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Background: Patients with chronic hepatitis B (CHB) and cirrhosis often have impaired fasting glucose (IFG). This study sought to
investigate the impact of liver fibrosis on islet function in individuals diagnosed with CHB and IFG.

Material and Methods: Patients with chronic hepatitis B (CHB) and impaired fasting glucose (IFG) were selected for this study.
They were divided into low-risk (L-R), intermediate-risk (M-R), and high-risk (H-R) liver fibrosis groups based on the FIB-4 score.
The study compared islet function among different risk groups of liver fibrosis and analyze the correlation between liver fibrosis and
islet function. Additionally, the patients were divided into a diabetes mellitus (DM) group and a non-DM (NDM) group based on the
development of DM. The cumulative risk of progression to DM in patients with L-R, M-R, and H-R liver fibrosis was analyzed using
the Kaplan—Meier method. Hazard ratios (HRs) and confidence intervals (Cls) were calculated for DM development through Cox
regression analysis.

Results: In this study of 228 individuals, higher FIB-4 scores were observed in the DM group compared to the NDM group. Patients
with H-R liver fibrosis displayed lower islet function and had a significantly higher risk of developing DM. The FIB-4 score and
fasting plasma glucose (FPG) were identified as independent risk factors for DM progression in CHB patients with IFG.
Conclusion: Among patients with CHB and IFG, the severity of liver fibrosis is associated with islet function, and the FIB-4 score is
a significant risk factor for DM development.
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Introduction

Hepatic fibrosis is a crucial step in the progression toward cirrhosis and reflects the deterioration in liver function.
Cirrhosis is highly prevalent worldwide, and it often leads to a decline in quality of life and increased mortality. In
various chronic liver disease etiologies, cirrhosis develops gradually, involves the entire liver, and is characterized by the
accumulation of fibrotic extracellular matrix and nodular regeneration.'

In China, chronic hepatitis B (CHB) is the main cause of cirrhosis. A significant proportion of patients with CHB
suffer from impaired fasting glucose (IFG), especially patients with CHB with concomitant cirrhosis. According to
research, 79.2% of chronic liver disease patients exhibit abnormal glucose metabolism, of which 40.78% have overt
diabetes. Furthermore, the proportion of patients with diabetes and glucose intolerance can reach up to 96% in patients
with cirrhosis.” * A 2020 cross-sectional study on the prevalence of DM in mainland China showed that the prevalence of
DM and IFG in Chinese adults was 12.8% and 35.2%, respectively.” This indicates that the incidence of DM, especially
in patients with liver disease, such as cirrhosis, is significantly higher than the average incidence in the population.

In patients with chronic liver disease, an abnormal glucose tolerance, which is referred to as hepatogenic diabetes, is
characterized by hyperinsulinemia and insulin resistance.® The pathogenesis of hepatogenic diabetes remains a subject

of debate, with early studies attributing the IFG observed in patients with cirrhosis to insulin resistance.” However, recent
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studies have challenged this early view on the pathogenesis of hepatogenic diabetes, suggesting that glucose intolerance
in patients with cirrhosis may not only result from insulin resistance, but also islet B-cell dysfunction.'®!!

Previous studies have shown that compared with the general population, patients with cirrhosis with DM usually have
better lipid and lipoprotein profiles and a lower frequency of certain risk factors, such as age, body mass index, and
family history of DM. Moreover, B-cell dysfunction is related to liver disease severity.>'>"'* As liver function declines,
the function of the pancreatic islets may also be compromised, potentially serving as a pivotal factor in the development
of DM in patients with CHB. However, there is limited research on the relationship between hepatic fibrosis and islet
function in this population. In light of this, this clinical study sought to investigate the impact of liver fibrosis on islet

function in patients with CHB with IFG.

Materials and Methods
Study Population

We conducted a retrospective analysis of the electronic health records from two major medical centers in China (Qingdao
Sixth People’s Hospital, which is a specialized liver disease hospital, and the Affiliated Hospital of Qingdao University).
The database included data on over 50,000 hospitalized patients with CHB and hundreds of thousands of outpatient visits
in the province. CHB was defined as positive for hepatitis B surface antigen or hepatitis B virus DNA at intervals of at
least 6 months, according to established diagnostic criteria.'”

To ensure the specificity of the study population, we excluded patients with liver cancer, high alcohol consumption,
hepatitis C infection, autoimmune diseases, cholesteric liver diseases, iron or copper overload, as well as patients with
severe fatty liver. Additionally, we also excluded patients with decompensated cirrhosis and those with a hepatitis B virus
DNA level exceeding 2000 copies/mL to eliminate the potential impact of viral activity.

