopsy
Steatosis score 2.00 (1.00, 2.00) 1.00 (1.00, 1.25) 0.033 2.00 (1.00, 3.00) 1.00 (1.00, 2.00) <0.001
Severe steatosis (%) 1(61.11) 4 (22.22) 0.018 16 (69.57) 6 (26.09) 0.003
Ballooning score 2.00 (1.00, 2.00) 1.50 (1.00, 2.00) 0.248 2.00 (1.00, 2.00) 2.00 (1.00, 2.00) 0.710
Severe ballooning (%) 12 (66.67) 9 (50.00) 0.310 12 (62.17) 14 (60.87) 0.552

(continued on next page)
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Table 2. (continued)

QLF" group (n = 23)

QLF* group (n = 18)

p value

EOF

1.00 (1.00, 1.00)

EOF p value BL
2.00 (1.00, 2.00)

1.00 (1.00, 1.25)

BL

1.50 (1.00, 2.00)

0.003
<0.001

0.035
0.011

Inflammation score

2 (8.70)
1.13 = 1.06

13 (56.52)
1.96 + 1.15

16 (88.89)
1.67 + 1.33

9 (50.00)
1.39 + 1.33

Severe inflammation (%)

Fibrosis score

0.001

0.368
0.729
0.002
<0.001

0.036
<0.001
<0.001

6 (26.09)

1.00 (0.00, 2.00)
0.96 (0.86, 1.20)

13 (56.52)

2.00 (2.00, 3.00)
1.74 (1.18, 2.48)

6 (33.33)

2.00 (1.00, 3.00)
1.26 (1.04, 2.20)

7 (38.89)

0.00 (0.00, 2.00)

0.83 (0.69, 1.22)
Data are expressed as means + SD, medians (P25, P75), or proportions. The paired-sample t test was used for comparing normally distributed continuous variables, the Wilcoxon signed-rank test for non-normally distributed variables,

Severe fibrosis (%)

qFibrosis stage (qFS)

gFibrosis continuous value (qFC)

and the X? test for categorical data. *eGFR value is age- and sex-adjusted value in the second biopsy. ALT, alanine aminotransferase; AST, aspartate aminotransferase; BL, baseline; BMI, body mass index; BUN, blood urea nitrogen;
CKD, chronic kidney disease; DBIl, direct bilirubin; eGFR, estimated glomerular filtration rate; EOF, end of follow up; FIB-4, fibrosis-4 test; Hb, hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model

assessment of insulin resistance; IBil, indirect bilirubin; LDL-C, low-density lipoprotein cholesterol; NFS, non-alcoholic fatty liver disease fibrosis score; RBC, red blood cell; TBil, total bilirubin; UA, uric acid; WBC, white blood cell.

Research article

eGFR decline compared with conventional histological liver
fibrosis staging systems. In addition, we performed a zonal
analysis of hepatic fibrosis parameters, showing that regional
liver fibrosis parameters could be more sensitive and an earlier
predictor of changes in eGFR over time.

It is known that the severity of liver fibrosis is one of the
strongest risk factors of long-term liver-related outcomes and
all-cause mortality in people with MASLD and, therefore, an
early recognition and monitoring of changes in liver fibrosis
stage is essential.” gFibrosis provides in-depth analysis of
unstained sections of liver biopsy tissue by combining the use
of SHG/TPEF microscopy and Al techniques, which may reveal
different collagen features, such as collagen distribution,
morphology, and location.?® Our study confirmed that gFibrosis
efficiently identifies the progression and regression of liver
fibrosis, as reported in animal models and patients with
MASLD.?"*? Recently, we found that gFibrosis has a clear
advantage in revealing liver fibrosis regression induced by
lifestyle interventions in MASLD, which is not captured by
conventional histological staging.”® gFibrosis also shows its
utility for assessing subtle changes in liver fibrosis after anti-
viral therapy.®*