IFG was diagnosed based on the 2018 criteria outlined by the American Diabetes Association,'® whereby individuals
with a fasting plasma glucose (FPG) of >5.6 mmol/L were classified as having IFG. To ensure that DM had definitely
developed after enrollment, we excluded individuals with a prior diagnosis of DM, self-reported DM, a FPG of >7.0
mmol/L on two occasions or >11.1 mmol/L on one occasion at the time of enrollment, or a documented DM diagnosis in
the hospital information system prior to enrollment from their medical records. In all cases, the age at first diagnosis of
DM had to be >35 years to reduce the risk of misclassifying individuals with type 1 DM.

Variables

Blood Sampling and Laboratory Analyses

Biomarker data were obtained from the hospital inpatient information system, which provided comprehensive medical
records for all study participants. All laboratory analyses were performed on fresh blood serum samples collected from
the study participants and were conducted at either the laboratory of Qingdao Sixth People’s Hospital or the Affiliated
Hospital of Qingdao University. Standardized and well-documented methodologies were used for all laboratory assays to
ensure consistent and accurate results.

Assessment of Hepatic Fibrosis

To monitor the severity of liver fibrosis, we selected the Fibrosis-4 (FIB-4) Index, which is widely used in clinical
practice due to its high predictive value for liver fibrosis.'” Based on the suggested FIB-4 cut-off scores stated in the 2015
World Health Organization guidelines for the prevention, care, and treatment of persons with CHB infection, we
categorized patients into low-risk (L-R), intermediate-risk (M-R), and high-risk (H-R) liver fibrosis groups. These cut-
off scores were developed based on non-invasive tests for the detection of significant fibrosis and cirrhosis. Specifically,
the cut-off scores for the L-R, M-R, and H-R groups were <1.45, 1.45-3.25, and >3.25, respectively.'® For patients who
underwent multiple FIB-4 tests during hospitalization, we used the record from the first detection of IFG to classify them
into the appropriate risk group. The FIB-4 score was calculated using the following equation:

FIB — 4 score =(age x AST[U/L]) + (platelet count[10° /L] x ALT[U/L])
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Assessment of Islet Function

The homeostasis model of B-cell function (HOMA-f) and insulin resistance index (HOMA-IR) is commonly used to
evaluate islet function and to assess the impact of insulin resistance, respectively. These indices are calculated using FPG
and fasting plasma insulin (FPI), both of which can be easily measured via routine laboratory tests.'® These indices are
calculated using the following equation:

HOMA — f = 20 x FPI(u1U/mL) < [FPG(mg/dL)—3.5]

HOMA — IR =[FPG(mmol/L) x FPI(41U/mL)] +22.5

Follow-Up

The follow-up period began on the date of initial IFG detection and concluded with the occurrence of DM diagnosis,
death, emigration, loss to follow-up, or May 31, 2021, which marked the end of the follow-up period. Patients were
classified into DM and non-DM (NDM) cohorts based on the incidence of DM during the follow-up period. At the end of
the follow-up period, the FIB-4 score and the HOMA-f score were recorded to assess hepatic fibrosis status and monitor
any changes that may have occurred during the follow-up period due to treatment or other factors. This allowed for
potential variations in baseline data analysis at the time of enrollment to be accounted for.

Analyses

The distribution of liver fibrosis risk between the DM and NDM groups was analyzed using the x* test. The study
endpoint was the diagnosis of DM during the follow-up period. The cumulative risk of DM in the three liver fibrosis risk
groups (L-R, M-R, and H-R) was analyzed using the Kaplan—Meier method. The hazard ratio (HR) of liver fibrosis and
the different liver fibrosis risk levels for DM development were analyzed using the Cox regression analysis. In the Cox
regression analysis, the L-R group was used as the reference group.

Statistical Analysis

Statistical analysis was performed using SPSS 26.0 software to compare the general characteristics, clinical data, FIB-4
score, distribution of liver fibrosis risk grade, and islet function (HOMA-f score) between the DM and NDM groups. The
HOMA-f scores were logarithmically transformed to normalize the distribution and reduce the impact of extreme values,
facilitating the application of statistical tests that assume normality. Normally distributed continuous variables are
presented as the mean (standard deviation), and group comparisons were conducted using the #-test. Non-normally
distributed continuous variables are presented as the median (interquartile range). Group comparisons were conducted
using the Mann—Whitney U-test. Categorical data are presented as percentages. For the assessment of bivariate relation-
ships, Pearson or Spearman correlation analyses were used depending on the distribution of the variables. A P value of
<0.05 was considered statistically significant.

Ethical Considerations

This study strictly adheres to the requirements of the Declaration of Helsinki. The retrospective analysis of clinical data was
conducted in accordance with strict measures for de-identification of personal information during the data collection process.
As this study is retrospective in nature, informed consent from patients was not required. We consulted extensively with the
Ethics Committee of Qingdao Sixth People’s Hospital and Qingdao University, and it was collectively determined that our
study is exempt from formal ethical approval requirements. The study protocol and data handling procedures were designed
to protect patient confidentiality and privacy, in line with the principles outlined in the Declaration of Helsinki.

Results
The Baseline and the End of Follow-Up Data

A total of 1212 patients with CHB with IFG were enrolled in the preliminary screening. Patients who met the inclusion
criteria but who did not have any follow-up information (n = 708) were excluded. Patients with other types of viral
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hepatitis, autoimmune hepatitis, cancer (including cancer within 1 year after enrollment), decompensated cirrhosis
(reducing the risk of FIB-4 Index and HOMA-f Index deficiency), a hepatitis B virus DNA load of >2000, and with
a clear history of DM were excluded through patient electronic case information (n = 276). Finally, 228 individuals
constituted the main analysis population. Among them, 68 patients (29.82%) were diagnosed with DM during the follow-
up period (Figure 1).

The mean age of the overall cohort was 53.19 (9.87) years, and there were 155 male patients (68% of the total
cohort). The median FIB-4 score of the 228 enrolled patients was 1.77 (1.15-3.02). Among these patients, 84 (36.8%)
were classified as having L-R liver fibrosis, 92 (40.4%) were classified as having M-R liver fibrosis, and 52 (22.8%) were
classified as having H-R liver fibrosis. Compared with the NDM group, the age, FPG, and FIB-4 score of the DM group
were higher (P < 0.05 for all) (Figure 2A). The proportion of patients with H-R liver fibrosis in the DM group was
significantly higher than the proportion of patients with L-R and M-R liver fibrosis (P < 0.05) (Figure 2B). There was no
significant difference in body weight, alanine transaminase, aspartate transaminase, total bilirubin, platelet count (PLT),
triglycerides (TG), total cholesterol (TC), low-density lipoprotein (LDL), FPI, Ln"°™MA-F and HOMA-IR between the
DM and NDM groups (P > 0.05). The clinical data of the subjects are detailed in Table 1.

At the end of the follow-up period, it was observed that the DM group had a higher FIB-4 score (P < 0.05) and
a higher proportion of patients with H-R liver fibrosis compared to the NDM group (P < 0.01), which was consistent with
the baseline data at the time of enrollment. Furthermore, it was found that compared to baseline, the HOMA-f} score was
significantly lower in the DM group than in the NDM group at the end of the follow-up period, and the DM group
exhibited higher insulin resistance compared to the NDM group (P < 0.01) (Figure 3). However, there were no significant
differences in body weight, alanine transaminase, aspartate transaminase, total bilirubin, Platelet count (PLT), triglycer-
ides (TG), total cholesterol (TC), low-density lipoprotein (LDL) between the two groups (Table 2).

Association Between Liver Fibrosis and Islet Function
According to the stratification of liver fibrosis risk groups, we compared the islet function among different risk groups.
The results showed no significant differences in islet function at baseline and at the end of follow-up between different

Patients who have admission

Chronic hepatitis B patients with information from May 2013 to May
impaired fasting glucose 2017 in either Qingdao Sixth
(N=1212) People's Hospital or the Affiliated

Hospital of Qingdao University

l

Follow-up period started from Drop-out 708 patients
the first occurrence of impaired |<——— without any follow-up

fasting glucose and ended on information

May 31, 2021
(N =504)
l Drop-out 276 patients
N =92 Patients with diabetes
228 individuals included in — N'=47 Patients with HCC
statistical analysis N = 86 Patients with decompensated cirrhosis
- N = 51 Patients with HBV DNA > 2000

l copies/mL

v v

Diabetes mellitus Non-diabetes mellitus
Group Group
N =68 N=160

Figure | Flowchart of patient inclusion and exclusion.
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Figure 2 Comparison of liver fibrosis between the DM group and the NDM group at enrollment. (A): Comparison of the FIB-4 scores. (B): Comparison of the liver fibrosis

G [t

risk distribution. Same letters (eg, “a”) for both groups indicate no significant difference, while different letters (eg, “a” and “b”) indicate a significant difference between the
groups.

Abbreviations: DM, diabetes mellitus; NDM, non-diabetes mellitus; L-R, low-risk liver fibrosis; M-R, intermediate-risk liver fibrosis; H-R, high-risk liver fibrosis; FIB-4,
Fibrosis-4.

liver fibrosis risk groups. Among patients with a follow-up time exceeding 900 days, there were no significant differences
in islet function among different risk groups. However, among patients with a follow-up time exceeding 1700 days and
2000 days, significant differences were observed between different liver fibrosis risk groups. Subsequent comparisons
between the groups revealed that patients with high-risk liver fibrosis had lower islet function compared to those in the