MASLD and CKD are highly prevalent and interconnected
conditions challenging global public health. It has been
demonstrated that eGFR decline parallels the severity of liver
fibrosis in patients with MASLD,?®> which may be explained by
the overlapping pathogenesis of these two conditions. Firstly,
dysregulation of lipid metabolism in MASLD or CKD patients
can promote both liver fibrosis progression and kidney function
decline.?® Lipid deposition in the liver and kidneys is mainly
caused by imbalances in fatty acid influx, lipid synthesis,
oxidation, and export.27 Secondly, increased oxidative stress is
a common pathophysiological feature in MASLD and CKD.?8%°
Reactive oxygen species (ROS) may promote the expression of
profibrotic molecules, such as transforming growth factor-p1
(TGF-B1), thus playing a significant role in developing liver and
renal fibrosis. Endoplasmic reticulum (ER) stress induces
proinflammatory signals from hepatocytes,*® and prolonged ER
stress can lead to increased apoptosis of renal proximal tubular
cells.® Thirdly, insulin resistance has also been demonstrated
a pathogenic factor that activates hepatic stellate cells and
increases collagen matrix production, thus leading to liver
fibrosis.>* Clinical data also support the notion that insulin
signaling in glomerular podocytes is important for normal renal
function®® and that insulin resistance may worsen renal func-
tion. In addition, low-grade chronic inflammation, differentially
expressed genes (DEGs), and signaling pathway abnormalities
are shared mechanisms underlying the development of MASLD
and CKD.*>**% Finally, substances, such as circulating
platelet-derived growth factor-D (PDGF-D)*® and leptin,” may
also play a key role in hepatic and renal fibrogenesis. Our
recent study also showed that serum N-terminal propeptide of
collagen type 3 (PRO-C3) concentration could accurately
assess liver fibrosis in MASLD-CKD patients.*®

In the present study, we have found that eGFR changes
could be distinguished earlier and more accurately based on
the composite liver parameters. Changes in 20 gFibrosis pa-
rameters were found to specifically differentiate eGFR changes
over the follow-up, and the gFibrosis combined index was
found to predict eGFR changes, which are significant for early
detection of CKD. However, the reasons these two hepatic
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Fig. 1. Statistical differences in baseline eGFR and eGFR changes by subgroup and percentage of fibrosis changes in the eGFR increase and decrease
groups by different methods. (A) Statistical differences in eGFR changes between the fibrosis no change group or regression group and the fibrosis progression
group by NASH CRN score (LF*, LF" and LF’), gFibrosis stage (QLF*, gLF" and gLF") and gFibrosis continuous value (QLF*, QLF" and QLF") (two-tailed Wilcoxon rank-
sum test). (B) The percentage of different changes in fibrosis in patients with MASLD with increased and decreased eGFR was calculated from the NASH CRN fibrosis
stage, gFibrosis stage and gFibrosis continuous value (X2 test). CRN, Clinical Research Network; eGFR, estimated glomerular filtration rate; NASH, nonalcoholic
steatohepatitis; QLF*, liver fibrosis progression assessed by gFibrosis continuous values; QLF", liver fibrosis regression assessed by gFibrosis continuous values.

when the liver fibrosis progression occurred, portal vessels
decreased, sinusoid capillarization increased, and central ves-
sels increased, thus implying increased vascularity and capil-
larization in the CV and PC regions. These changes are also

regions are more relevant deserve deeper investigation.
Recently, Zhou et al.*® reported the changes and functions of
the hepatic microvasculature in three different areas during
CCl4-induced and MASH-induced liver fibrosis. They found that
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Fig. 2. Digital assessment of liver fibrosis and quantified fibrosis parameters in different liver regions demonstrated changes in fibrosis. (A) Histogram
showing the correlation between liver fibrosis characteristics assessed by regional fibrosis parameters and eGFR (Spearman’s rank correlation). The percentages of
progressive (B) and regressive (C) patients with fibrosis parameters were calculated for the eGFR increase and decrease patients (X test). (D) Examples of images
showed a significant fibrosis regression in the CV region (arrows) in the eGFR increase group compared with the eGFR decrease group. CV, central vein; eGFR,

estimated glomerular filtration rate.
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Table 3. Twenty-seven fibrosis parameters showed significant differences in progressive or regressive liver fibrosis between the eGFR-increase and decrease groups.