Table | Characteristics of the Study Cohort at the Time of Enrollment

Variable Group Total P value
DM Non-DM

Number (%) N = 68 (29.8%) N = 160 (70.2%) 228

Male (%) 43 (63.2%) 112 (70.0%) 155 (68.0%) 0.32
Body weight (kg) 74.98 (12.35) 75.36 (13.24) 75.25 (12.96) 0.84
Age 55.50 (8.44) 52.21 (10.28) 53.19 (9.87) < 0.05
Follow-up duration, days | |155.50 (735.0, 1552.75) | 1854.5 (1397.5, 2262.25) | 1704.0 (1099.0,2118.5) | < 0.0l
FIB-4 score 2.02 (1.30, 4.91) 1.66 (1.13, 2.52) 1.77 (1.15, 3.02) <0.05

FIB-4 Low (%) N = 19 (22.6%) N = 65 (77.4.%) 84 (36.8%)

FIB-4 Intermediate (%) N = 25 (27.5%) N = 66 (72.5%) 91 (40.0%)

FIB-4 High (%) N = 24 (45.3%) N =29 (54.7%) 53 (23.2%) <0.05
ALT (IU/L) 29.00 (22.00, 47.00) 30.50 (22.00, 49.25) 30.00 (22.00, 47.00) 0.62
AST (IUL) 27.00 (21.40, 43.00) 26.00 (22.00, 37.00) 26.00 (22.00, 38.50) 0.69
TBIL (mg/dL) 16.00 (12.38, 28.68) 16.60 (12.83, 23.38) 16.50 (12.65, 24.18) 0.49
PLT (10°/L) 148.88 (76.25) 159.69 (64.77) 156.46 (68.41) 0.28
TG (mmoliL) 1.14 (0.71, 1.43) 1.20 (0.83, 1.63) 1.18 (0.8, 1.52) 0.33
TC (mmol/L) 471 (1.08) 5.38 (3.75) 5.18 (3.21) 0.15
LDL (mmol/L) 2.81 (0.86) 2.98 (0.89) 2.93 (0.89) 0.19
FPG (mmol /L) 6.35 (5.81, 7.08) 5.86 (5.70, 6.10) 5.90 (5.70, 6.38) <00l
FPI (ulU/mL) 16.72 (9.56, 20.58) 14.73 (11.59, 19.92) 15.18 (11.52, 20.46) 0.33
LnHOMA-B 4.54 (0.68) 4.75 (0.57) 4.69 (0.65) 0.07
HOMA-IR 473 (2.57, 6.37) 3.93 (2.98, 5.53) 4.18 (2.96, 5.89) 0.07

Notes: Within brackets: a single numerical value represents the standard deviation, two numbers separated by a comma denote the
interquartile range, and the numerical value followed by a percentage symbol represents its percentage within the total count.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL: Total bilirubin; PLT: Platelet count; TG: triglyceride; TC:
total cholesterol; LDL: low density lipoprotein; LnHOMA-B: logarithm of islet function index; HOMA-IR: Insulin resistance index; FIB-4 Low:
FIB-4<1.45; FIB-4 Intermediate: | .45<FIB-4<3.25; FIB-4 High: FIB-423.25; FPG: fasting plasma glucose; FPI: fasting plasma insulin; FIB-4: Fibrosis-4.
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Figure 3 Islet function and liver fibrosis in the DM and NDM groups over time. (A): The islet function index in the two groups at the start of follow-up. (B): The islet
function index in the two groups at the end of follow-up. (C): The FIB-4 score at the start of follow-up. (D): The FIB-4 score at the end of follow-up. (E): The distribution of
liver fibrosis grade in the two groups at the start of follow-up. (F): The distribution of liver fibrosis grade in the two groups at the end of follow-up. Same letters (eg, “a”) for
both groups indicate no significant difference, while different letters (eg, “a” and “b”) indicate a significant difference between the groups.

Abbreviations: DMDM, diabetes mellitus; NDM, non-diabetes mellitus; L-R, low-risk liver fibrosis; M-R, intermediate-risk liver fibrosis; H-R, high-risk liver fibrosis;
LnHOMAB |ogarithm of islet function index; FIB-4, Fibrosis-4.
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Table 2 Characteristics of the Study Cohort at the End of Follow-Up

Variable Group Total P value
DM Non-DM

Number (%) N = 68 (29.8%) N = 160 (70.2%) 228

Body weight (kg) 75.34 (14.60) 74.35 (11.50) 74.65 (12.46) 0.87

FIB-4 score 1.67 (1.29, 4.62) 1.63 (1.05, 2.39) 1.65 (.15, 2.66) < 0.05

FIB-4 Low (%) N = 26 (28.6%) N = 65 (71.4%) 91 (39.9%)

FIB-4 Intermediate (%) N =19 (21.6%) N = 69 (78.4%) 88 (38.6%)

FIB-4 High (%) N = 23 (46.9%) N =26 (53.1%) 49 (21.5%) < 0.0l
ALT (IU/L) 28.00 (20.13, 37.00) | 23.00 (18.00, 35.00) | 24.00 (18.00, 36.00) 0.06
AST (IU/L) 25.00 (19.03, 35.74) | 23.00 (18.85, 29.75) | 23.00 (19.00, 32.50) 0.15
TBIL (mg/dL) 15.55 (12.38, 27.68) | 16.00 (11.51, 23.58) 15.90 (11.96, 25.1) 0.46
PLT (10°/L) 155.80 (73.56) 168.46 (64.76) 164.68 (64.74) 0.23
TG (mmol/L) 1.14 (0.83, 1.61) 1.20 (0.83, 1.63) 1.18 (0.81, 1.52) 0.89
TC (mmol/L) 4.71 (1.08) 5.38 (3.75) 4.99 (2.34) 0.87
LDL (mmol/L) 2.81 (0.86) 2.98 (0.89) 3.08 (0.95) 0.11
FPG (mmol /L) 7.27 (6.18, 7.82) 5.87 (5.54, 6.50) 6.10 (5.60, 7.20) < 0.0l
FPI (ulU/mL) 17.34 (14.34, 23.53) | 15.66 (13.34, 17.76) | 15.92 (13.60, 18.46) < 0.0l
LnHOMA$ 4.34 (0.75) 4.87 (0.57) 4.66 (0.61) < 0.0l
HOMA-IR 5.28 (4.01, 7.34) 4.07 (3.33,4.77) 4.25 (3.40, 5.70) < 0.0l

Notes: Within brackets: a single numerical value represents the standard deviation, two numbers separated by a comma denote the
interquartile range, and the numerical value followed by a percentage symbol represents its percentage within the total count.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, Total bilirubin; PLT, Platelet count; TG,
triglyceride; TC, total cholesterol; LDL, low density lipoprotein; LnHOMA-B, logarithm of islet function index; HOMA-IR, Insulin
resistance index; FIB-4 Low, FIB-4<1.45; FIB-4 Intermediate: | .45<FIB-4<3.25; FIB-4 High, FIB-423.25; FPG, fasting plasma glucose; FPI,
fasting plasma insulin; FIB-4: Fibrosis-4.

low-risk and moderate-risk groups, and these differences were statistically significant. There were no significant
differences observed between the low-risk and moderate-risk groups of liver fibrosis patients (Table 3).

We conducted a correlation analysis between the D-Value (obtained by subtracting the values at baseline from the
values at the end of follow-up) of clinical indicators and the D-Value of islet function (Ln"OMAP) The analysis revealed
correlations between the D-Value of islet function and the D-Value of FIB-4 in the moderate-risk (M-R) and high-risk
(H-R) liver fibrosis groups. Specifically, among study subjects with follow-up durations exceeding 1700 days and 2000
days, the D-Value of islet function displayed a negative correlation with the D-Value of FIB-4 in both the M-R and
H-R liver fibrosis groups, while displayed no correlation with low-risk (L-R) liver fibrosis group (Table 4, Figure 4).
Additionally, there was a positive correlation between the D-Value of islet function and the D-Value of FPI, while among
study subjects with follow-up durations exceeding 900 days, there was a negative correlation between the D-Value of
islet function and the D-Value of fasting plasma glucose (FPG). Furthermore, there were no correlations between the
D-Value of islet function and the D-Values of other clinical indicators.

Cumulative Risk of Progression to DM in Patients with Different Liver Fibrosis Risks
During the follow-up period of 360,482 person-days for 228 patients, 68 patients (29.8%) were diagnosed with DM,
which served as the endpoint event. Among these patients, 19 patients with L-R liver fibrosis (22.9%), 26 patients with
M-R liver fibrosis (28%), and 23 patients with H-R liver fibrosis (44.2%) reached the endpoint event. The median follow-
up period was 1704 days (1096.3-2118.5). The Kaplan—Meier curve revealed a significant difference in the cumulative
risk of DM among the three liver fibrosis risk groups (Log rank test: ¥*> = 9.19, P < 0.05). Moreover, there was
a significant difference in the cumulative risk of DM in patients with H-R liver fibrosis compared with those with L-R or
M-R liver fibrosis (Log rank test: > = 7.42, P < 0.016 and > = 5.81, P < 0.016, respectively). However, no significant
difference was observed between patients with L-R liver fibrosis and those with M-R liver fibrosis (Log rank test: y*> =
0.23, P = 0.63) (Figure 5).
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Table 3 Comparative Islet Function in Different Liver Fibrosis Groups: Start and End of Follow-Up