Proportion of progressive patients

Proportion of regressive patients

Fibrosis parameter no. Parameter regions eGFR-increase group (%) eGFR-decrease group (%) p value eGFR-increase group (%) eGFR-decrease group (%) p value
P1 Portal tract 23 47 0.07 64 31 0.02
P2 Pericentral 32 63 0.03 41 28 0.33
P3 Pericentral 36 66 0.03 45 22 0.07
P4 Pericentral 41 69 0.04 36 25 0.37
P5 Pericentral 32 66 0.01 36 28 0.52
P6 Pericentral 32 63 0.03 41 28 0.33
P7 Pericentral 36 66 0.03 41 28 0.33
P8 Pericentral 32 59 0.05 45 31 0.29
P9 Pericentral 41 72 0.02 41 25 0.22
P10 Pericentral 41 69 0.04 36 25 0.37
P11 Pericentral 32 59 0.05 55 28 0.05
P12 Pericentral 41 59 0.18 50 22 0.03
P13 Pericentral 4 69 0.04 36 25 0.37
P14 Pericentral 36 66 0.03 45 22 0.07
P15 Pericentral 41 69 0.04 41 25 0.22
P16 Pericentral 41 69 0.04 41 25 0.22
P17 Central vein 41 72 0.02 55 25 0.03
P18 Central vein 45 66 0.14 50 22 0.03
P19 Central vein 32 63 0.03 59 25 0.01
P20 Central vein 36 66 0.03 41 25 0.22
P21 Central vein 50 66 0.25 50 22 0.03
P22 Central vein 41 59 0.18 55 25 0.03
P23 Central vein 36 72 0.01 50 19 0.02
P24 Central vein 27 66 0.01 73 19 0.00
P25 Central vein 45 63 0.22 55 25 0.03
P26 Central vein 41 72 0.02 55 25 0.03
P27 Central vein 41 69 0.04 55 22 0.01

The X? test was used to estimate the statistical differences. eGFR, estimated glomerular filtration rate.
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Fig. 3. qFibrosis combined index for predicting eGFR changes over the follow-up. Five parameters at baseline (%Dis, #LongStr, #ThinStrPeriPortalAgg,
#LongStrCVDis and #ThinStrChickenWireAgg) were selected for the combined index. The leave-one-out cross-validation method was used. With a cut-off value of
combined index = 0.52, patients with increased eGFR had lower index values than those with decreased eGFR in both training (A) and validation (B) sets (two-tailed
Wilcoxon rank-sum test, p <0.001). (C) Performance of the training and validation sets in predicting eGFR changes. The area under the receiver operating characteristic
curve (AUROC) analysis was used. %Dis, the percentage of distributed collagen in the tissue; #LongStr, the number of long collagen fibers in the tissue; #Long-
StrCVDis, the number of long and distributed collagen fibers in CV region; #ThinStrChickenWireAgg, the number of thin and aggregated collagen fibers for the chicken
wire fibrosis; #ThinStrPeriPortalAgg, the number of thin and aggregated collagen fibers in peri-portal region.

associated with aberrant expression of several proangiogenic
factors, such as vascular endothelial growth factors (VEGFs),
fibroblast growth factors (FGFs), angiopoietins (Angs), and
PDGFs,*° which may increase liver and renal fibrogenesis. Also,
because of their proximity to blood vessels, the CV and PC
regions are more sensitive to aberrant expression of proin-
flammatory markers (e.g. C-reactive protein, tumor necrosis
factor-alpha, and interleukin-6), lipid oxidation products
(arachidonic acid oxidation products, and linoleic acid oxida-
tion products, including hydroxy-octadecadienoic acid),
indirect fibrotic biomarkers (hyaluronic acid, procollagen llI
amino-terminal peptide, and laminin), and microRNAs.*"*2
These factors play an important role in the progression of
liver fibrosis and may also adversely affect the kidney via
microcirculation, contributing to the worsening of renal function
and, ultimately, to an eGFR decline.