Period

Variable Group Total P-value
L-R M-R H-R

Number 84 9l 53 228
LnHOMAB f Start of follow-up 468 (0.50) | 4.72 (0.52) | 4.61 (0.66) | 4.69 (0.65) 0.54
Ln"OMAB of End of follow-up 471 (0.51) | 4.69 (0.53) | 4.55 (0.69) | 4.66 (0.61) 0.31
Follow-up days >900 (days)
Number 67 81 35 183
LnHOMAB of Start of follow-up 471 (0.46) | 472 (0.50) | 4.57 (0.61) | 4.69 (0.51) 0.32
LnHOMAB of End of follow-up 470 (0.52) | 4.68 (0.50) | 4.45 (0.62) | 4.64 (0.61) 0.11
Follow-up days > 1700 (days)
Number 43 52 20 115
LnHOMAB of Start of follow-up 4.69 (0.43) | 4.78 (0.45) | 4.64 (0.44) | 4.72 (0.44) 0.42
LnHOMA-B of End of follow-up 479 (0.47) | 4.69 (0.48) | 4.35(0.56) | 4.66 (0.51) <0.05
Comparison between L-R and M-R 0.48
Comparison between M-R and H-R < 0.05
Comparison between L-R and H-R <0.05
Follow-up days > 2000 (days)
Number 28 29 14 71
LnHOMAB f Start of follow-up 466 (0.41) | 478 (0.39) | 4.70 (0.44) | 4.71 (0.41) 0.22
LnHOMAB of End of follow-up 476 (0.54) | 4.69 (0.37) | 4.23 (0.57) | 4.62 (0.52) <0.05
Comparison between L-R and M-R 0.39
Comparison between M-R and H-R <0.05
Comparison between L-R and H-R < 0.0l

Notes: Within brackets: a single numerical value represents the standard deviation.
Abbreviations: LhnHOMA-B, logarithm of islet function index; L-R, low-risk liver fibrosis; M-R, intermediate-risk liver fibrosis;
H-R, high-risk liver fibrosis.

Table 4 Correlation Analysis of Clinical Indicators D-Value with Ln"°™* D-Value During Follow-Up

D-value of Clinical Indicators Follow-Up Days
>900 (Days) >1700 (Days) 22000 (Days)
r P-value r P-value r P-value
FIB-4
L-R —0.004 0.98 —0.07 0.67 —0.08 0.7
M-R —0.05 0.67 —0.3 <0.05 —0.48 < 0.0l
H-R —0.24 0.16 —0.57 <0.01 —0.68 < 0.0l
Body weight (kg) 0.13 0.08 0.15 0.12 0.2 0.09
ALT (IU/L) —0.08 0.31 —0.14 0.14 —-0.07 0.55
AST (IU/L) —0.08 0.29 —-0.13 0.17 —0.06 0.62
TBIL (mg/DL) 0.02 0.78 0.03 0.78 0.13 0.29
PLT (109/L) 0.02 0.79 0.07 0.43 0.02 0.88
TG (mmol/L) 0.02 0.77 0.03 0.73 —0.14 0.25
TC (mmol/L) 0.09 0.23 0.11 0.25 0.15 0.21
LDL (mmol/L) 0.003 0.97 0.08 0.36 —0.04 0.76
FPG (mmol /L) —0.27 <0.01 —0.17 0.08 —0.11 0.34
FPI (uU/mL) 0.44 <0.01 0.46 <0.01 0.38 < 0.0l

Abbreviations: LnHOMA-p, logarithm of islet function index; L-R, low-risk liver fibrosis; M-R, intermediate-risk liver fibrosis;
H-R, high-risk liver fibrosis; FIB-4, Fibrosis-4; r, Correlation coefficient; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; TBIL, Total bilirubin; PLT, Platelet count; TG, triglyceride; TC, total cholesterol; LDL, low density lipoprotein; FPG,
fasting plasma glucose; FPI, fasting plasma insulin.
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Figure 4 Correlation Analysis of FIB-4 D-Value and Islet Function D-Value in Three Liver Fibrosis Risk Groups. (A—C): Correlation analysis between FIB-4 D-value and islet
function D-value in the low liver fibrosis risk group, with follow-up durations exceeding 900 days, 1700 days, and 2000 days respectively. (D—F): Correlation analysis between
FIB-4 D-value and islet function D-value in the moderate liver fibrosis risk group, with follow-up durations exceeding 900 days, 1700 days, and 2000 days respectively. (G-1):

Correlation analysis between FIB-4 D-value and islet function D-value in the high liver fibrosis risk group, with follow-up durations exceeding 900 days, 1700 days, and 2000
days respectively.

Abbreviation: L-R, low-risk liver fibrosis; M-R, intermediate-risk liver fibrosis; H-R, high-risk liver fibrosis; Ln" ™A Jogarithm of islet function index; FIB-4, Fibrosis-4;
D-value: subtracting the values at baseline from the values at the end of follow-up.

Risk Factors for DM in Patients with CHB and IFG

The Cox regression analysis was used to identify the risk factors for progression to DM in patients with CHB and IFG.
The univariate analysis revealed that age, FPG, and FIB-4 score (HR 1.10, 95% CI 1.04-1.17, P < 0.01) were
significantly associated with the risk of the endpoint event. H-R liver fibrosis was significantly associated with the risk
of the endpoint event compared with L-R liver fibrosis (HR 2.30, 95% CI 1.25-4.23, P < 0.01). The multivariate Cox
proportional hazards regression analysis was constructed to analyze the effects of age, FPG, and FIB-4 score. The results
indicated that the FIB-4 score (HR 1.07, 95% CI 1.00-1.14, P < 0.05) and FPG were independent risk factors for the
progression to DM in patients with CHB and IFG. The collinearity between relevant variables was assessed because the
FIB-4 Index incorporates age into the calculation. The variance inflation factor (VIF) value of all variables was less than
5, indicating that the analysis of the FIB-4 score was not significantly affected by age (Table 5).

Discussion

In this study, the DM group was slightly older than the NDM group (52.21 vs 55.50 years, respectively), and the
proportion of males (68%) was higher than the proportion of females, which is consistent with epidemiological data
demonstrating a higher incidence of hepatitis B in males than in females.”” Patients with acute hepatitis and severe
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Figure 5 Kaplan—Meier curves of the cumulative hazard rate of DM in patients with L-R, M-R, and H-R liver fibrosis stratified by FIB-4 score.
Abbreviations: L-R, low-risk liver fibrosis; M-R, intermediate-risk liver fibrosis; H-R, high-risk liver fibrosis; IFG, impaired fasting glucose.

decompensation were excluded, resulting in stable clinical biochemical indicators of liver disease with no significant
differences between the two groups. The median insulin resistance index (HOMA-IR) was 3.70 (2.42-5.66), which is
significantly higher than the normal value of 1 and is consistent with the characteristic of IFG. The DM group had higher
FPG at enrollment than the NDM group, but there was no statistically significant difference in islet function (HOMA-B),
insulin resistance (HOMA-IR), or FPI. The homogeneity of the relevant data was better, minimizing the impact of islet
function imbalance on the study results.

According to the statistical analysis results, the distribution of liver fibrosis was significantly different between the
DM and NDM groups. Compared with the L-R liver fibrosis (FIB-4 score of <1.45) and M-R liver fibrosis (1.45 < FIB-4
score < 3.25) groups, the H-R liver fibrosis group (FIB-4 score of >3.25) had a higher proportion of patients with DM
(44.2%). The Kaplan—Meier curve showed a significantly higher cumulative risk of DM in the group with H-R liver
fibrosis than in the group with L-R or M-R liver fibrosis. These results indicate that patients with CHB and IFG with
severe liver fibrosis have a higher risk of DM than those with mild liver fibrosis.

According to the Cox regression analysis, the FIB-4 score remained an independent risk factor for the progression to
DM in patients with CHB after adjusting for sex, age, and FPG. In patients with different liver fibrosis risk levels, the risk
of DM was 2.3-times higher in patients with H-R liver fibrosis than in patients with L-R liver fibrosis. These findings
indicate that patients with more severe liver fibrosis have a higher risk of islet dysfunction, leading to a higher proportion
of patients with progression to DM than patients with mild liver fibrosis.

The pathophysiological mechanism of DM is failure of islet f-cell function to maintain glucose metabolism home-
ostasis, resulting in hyperglycemia. The occurrence of DM is inevitably accompanied by a gradual deterioration in islet
function.”' In this study, there was no significant difference in islet function or insulin resistance between the DM and
NDM groups at enrollment, while at the end of follow-up, the DM group had lower HOMA-B scores than the NDM

group. Our study compares islet function among different risk groups of liver fibrosis, it suggests that there are no
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Table 5 Risk Factors for DM in Patients with CHB and IFG

Variable Univariate Analysis Multivariate Analysis VIF
HR (95% CI) P value HR (95% CI) P value
Male 0.9 (0.55—-1.45) 0.66
Age 1.03 (1.00-1.06) <0.05 1.02 (0.99-1.05) 0.15 1.10
Body weight (kg) 1.00 (0.98-1.02) 0.68
FIB-4 score 1.10 (1.04-1.17) <0.01 1.07 (1.00-1.14) <0.05 1.10
Risk grade of FIB-4
FIB-4 intermediate 1.16 (0.64-2.10) 0.63
FIB-4 high 2.30 (1.254.23) <0.01
ALT (IU/L) 1.00 (0.99-1.00) 0.42
AST (IU/L) 1.00 (0.99-1.00) 0.52
PLT (10°/L) 1.00 (0.99-1.00) 0.14
TBIL (mg/dL) 1.00 (0.99-1.00) 0.16
TG (mmol/L) 0.86 (0.65—1.13) 0.28
TC (mmol/L) 0.83 (0.68-1.02) 0.07
LDL (mmol/L) 0.78 (0.59-1.02) 0.07
FPG (mmol/L) 1.68 (1.41-2.00) <0.01 1.63 (1.36—1.95) <0.05 1.00
FPI (WlU/mL) 1.01 (0.99-1.04) 0.39
HOMA-B 1.00 (0.99-1.04) 0.93
HOMA-IR 1.06 (0.98-1.15) 0.16