Kidney disease poses a serious threat to human life and
health, with more than 10% of the global adult population
suffering from CKD."" Most of the previously published studies
have focused on the progression and regression of liver fibrosis
in patients with MASLD, but in fact, the deterioration of their
kidney function is also of great significance. As mentioned
earlier, the mean difference in the annual percentage change in
eGFR decline in patients with MASLD compared with non-
MASLD patients was approximately -1%."" In a clinical trial
examining the progression of kidney disease, an eGFR slope
reduction by 0.5 to 1.0 ml/min/1.73 m? per year was protective
for end-stage kidney disease (multivariable-adjusted hazard
ratios of 0.79 [95% Cl 0.77-0.81]).*® In addition, a nationwide
population-based study demonstrated that eGFR variability of
either 5% or 10% affected hard clinical outcomes, such as all-
cause mortality.** Based on a mean follow-up of up to 23
months, we stratified eGFR changes by at least a 2% relative

difference, which may seem like a small change, but hepatol-
ogists must be aware of such a decline, which might be a signal
to alert clinicians to prevent and intervene in MASLD early, with
the potential benefit of slowing down the deterioration of both
liver and kidney disease in this patient population.

Our exploratory retrospective study has some important
limitations that should be mentioned. Firstly, the sample size
was small, and the follow-up time was relatively short, thus
limiting the generalizability of our findings. Secondly, as our
study participants were enrolled from two hospital centers in
China, future research should incorporate cohorts from
different countries to further validate these findings. Besides,
although we adjusted eGFR levels for age, we also need to
consider that ageing is a significant risk factor for all degen-
erative diseases. Finally, the GFR assessment using inulin is
considered the reference method for measuring GFR. However,
this method involves the infusion of inulin and then the mea-
surement of blood levels after a specified period to determine
the inulin clearance rate. Unfortunately, this method was un-
available in our study, so we used the widely validated
creatinine-based chronic kidney disease epidemiology collab-
oration (CKD-EPI) equation to estimate GFR. Besides, we
cannot comment on albuminuria, renal disease, or other as-
pects of renal tubular function.

In conclusion, the results of our exploratory retrospective
longitudinal study provide potential new insights for analyzing
the relationship between liver fibrosis progression rates and
eGFR decline in people with biopsy-confirmed MASLD by
integrating digital pathology and Al. Through digital pathology,
regional liver fibrosis assessment may demonstrate specific
liver lobular changes associated with early eGFR decline over
time. Additional clinical research is needed to further
strengthen and corroborate these findings.
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collaboration; CRN, Clinical Research Network; CV, central vein; CVD, cardio-
vascular disease; DBIl, direct bilirubin; DEGs, differentially expressed genes;
eGFR, estimated glomerular filtration rate; EOF, end of follow up; ER, endo-
plasmic reticulum; FGFs, fibroblast growth factors; FIB-4, Fibrosis-4 index; Hb,
hemoglobin; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic
model assessment of insulin resistance; IBil, indirect bilirubin; LDL-C, low-density
lipoprotein cholesterol; MASH, metabolic dysfunction-associated steatohepatitis;
MASLD, metabolic dysfunction-associated steatotic liver disease; NAFLD, non-
alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; NFS, NAFLD
fibrosis score; NITs, non-invasive fibrosis tests; PC, peri-central; PDGF-D,
platelet-derived growth factor-D; PP, peri-portal; PRO-C3, propeptide of collagen
type 3; PT, portal tract; qFC, gFibrosis continuous; Q-FPs, quantification of
fibrosis-related parameters; qFS, gFibrosis stage; QLF, liver fibrosis regression
assessed by gFibrosis continuous values; QLF*, liver fibrosis progression
assessed by gFibrosis continuous values; RBC, red blood cell; ROS, reactive
oxygen species; SHG/TPEF, second harmonic generation/two-photon excitation
fluorescence; StrLengthCVDis, the length of distributed collagen fibers in the CV
regions; TBIl, total bilirubin; TGF-B1, transforming growth factor-$1; UA, uric acid;
VEGFs, vascular endothelial growth factors; WBC, white blood cell.
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