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, Total bilirubin; PLT, Platelet count; TG, triglyceride; TC,
total cholesterol; LDL, low density lipoprotein; HOMA-B, islet function index; HOMA-IR, insulin resistance index; FPG, fasting plasma glucose;
FP, fasting plasma insulin; FIB-4, Fibrosis-4; HR (95% Cl), Hazard Ratio (95% Confidence Interval); VIF, variance inflation factor.

significant differences in islet function among different liver fibrosis risk groups initially. However, as the follow-up
durations lengthened, patients with H-R liver fibrosis exhibited lower islet function compared to the L-R and
M-R groups. Changes in FIB-4 of M-R and H-R groups were negative correlated with changes in islet function, indicates
that in patients with moderate to high-risk liver fibrosis, a greater increase in FIB-4 index is associated with a greater
decline in islet function. It suggests that as lengthened, liver fibrosis may have a negative impact on pancreatic function
in patients with CHB and IFG.

Severe fibrosis can cause great damage to the liver, leading to a decline in liver function. This may affect the synthesis
of proteins and coagulation factors, the degradation and transformation of harmful substances, and the removal of
hormones, resulting in relevant clinical manifestations.”*> Recent studies have demonstrated that DM can be normalized
in approximately two thirds of patients with cirrhosis after liver transplantation, possibly due to increased liver insulin
sensitivity and insulin catabolism.** > Additionally, liver transplantation can improve P-cell function and insulin
bioavailability, which is a key process in controlling favorable or unfavorable changes in glucose regulation after
transplantation.”” An early study also suggested that the failing liver has an independent toxic effect on f cells, leading
to the development of DM.'? Previous studies collectively suggest that the deterioration in liver function in patients with
chronic liver disease can impact islet function.”*®*

Our research can be compared with previous studies. For example, Kuroda et al'' reported that patients with cirrhotic
portal hypertension showed pancreatic swelling and B-cell dysfunction on histological analysis. Compensatory thickening
of the pancreatic vein occurs due to collagen deposition caused by portal hypertension, which leads to venous intima
damage and impaired drainage. The deterioration in islet B-cell function due to pancreatic swelling suggests that this may
be one of the factors inducing hepatogenic diabetes. Moreover, Sakata et al'® conducted a comparative study of human
autopsy liver specimens and found that patients with cirrhosis had islet hypertrophy and decreased insulin expression.
These findings indicate that severe liver fibrosis may have affected islet function through hemodynamic changes around

the liver.?>°
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This study has several limitations that should be acknowledged. First, this was a retrospective study with a limited
sample size. Therefore, further large-scale prospective studies conducted at multiple centers are needed to confirm our
findings. Second, the FIB-4 score, which is calculated based on serum markers, has limitations in terms of its ability to
accurately diagnose liver fibrosis. Moreover, liver biopsy has poor compliance in the general population, so the clinical
use rate is very low. Similarly, the HOMA-B Index has limitations in terms of its ability to assess pancreatic islet
function, as the assessment of pancreatic islet function using standard hyperglycemia clipping techniques requires
complex experimental techniques and professional laboratory equipment.

It is important to note that the first IFG defined in this study only refers to the first recorded instance in the patient medical
records; therefore, it may not accurately reflect the true onset of IFG. IFG, also known as pre-diabetes, is considered as an
intermediate stage between normal glucose metabolism and DM. By selecting patients with [FG for observation, we aimed to
shorten the follow-up period of patients with DM compared to those with normal glucose metabolism. In particular, we
focused on patients with CHB and IFG to minimize the impact of the imbalance in islet function on the study outcomes.
Although the baseline FPG concentration in the DM group was higher than in the NDM group, we adjusted for this factor in
the multivariate Cox regression analysis and were still able to conclude that the FIB-4 score is a significant predictor of the
progression to DM. We observed a tendency towards a significant difference in islet function at baseline, although this
difference did not reach statistical significance (P = 0.07). This observation is primarily attributed to the limitations of
retrospective study data. Nevertheless, further studies are needed to confirm our findings.

In conclusion, this study suggests that in patients with CHB and IFG, the severity of liver fibrosis is associated with
islet function, and the FIB-4 score is a significant risk factor for the development of DM. The progression of liver fibrosis
may contribute to the development of DM causing a deterioration in islet function. Notably, our findings highlight the
importance of considering islet function when assessing disease progression in patients with CHB, as this factor is often
overlooked in clinical practice. Therefore, detecting islet function, particularly in patients with IFG, may be a useful tool
to evaluate disease severity in this patient population. Further studies are needed to confirm our findings and to identify
potential therapeutic strategies targeting both liver fibrosis and islet function in patients with CHB and IFG.
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